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ANALYSIS OF COINTEGRATION AND
CAUSALITY BETWEEN INDICATORS OF
ECONOMIC GROWTH AND ENERGY EFFICIENCY
OF EUROPEAN COUNTRIES

ABSTRACT

In modern conditions, when European countries have set themselves an extremely am-
bitious goal of reducing greenhouse gas emissions by at least 55% by 2030 compared
to 1990 levels, it is important to analyze the cause-and-effect relationships between key
indicators of energy efficiency of national economies and economic growth, the nature
of their influence on each other. The article analyzes cointegration and causal relation-
ships between panel data that determine the economic development and energy effi-
ciency of 38 European countries for the period from 1995 to 2021. Stationary time series
were analyzed for causality using the Dumitrescu Hurlin test, which, compared to the
classical Granger test, more accurately takes into account the structure of panel data,
namely cross-sectional relationships. The annual GDP growth rate has driven the inten-
sity of CO2 emissions. For pairs of time series with the first level of integration, in the
case of cointegration between them, a Vector Error Correction Model (VECM) was used
to determine the type of long-term behaviour of the variables with their short-term
feedback. Long-term causality was found from GDP per capita to the level of primary
energy intensity of European countries. Exports of goods and services have proven to
be a long-term cause of domestic consumption of natural gas and solid fossil fuels.
Bidirectional long-term causality was found only between primary energy consumption
and exports. It should be noted that in all short-term and long-term cause-and-effect
relationships obtained in the article, economic development indicators are the cause for
energy efficiency indicators. This signals that the level of energy efficiency of the Euro-
pean economy is determined to a large extent by the economic development of Europe
in previous periods. ARDL models can be used to analyze causal relationships between
time series that have different levels of integration.

Keywords: Causality, VECM, Granger causality, long-run equilibrium, energy intensity
of the economy, economic development, co-integration, European countries

JEL Classification: F43, K32, C01, C32

INTRODUCTION

The European Climate Law legally establishes the objective outlined in the European
Green Deal, which aims to make the European economy carbon-neutral by 2050. Fur-
thermore, this law mandates a significant reduction in greenhouse gas emissions, tar-
geting a decrease of at least 55% by 2030 compared to 1990 levels. Achieving such
ambitious targets necessitates the creation of effective programs aimed at enhancing
the energy efficiency of European economies. In today's context, where discussions
often revolve around how heightened energy efficiency requirements for national econ-
omies impact economic growth, it becomes crucial to analyze the cause-and-effect re-
lationships between key indicators that characterize these processes and to discern the
nature of their mutual influence.

In the last forty years, Europe's overall energy consumption has remained relatively
stable, hovering at approximately 1,300 million tons per year. Nevertheless, the scenario
undergoes a substantial transformation when examining the energy required to gener-
ate one unit of gross domestic product (