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Abstract

It is known that oil crises caused great economic distress in the
world after the 1970s. These crises were caused by problems related
to energy supply and created a more debatable environment for the
relationship between economy and energy. During this period,
discussions on the concepts of energy and economic growth
increased among economists. This study aims to contribute to the
discussions in the EC (energy consumption) and EG (economic
growth) literature from the perspective of biophysical theory. In this
study, the effect of EC on EG and the effect of EG on EC for the
period 1970-2019 in Tiirkiye were examined using Zivot-Andrews
unit root, Gregory-Hansen cointegration, DOLS, FMOLS, CCR
and Granger causality analysis methods. With these methods, the
complex structure of long-term relationships and causality
relationships were examined in depth by taking into account
structural breaks in Tiirkiye. The findings revealed that there was
a cointegration relationship between EC and EG. The structural
break year was found to be 2010 and it was seen that the effects of
the global economic crisis continued. When the long-term
coefficients are examined, a 1% increase in EC increases EG by
0.37%, 0.72% and 0.69%, respectively, according to DOLS,
FMOLS and CCR estimators. In addition, EC is the Granger cause
of EG. It was seen that the growth hypothesis is valid in Tiirkiye.
The establishment of policies that support the increase in energy
investments in Tiirkiye has the potential to contribute to a stable
economic growth.
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Oz
Petrol krizlerinin 1970°li yillardan sonra Diinya'y: bilyiik bir ekonomik
stkintya soktugu bilinmektedir. Bu krizler, enerji arziyla ilgili sorunlardan
kaynaklanmus olup, ekonomi ve enerji arasmdaki iliskiyi daha fazla tartisma
ortam olusturmustur. Bu donemde, ekonomistler arasinda enerji ve
ekonomik bilyiime kavramlan iizerine yapilan tartismalar artnugtr. Bu
calisma, EC (enerji tiiketimi) ve EG (ekonomik biiyiime) literatiiriindeki
tartismalara, biyofiziksel teorinin bakis agismdan  katkida  bulunmay
amaglamaktadir. Bu calismada, Tiirkiye'de 1970-2019 donemi icin EC'nin
EG iizerindeki etkisi ve EG'nin EC iizerindeki etkisini Zivot-Andrews
birimkok, Gregory-Hansen es-biitiinlesme, DOLS, FMOLS, CCR ve
Granger nedensellik analizi yontemleriyle incelenmistir. Bu yontemlerle
Tiirkiye'de yapsal kirilmalar dikkate almarak uzun donem iliskiler ve
nedensellik iliskilerinin - karmagik yapist  derinlemesine  incelenmistir.
Bulgular, EC ile EG arasinda es-biitiinlesme iliskisi tespit edilmistir. Yapilsal
kirilma yih 2010 bulunarak kiiresel ekonomik krizin etkilerinin devam ettigi
Qoriilmiistiir. Uzun donem donem katsaylarma bakildiginda EC'de
yasanacak %o1'lik bir artis DOLS, FMOLS ve CCR tahmincilerine gire
sirastyla %0.37, %0.72 ve %0.69 EG'yi arttirmaktadir. Ayrica, EC'nin
EG'nin Granger nedenidir. Tiirkiye'de biiyiime hipotezinin geerli oldugu
Qoriilmiistiir. Tiirkiye'de enerji yatmmlarmm  artmasim  destekleyen
politikalarm olugturulmas, istikrarl bir ekonomik bityiimeye katki saglama
potansiyeline sahiptir.
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1. INTRODUCTION

After the 1970s, the thesis of the infinity of energy resources and ease of transportation, which
was widespread in the world, disappeared when Organization of Arab Petroleum Exporting
Countries (OAPEC) members decided to reduce oil production. This decision taken in the 70s
led to a major economic crisis in the world. During this period, many countries experienced
economic contraction. After this crisis, the concepts of E (energy) and EG (economic growth)
have become more frequently mentioned together. When we go towards the origin of the
concept of energy in economic terms, it is seen that this issue has been around since the
physiocrats. Physiocrats believed that the basis of the economy was agriculture. In this context,
although the importance of energy in terms of economy is not directly related to energy
resources, they emphasised the importance of soil and water and thought that wealth would
be achieved through agricultural production. Therefore, they gave importance to energy
sources such as sun and wind, which affect agricultural production. It can be said that the
introduction of energy into economic theory is with the physiocrats (Ayres et al., 2013). When
the concepts of E and EG are examined together, it is seen that in classical growth theories,
labour and capital are focused on and energy resources are seen as intermediate goods and
they are not emphasized much. When considering why energy is not traditionally regarded as
a factor of production, it's due to the belief that economic growth and technological
advancements will prevent the depletion of natural resources, market failures will be rectified
by factoring in the costs of natural resources, and human-made capital will indefinitely replace
natural capital (Tartari, 2023; Cheng and Andrews, 1998). Towards the end of the 1980s,
biophysical economics came to the fore with its interdisciplinary and environmentalist
research. Biophysical economists emphasised the importance of energy for economic growth
and even stated that energy played a critical role in the industrial revolution. According to
Georgescu-Roegen (1976), one of the biophysical economists, energy is a fundamental factor
of production and when energy resources are depleted, growth may slow down or even stop
due to the inability to renew itself. Biophysical economists argue that inputs such as labour
and capital arise from the mobility of energy, i.e. the flow of energy. Therefore, they state that
energy consumption is very important in the productivity of both capital and labour factors
and that it contributes directly to production (Kennedy, 2022; Stern, 2010; Ockwell, 2008; Hall
and Klitgaard, 2006; Alam, 2006; Hussen, 2004). Energy dependence stands out as a
determining factor in the relationship between Tiirkiye's EC and EG. Turkiye is a country that
meets most of its Energy needs from external sources, especially fossil fuels such as oil and
natural gas. This high external dependence makes EG vulnerable to fluctuations in global
energy prices and geopolitical risks. Energy imports are an important component of the
current account deficit and can threaten macroeconomic stability. Therefore, it is critical for
Turkiye to increase energy supply security, invest in domestic and renewable energy resources
and improve energy efficiency in order to achieve its sustainable economic growth targets.
Reducing energy dependence not only helps stabilize EG but also makes the economy more
resilient to external shocks (Tosunoglu and Ugal, 2025; Gunes and Erol, 2024; Dam and
Sarkodie, 2023).

In this study, the effect of EC on EG and the mutual effects of EG on EC for the period 1970 to
2019 in Tiirkiye were examined within the scope of biophysical theory and examined using
Zivot-Andrews unit root, Gregory-Hansen cointegration, DOLS, FMOLS, CCR and Granger
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causality analysis methods. The relationship between EC and EG is approached from the
perspective of classical economics in the existing literature. However, this situation is
insufficient to explain the complex relationship between EC and EG. This study aims to make
an original contribution to the literature by examining the relationship between EC and EG
from the perspective of physiophysical theory by taking structural breaks into account. This
study consists of four main sections. The first section presents a literature review of the related
study. The second section outlines the methodological approach followed in the estimation
process. In the third section, the variables, data sets and the empirical model are introduced in
detail, the findings are presented and a comprehensive evaluation is made in light of the
findings of the analysis. The last section, the fourth section, summarizes the overall results of
the study and makes recommendations for policymakers in line with the findings.

2. LITERATURE REVIEW

In the reviewed literature, the pioneering study on EC and EG is the paper by Kraft and Kraft
(1978). This study analyzed the period 1950-1970 in the US economy using the Sims technique
and identified a unidirectional causal relationship from EG to EC. Subsequently, Yu and Jin
(1992) examined the 1974-1990 period in the US economy with cointegration and Granger
causality analysis methodsIn this paper, a unidirectional causal relationship was identified
from EC to EG.

Later on, Stern (1993) again chose a wider period of analysis, i.e. 1947-1990 in the US economy.
In this study, using Multivariate VAR and Granger Causality analyses, he found a
unidirectional relationship from EC to EG. Cheng (1995) and Stern (2000) also examined the
US economy with cointegration and Granger causality analyses. Cheng (1995) found a
unidirectional relationship from EG to EC, while Stern (2000) found a reciprocal causality
relationship between EC and EG.

The groundbreaking studies have been examined in the context of the US economy. It was
observed that time series analysis methods, especially cointegration and Granger causality
analyses, were used as methods. In the subsequent studies, cointegration (Johansen, ARDL,
Bayer-Hanck) and causality analyses (Granger, Toda-Yamamoto, Dolado-Liitkepohl) were
used. As for Lu (2017), co-integration and Granger causality analyses were applied again by
using panel data analysis method. In this study, EC and EG were found to be cointegrated. In
addition, a mutual causality relationship was also detected.

Upon reviewing the general characteristics of the literature, it is evident that cointegration and
causality relations between EC and EG have been extensively explored. Most studies involve
time series analyses, although there are some that utilize panel data analysis. While the
majority of studies conclude the existence of a long-run relationship between the variables, the
results of causality analysis vary depending on the regions studied. The main literature
summary of the reviewed literature is as follows;
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Table 1. Empirical Literature Summary
Author(s) Variables Countfy and Method Findings
Period
Kraft and USA . It is a pioneering work.
E P Methodol F
Kraft (1978) G GN 1947-1974 Sims Methodology, F test YSE
Yu and Jin USA Co-integration Analysis,
(1992) EC, GDP 1974-1990 Granger Casualiy Test E=Y
USA Granger Casualiy Test,
Stern (1993) EC, GDP 1947-1990 Multivariate VAR Analysis E=Y
USA Co-integration Analysis,
Chy 1995 EC, GDP Y—E
eng ( ) 1947-1990 Granger Casualiy Test -
USA Co-integration Analysis, E-Y
2 E DP
Stern (2000) GG 1948-1994 Granger Casualiy Test
Taiwan . EoY
Yang (2000) EC, GDP 1954-1997 Granger Casualiy Test
it
P])Eelf éagle: Indian Johansen Co-integration The variables are
Ghosh (2002) capita real 1950-1997 Analysis, G;angt;er Casualiy c01n;egrgted.
—
GDP ©
Shiu and Lam ELC, real Chinese 1971- ]ohan.sen Co—mtegratlon. The Yarlables are
2004 CDP 2000 Analysis, Granger Casualiy cointegrated.
( ) Test, ECM E—>Y
ELC, real Korean Co-Integration Analysis, EeY
Yoo (2005) GDP 1970-2002 ECM
per capita r . . Variables are
Narayan and ELC, Emp, Australia Cgr::effg;(;?lﬁ?a}r};s:' cointegrated.
Smyth (2005) per capita 1966-1999 8 y Y—E
real GDP Y— Emp
Zou and Chau Chinese 1953- Co-integration Analysis, oil consumptlon and
OC, EG . GDP are cointegrated.
(2006) 2002 Granger Casualiy Test FeY
(2007) GDP 1966-2002 VECM ELY
. . Variables are
Ang (2007) EC, COq, France VECM, Co-integration int ted
g GNP 1960-2000 Method comregratec.
E>Y
Lise and Van Lo . . . EC and GDP are co-
Tiirkiye Co-integration Analysis, .
Montfort EC, GDP 1970-2003 Granger Casualiy Test integrated.
(2007) 8 y YSE
Co-integration Analysis
Ciarreta and ELC, real Spain (Dolado-Liitkepohl and YSE
Zarraga (2009) GDP 1971-2005 Toda-Yamamoto), Granger
Casuality Test
Toda-Yamamoto
Bowden and USA .
Payne (2009) EC, real GDP 1949-2006 Casualiy Te.st, Granger E->Y
Casualiy Test
Gupta and )
India .
Sahu ELC, EG Granger Casualiy Test E->Y
(2009) 1960-2006
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Table 1. Empirical Literature Summary (Continued)
Count d
Author(s) Variables oun ry an Method Findings
Period
Vecchione ELC real Italy VECM, Granger Casualiy Y>E
(2010) GDP 1963-2007 Test
. Greece Toda Yamamoto Casuality
Tsani (2010) EC, real GDP 1960-2006 Test E->Y
Johansen Co-integration .
1 Pol Th 1
Gurgul and ELC, real oland Analysis, VECM, Granger ¢ .Varlab es are
Lach GDP 2010-2009 Casualiv Test cointegrated.
(2012) (quarterly) Y EoY
Co-integration analysis,
Yazdan and OC EG Iran ARDL. ECM. Graneer For the short run: Y-E
Hossein (2012) ’ 1980-2010 y BV Tange For the long run: E+Y
Casualiy Test
Th iabl
per capita ARDL Bounds Analysis, cf)i‘:tzafafj dare
Tang et al. ELC, per Portugal VECM, Co-integration Ei Y ’
(2013) capita real 1974-2009 Analysis, Granger Casualiy
GDP Test
Co-intecration analvsis Oil consumption and real
Park and Yoo OC, real Malaysia VECM (%ran or Cas}Lllali’ GDP are cointegrated.
(2014) GDP 1965-2011 s orang y ES Y
Test
Kyophilavong Thailand Bayer-Hanck Co- T}Zivr{atz;zteesdare
(2015) EC, FTD, EG 1971-2012 él;tigrajlgn AI}?IY;IS} E> Y
anger Casualiy Tes E¢s FTD
Salahuddin per capita . Zivot-Andrews Test, ARDL
ELC, per Australia .
and capita real 19852012 Bounds Analysis and Y->E
Alam (2015) GDP VECM
ELC and real GDP are co-
Germany and integrated.
Ikegami and ELC, real ]apa}r]1 ARDL Bounds Test, For Germany:
Wang (2016) GDP 1996:04-2015:02 Granger Casualiy Test Y->E
For Japan:
E>Y
IEC, real Taiwan Co-integration Analysis T}Zﬁza&l: dare
Lu (2017) GDP (Panel) and Granger & '
1998-2014 . E&Y
(Industry) Causality Test
Han (2022) REC, EG E7 counries Emlrmahmut9glu and Kose E&Y
1990-2018 causality test
Ornek and Tiirkiye
REC, E liy Test Y->E
Kabak (2023) C, EG 1990-2020 Granger Casualiy Tes >
Relationship Direction: “->” The direction of the one-sided relationship, “<>” bilateral relationship and “~+" It
represents unrelatedness.
Variable Abbreviations: Cap: Capital, CO2: Carbondiocixde, DEF: Deficit, EC: Energy Consuption, REC:
Renewable Energy Consuption, EG: Economic Growth, ELC: Electricity Consumption, Exp: Export, FD:
Financial Development, FTD: Foreign Trade Deficit, GDP: Gross Domestic Product, GNP: Gross National
Product, Imp: Import, IEC: Industrial Electricity Consumption, IT: International Trade, OC: Oil Consumption.
Methot Abbreviations: ECM: Error Correction Model, VECM: Vector Error Correction Model.

175



Tosunoglu, M. & Ugal, H. The Relationship of Energy Consumption and Economic Growth under Structural Break:
PIAR’2025/12(1) An Application on Tiirkiye

Hypothesis Abbreviations: CH: Conservation Hypothesis, FH: Feedback Hypothesis, GH: Growth
Hypothesis, NH: Neutrality Hypothesis.

Although numerous empirical studies have investigated the causal relationship between
energy consumption (EC) and economic growth (EG) in various countries using diverse
econometric methods, most of them have approached this nexus through the lens of classical
economic theory, often assuming linear and stable relationships over time. Moreover, only a
limited number of studies have focused specifically on Tiirkiye, and those that do (e.g., Lise
and Van Montfort, 2007) generally overlook structural breaks, energy dependency dynamics,
and evolving global energy market conditions. Additionally, the literature predominantly
treats energy as an economic input, without adequately considering the broader ecological
and systemic implications of consumption patterns. In this context, there remains a significant
gap in the literature regarding the examination of the EC-EG relationship in Tiirkiye by
incorporating both structural breaks and the biophysical perspective, which considers the
physical limits and environmental consequences of energy use. This study addresses this gap
by employing advanced time-series methods that account for structural shifts while
reinterpreting the EC-EG link within a biophysical theoretical framework, offering a more
comprehensive and context-sensitive understanding of the Turkish case.

3. METHODOLOGY
3.1. Zivot-Andrews (ZA) Unit Root Test

Unlike Perron (1989), where the structural break is exogenously determined, Zivot-Andrews
(ZA) test is a unit root test designed to detect a single structural break, allowing for
endogenous identification of the structural break. The observation where the smallest t-
statistic is obtained is determined as the break time. The ZA unit root test is estimated based
on three models. Model A refers to a structural break at the level, Model B at the slope and
Model C at both the slope and level (Zivot and Andrews, 1992: 254).

If the t-statistic value obtained from the one-tailed t-test is less than the ZA critical value
computed by Zivot and Andrews (1992), the null hypothesis of a unit root in the presence of a
structural break is rejected.

Equations (1), (2), and (3) present Model A, Model B, and Model C as follows (Zivot and
Andrews, 1992:254):

Model A: y, = p+ B¢ + aye_1 + 0,:DU(@) + X ciAy—; + e 1)
Model B: y; = p+ B¢ + aye_q + 0,DT(9) + XF 1 cidye_; + e )
Model C: y, = p+ B, + ayi_q + 6,DT (@) + 6:DU(p) + Xfy ciAy,_; + e 3)

In the equations, t =1,2.., T is the time, Ty is the break time and t = Ty /T is the break point. In
addition, DU, is the dummy variable representing the break in the mean, and DT; is the
dummy variable indicating the break in the trend. Explanations of these shadow variables are
given below;

_(1=+t>TB
DUt_{O — other
t—TB) »t>TB
DT=(
¢ { 0 —> other
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DU; denotes the break in the mean in the constant term, which takes the value 1 when t>TB
and 0 in other cases. DU; denotes the dummy variable for the break in the trend, which takes
the value t —TB when t > TB and 0 otherwise. The addition of Ay,_; to the equations is
intended to address the potential autocorrelation issue that may arise in the error terms.

3.2. Gregory-Hansen Cointegration Test

The co-integration test devised by Gregory and Hansen (1996) is a test that endogenously
identifies the structural break and permits a single structural break. In this test, the long-run
relationship between the time series is investigated based on three different models. Model 1
refers to constant break (C), Model 2 refers to constant break with trend (C/T) and Model 3
refers to regime change (C/S). The explanations for Model 1, Model 2, and Model 3 are
provided as follows (Gregory and Hansen, 1996: 103):

Model 1 (C):

Yie = My + @ + aTyp + & t=1..,n 4
Model 2 (C/T):

Yie = My + @ + Bt + Ty + & t=1..,n ®)
Model 3 (C/S):

Vit = My + @ + @] Vor + a3 V2004 + & t=1,..,n (6)

In these equations, p; and p,are the same as the model showing the break in the constant.
Here, a; represents the slope coefficient before the break, whereas a, denotes the change in
the slope coefficient after the break (Gregory and Hansen, 1996: 103).

The date at which the Phillips test statistics and ADF test statistics calculated for the above
three models are minimum is determined as the appropriate break point of the cointegration
test (Gregory and Hansen, 1996: 106).

The test statistics determined according to the above models are compared with the table
critical values determined according to the number of variables in Gregory and Hansen's 1996
study and accordingly, the alternative hypothesis that there is a co-integration relationship
between the series with one structural break is tested against the hypothesis that there is no
co-integration relationship between the series.

3.3. FMOLS, DOLS, CCR

As a conclusion of the Gregory-Hansen test, long-run and short-run relationships will be
investigated in this section using specific methods. In the study, DOLS, FMOLS and CCR
cointegration methods, in which structural breaks can be included in the analysis as dummy
variables, are used. FMOLS, CCR, and DOLS cointegration methods, similar to traditional
cointegration methods, rely on the assumption that the series utilized are stationary in
difference. The standard errors of the coefficients of a model estimated by the traditional ECM
method are biased. Therefore, DOLS (Dynamic Ordinary Least Squares), FMOLS (Fully
Modified OLS), and CCR (Canonical Cointegrating Regression) cointegration methods are
employed to estimate and interpret the long-run coefficients of the independent variables once
the cointegration relationship is identified. The DOLS estimator developed by Stock and

177



Tosunoglu, M. & Ugal, H. The Relationship of Energy Consumption and Economic Growth under Structural Break:
PIAR’2025/12(1) An Application on Tiirkiye

Watson (1993) is proficient in mitigating the biases stemming from the endogeneity issue
between the independent variables and the error term. Conversely, the FMOLS estimator
developed by Hansen and Phillips (1990) is adept at alleviating biases arising from both
endogeneity problems and collinearity between the independent variables and the error term.
The CCR estimator developed by Park (1992) is an estimator used to eliminate the deviations
arising from the traditional ECM method. The CCR estimator uses the long-run covariance
matrix of the variables transformed with the long-run covariance matrix to eliminate the
deviations in the EKK method, and the reason for this is to asymptotically eliminate the
endogeneity arising from correlation in the long run (Mehmoo et al. 2014: 9).

3.4. Granger Causality Analysis

Granger causality analysis is a test that tries to understand the relationship between two time
series by using the past values of the series. Therefore, Granger causality analysis is obtained
by utilising the Vector auto-regressive (VAR) model as follows;

Yi = ap + Zi‘;ll a;Yi_; + Zf=21 BiXi—i + & (7)
Xt=7vo+ Zf’=31 YiYVe—i + 2?31 6iXe—i + D¢ 8)

Xand Y are two stationary time series, o and y are the constant terms, &; and @, are the error
terms with white noise process and kj, j=(1,2,3,4) represent the maximum lag lengths
determined by the VAR method in each time series.

According to Granger (1969), if incorporating past values of X when forecasting Y yields
superior results compared to not incorporating them, then X is deemed to be the Granger cause
of Y. In this case, the direction of Granger causality is from X to Y and is unidirectional.
Simultaneously, if employing past values of Y when forecasting X yields superior outcomes,
then the relationship is bidirectional. If, however, X is not a Granger cause of Y, and likewise,
Y is not a Granger cause of X, then the two variables are statistically independent.

4. EMPIRICAL ANALYSIS RESULTS
4.1. Model and Data Set

The logarithmic form of real GDP (=2010 US$) and total final electricity consumption (gwh)
1970-2019 annual data are used in the study. Real GDP data are sourced from the World Bank
Development Indicators (WDI), while total final electricity consumption data are sourced from
the World Energy Council Turkish National Committee (WECT) balance tables. The analyses
were conducted using Eviews 10 software. The models used to estimate the relationship
between the relevant variables are as follows:

InGDP = f(InEC) 9
InEC = f(InGDP) (10)

While InGDP is the natural logarithm of real GDP, InEC is the natural logarithm of total final
electricity consumption. The reason for using the natural logarithm of the variables in the
model (double-log model) is both to minimise the scale and because the estimated coefficients
can be interpreted as elasticity. The graphs depicting the variables utilized in the model are
presented below:
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In this research, ADF and PP unit-root test conclusions for real GDP and total final electricity

consumption variables in logarithmic form for

Tiirkiye for the years 1970-2019 are as follows:

Table 2. Augmented DF and Phillips-Perron Unit-Root Test Results

Augmented Dickey-Fuller Phillips-Perron
Trend & Trend &
Variable None Intercept ren None Intercept ren
Intercept Intercept
Lnec 3,59 -3,84* -1,59 7,39 -4,10* -1,59
(0,99) (0,0047) (0,7814) (0,99) (0,00) (0,78)
7,71 -0,12 -2,68 7,94 -0,12 -2,81
Lngdp
(0,99) (0,9407) (0,25) (0,99) (0,94) (0,20)
Alnec -1,53 -5,09* -6,14* -2,49%* -5,06* -6,08*
(0,12) (0,00) (0,00) (0,01) (0,00) (0,00)
-2,40%* -4,80* -4,79* -3,74* -6,70* -6,62*
Alngdp
(0,02) (0,00) (0,00) (0,00) (0,00) (0,00)
Notes: When determining the lag number of the ADF test, the maximum lag number is taken as 2 and the t-
statistic criterion at 10% significance level is used, Values in parentheses are probability values, *, ** and ***
denote critical values at 1%, 5% and 10% significance levels, respectively, In the PP test, "Bandwidth" was
determined according to the Newey-West method and Barttlet Kernel estimator was used.
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When the ADF and PP results are evaluated, when the level values of the total final electricity
consumption variable in logarithmic form are considered, it is observed that the series contains
unit root for the model without constant term-without trend and with constant term-with
trend, while the series is stationary for the model with constant term. When the level values of
the real GDP variable are analysed, it is observed that the series contains unit root in all three
models. When the difference values of the two variables are analysed, it is found that the
variables are stationary in their first differences in all three models. A unit root process in a
series may arise from a structural break in that series. In the following section, it will be

investigated whether there is a unit root process arising from any structural break.

Table 3. Zivot-Andrews Test Results

Variable Model A (t-isty | Model ABreak |y gl (tisy | Model € Break
Time Time
Lnec -3,25 1986 -3,30 2008
Ingdp -3,82 2011 -4,11 1999
Alnec -6,83* 1978 -7,01* 1986
Alngdp -5,25%* 2004 -5,26** 1983
Critical Values Model A Critical Values Model C Critical Values
%1 -5,34 -5,57
%5 -4,93 -5,08
%10 -4,58 -4,82
Notes: t-ist, denotes t-statistic values, *, ** and *** denote critical values at 1%, 5% and 10%
significance levels, respectively, For the related critical values, see Zivot and Andrews (1992),

Model A examines the break in the series' constant, while Model C assesses the break in both
the series' constant and trend. Based on these findings, the test statistic values for both Model
A and Model C series surpass the critical values at various significance levels. Consequently,
for both Model A and Model C, the null hypothesis of a unit root in the presence of a structural
break in the logarithmic series of total final electricity consumption and real GDP cannot be
rejected at significance levels of 1%, 5%, and 10%. This implies that the variables possess a unit
root at their level values when a structural break is considered. However, when examining the
differenced values of these variables, which exhibit a unit root under structural break, the test
statistic values for both Model A and Model C series fall below the critical values.
Consequently, for both Model A and Model C, the null hypothesis that a unit root exists when
a structural break is present is rejected at a significance level of 1% for total final electricity
consumption and 5% for real GDP. In other words, the variables exhibit stationarity in their
differenced values under a structural break. When considering the results of the ADF, PP, and
Zivot-Andrews tests together, it can be concluded that the logarithmic form series of total final
electricity consumption and real GDP, denoted as "Ingdp" and "Inec" respectively, are
integrated of order one, or I(1). These findings indicate the potential application of the
Gregory-Hansen structural break cointegration technique.
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Table 4. Gregory-Hansen Cointegration Test Results

g ADF Critical Values
Dependent
Model
Variable ode
Break Time ADEF Stat %1 %5
Break in
Constant (C) 2009 -3,82 (2) -5,13 -4,61
Break in
Ingdp Constant and 2010 -5,29 (3) -5,45 -4,99
Trend (C/T)
Regime Change
2006 -4,51 (2 -5,47 -4,95
(C/5) @)
Break in
2009 -3,68 (2 -5,13 -4,61
Constant (C) @
Break in
Inec Constant and 2011 -3,29 (0) -5,45 -4,99
Trend (C/T)
Regime Change
2006 -3,97 (2 -5,47 -4,95
(©s5) @
Notes: See Gregory and Hansen (1996:109) for the related critical values, The values in parentheses indicate
the number of lags selected by the Akaike Information Criterion,

The table above presents the results of the Gregory-Hansen cointegration analysis, which
focuses on endogenously determined and structurally break-integrated relationships. Based
on the findings, when the dependent variable is "Ingdp," the hypothesis of no cointegration
relationship under a structural break is rejected for the model with a break in both the constant
and trend (C/T), as the computed minimum absolute ADF statistic is greater than the critical
value at the 5% level. Thus, the alternative hypothesis indicating a cointegration relationship
with a structural break is accepted. However, the fundamental hypothesis indicating no
cointegration between series cannot be rejected for the models with a break only in the
constant (C) and with regime change (C/S). For the dependent variable "Inec," the computed
minimum absolute ADF statistic is smaller than the critical values, implying that the
fundamental hypothesis of no cointegration between series cannot be rejected. According to
the analysis results, it is possible to infer the existence of a long-term co-integration
relationship between real GDP and total final electricity consumption based on the available
data. Consequently, when the dependent variable is "Ingdp," the coefficients for both long-
and short-term cointegration can be estimated. In the conducted study, while performing the
long-term analysis, the breakpoint obtained from the Gregory-Hansen cointegration test was
included in the model as a structural break dummy variable. The breakpoint used in the model
was determined based on the conclusions of the Gregory-Hansen cointegration analysis,
reflecting the specific breakpoint where the cointegration relationship exists. This dummy
variable was constructed according to the 2010 breakpoint: it was set to zero for years up to
the breakpoint and set to one for the subsequent years. The following table presents the
coefficients obtained by using DOLS, FMOLS and CCR cointegration estimators when Ingdp
and Inec are the dependent variables and when both are independent variables.
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Table 5. Long Run Cointegration Coefficients Results

DOLS FMOLS CCR
Depe.ndent Inec d1 Lnec di1 Inec di1
Variable
Lned 0,368* 0,008 0,716* 0,032* 0,689* 0,030*
8P (0,01) (0,34) (0,00) (0,00) (0,00) (0,00)

Notes: The values in parentheses indicate the probability value and *, ** and *** indicate that the coefficients
are statistically significant at 1%, 5% and 10% significance levels, respectively, The autocorrelation problem
in the estimation is solved by differencing, In the analysis, d1:2010 is taken as a dummy variable,

When the long-run cointegration coefficients in the table above are analysed; while
logarithmically real GDP is the dependent variable and aggregate final electricity consumption
is the independent variable, according to the DOLS, FMOLS and CCR results; the long-run
coefficient of EC against EG variable is statistically significant. In the long run, there exists a
positive relationship between the variables. In Tiirkiye, a 1% increase in EC increases EG by
0,37%, 0,72% and 0,69% respectively. Our dummy variable used in DOLS, FMOLS and CCR
cointegration analysis is statistically significant. The Gregory-Hansen cointegration method

indicates that there were significant changes in the Turkish economy in 2010. When the
developments in 2010 are analysed, the Mortgage Crisis, which deeply affected the world
economy, and the global financial crisis that occurred between 2007 and 2008 come to the fore.
The effects of this global multinational financial crisis were experienced between 2007 and
2010. The structural breakpoint of 2010 identified in the study can be evaluated as an important
turning point for the Turkish economy. This date coincides with a period when significant
transformations were experienced in Tiirkiye’s energy policies and economic structure. After
2010, developments such as strategic investments aimed at increasing energy supply security,
acceleration of renewable energy projects and activation of energy efficiency policies were
observed in Tiirkiye. In addition, 2010 was a period in which recovery after the global financial
crisis and growth driven by domestic demand came to the fore in economic growth dynamics.
The determination of the structural break shows that the relationship between EC and EG
gained a different dynamic from this date onwards and the effect of energy use on growth in
the economy became stronger. Therefore, the structural break of 2010 can be interpreted as a
statistical reflection of structural changes experienced in Tiirkiye’s energy economy policies
and economic growth model. In this context, the methodology of the study that takes
structural breaks into account makes an important contribution in terms of revealing the
sensitivity of the Turkish economy to periodicity and policy changes. The short-run analysis
was carried out within the framework of the error correction model, using the differenced
series and the one-period lagged value of the error term series (ECTt1) obtained from the long-
run analysis, again with DOLS, FMOLS and CCR methods. The coefficients obtained from the
short-run analysis are presented in the table below.
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Table 6. Error Correction Model Coefficients Results

DOLS FMOLS CCR

D

epe.ndent Alnec ECTe Alnec ECTe1 Alnec ECTt1

Variable

Alned -0,33 0,49 0,20%** -0,30** 0,24** -0,69*

SR I (-7 (0,33) (0,07) (0,04 (0,04 (0,00)

Notes: The values in parentheses indicate the probability value and * and ** indicate that the coefficients are
statistically significant at 1% and 5% significance level, respectively,

When the error correction coefficients (ECTw1) in the table above are analysed, it is seen that
the coefficient of the ECT for FMOLS and CCR is negative (between -1 and 0) and statistically
significant, i.e. the error correction mechanism works. When the results obtained according to
the DOLS method are evaluated, the error correction model does not work for the DOLS
method since the calculated error correction term is statistically insignificant. Based on the
FMOLS and CCR results, according to the FMOLS estimator, a short-run deviation between
the variables that move together in the long-run is eliminated after 3,33 (1/0,30) years and
reaches the long-run equilibrium, while according to the CCR estimator, a short-run deviation
between the variables that move together in the long-run is eliminated after 1,44 (1/0,69) years
and reaches the long-run equilibrium. During the VAR-Granger causality test, stability of
roots, stationarity, autocorrelation and variance tests were performed while determining the
appropriate VAR model. For the stationarity of the series, the difference was taken and
continued. In the selected appropriate var model (2 lagged model), there is no autocorrelation
and changing variance problem and the roots are stable. Granger causality test results are as

follows:
Table 7. Granger Causality Test Results
. Independent . Direction of the
Dependent Variable Variable Chi-sq Relationship
7,21%*
Alngd Al ’
ngdp nec 0,03)
0,55 E->Y

Alnec Alngdp (0.76)

Notes: Values in parentheses denote probability values and *, ** and *** denote crit, values at 1%, 5% and 10%

significance levels, respectively,

Based on the results of the Granger Causality Test, there is evidence of a Granger causality
relationship from EC to growth at a significance level of 5%, while no such relationship is
observed from growth to EC. Considering both results together, it can be concluded that the
growth hypothesis holds true with the available data for the period 1970-2019 in Tiirkiye.

5. CONCLUSION

The concept of energy is approached from various perspectives within economic theories. In
neoclassical theory, energy has been considered an intermediate good and not directly treated
as a primary factor of production. The rationale for not regarding it as a factor of production
stems from the belief that economic growth and technological advancements would preempt
the possibility of resource depletion. In essence, they assert that human-made capital can
infinitely substitute for natural capital. Within the framework of endogenous growth theory,
energy is also treated as an intermediate good, yet the theory acknowledges that the
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substitutability of energy is limited. It emphasizes that technological advancements should
lower energy costs, making energy utilization more efficient. The theory suggests that growth
could be constrained without adequate energy, underscoring its paramount significance for
sustainable growth. Contrastingly, the biophysical theory provides a distinct perspective,
asserting that energy plays a vital role in economic growth, even pinpointing the pivotal role
of energy in driving the Industrial Revolution. From the viewpoint of biophysical economists,
such as Roegen, energy is deemed a fundamental production factor. Roegen argues that since
energy resources are non-renewable, growth may decelerate and even halt as these resources
are depleted. This study investigated the relationship between EC and EG from the
perspective of biophysical theory. The biophysical theory, which considers energy as a
fundamental production factor, posits that the impact of energy on the economy is more direct.
In models formulated within this theory, the relationship between EC and EG has been directly
examined through two variables. Total final electricity consumption has been used for the EC
variable, and real GDP for economic growth. Taking structural breaks into account, the
Gregory-Hansen cointegration result indicates that at a 5% significance level, a cointegration
relationship is identified when the dependent variable is growth. The test determines the year
2010 as the breakpoint. To estimate the long-term and error correction coefficients, DOLS,
FMOLS, and CCR estimators were utilized (with the breakpoint from the Gregory-Hansen test
included as a dummy variable in the models). According to DOLS, FMOLS, and CCR results,
the statistically significant long-term coefficient of EC on EG implies a positive relationship in
the long run. A 1% increase in EC in Tiirkiye corresponds to an increase of 0,37%, 0,72%, and
0,69% in real GDP, respectively. The dummy variable employed in the DOLS, FMOLS, and
CCR cointegration analyses is statistically significant. The identified year of 2010 through the
Gregory-Hansen cointegration method points to significant changes in the Turkish economy.
When considering the events of 2010, the global financial crisis that deeply impacted the world
economy, notably the Mortgage Crisis occurring between 2007 and 2008, comes to the
forefront. The repercussions of this multinational financial crisis were felt between 2007 and
2010. The 2010 structural break marks a key turning point for Tiirkiye’s economy, reflecting
significant shifts in energy policies and growth dynamics. Post-2010, Tiirkiye accelerated
investments in energy security, renewables, and efficiency, coinciding with recovery from the
global financial crisis and a shift toward domestic-demand-driven growth. This break
indicates a stronger, evolving link between energy consumption and economic growth,
underscoring the importance of accounting for structural changes in economic analysis.
Depended on the error correction model results for FMOLS and CCR, according to the FMOLS
estimator, a short-term deviation between the variables that move together in the long-run is
eliminated after 3,33 (1/0,30) years and reaches the long-run equilibrium, while according to
the CCR estimator, a short-term deviation between the variables that move together in the
long-run is eliminated after 1,44 (1/0,69) years and reaches the long-run equilibrium. In
addition, according to the results of the Granger Causality Test, there is a Granger Causality
relationship from EC to growth at 5% significance level, while there is no Granger Causality
relationship from growth to EC. When the two results are evaluated together, it is concluded
that the growth hypothesis is valid with the available data for the period 1970-2019 in Tiirkiye.
The findings of this study reveal that the growth hypothesis is valid in Tiirkiye. In other words,
EC is the Granger cause of EG and there is a unidirectional and positive relationship between
them. This result indicates that an increase in EG does not drive energy consumption; on the
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contrary, EC drives EG. This finding is in line with the growth hypothesis put forward in
studies such as Bowden and Payne (2009), Ang (2007), Tsani (2010), Ho and Siu (2007), Park
and Yoo (2014) and Gupta and Sahu (2009), which find that EC determines EG through
Granger causality. Moreover, while the study by Lise and Van Montfort (2007) found a
causality from EG to EC in Tiirkiye, the fact that this study found a causality from EC to EG
can be explained by the updated data set, the consideration of structural breaks and the use of
the biophysical theoretical framework. On the other hand, this finding, which contradicts
studies such as Zou and Chau (2006) that suggest that there is no causality between EC and
EG, suggests that EC may play a determinant role on EG in highly energy-dependent
economies such as Tiirkiye, and emphasizes that causality relationships may differ on the basis
of country-specificity. One of the most important limitations of this study is that the analysis
period is limited to the years 1970-2019. In particular, the fact that the effects of the COVID-19
pandemic that emerged after 2019 on economic growth and energy consumption have not yet
been fully evaluated restricts the study from reflecting current dynamics. In addition, the
difficulties experienced in obtaining up-to-date, consistent and comparable energy
consumption data during the pandemic process caused the analysis period to end in 2019. In
this context, studies to be conducted with more up-to-date data sets that include the effects of
the pandemic and subsequent processes in the future will reveal the relationship between EC
and EG in Tiirkiye in a more comprehensive and up-to-date manner. In conclusion, when the
results are collectively evaluated, it is observed that EC is the Granger cause of growth and
validates the growth hypothesis model established for Tiirkiye. These findings highlight the
significant impact of the relationship between EC and EG in the case of Tiirkiye. Overall, these
results indicate that energy incentive policies that policymakers can implement would serve
as a supportive factor for economic growth. Policies aimed at increasing energy efficiency,
measures promoting the use of renewable energy sources, and initiatives facilitating energy
savings can promote economic growth and support sustainable development. Therefore,
designing and implementing energy policies in line with economic growth objectives will be
an important strategy.
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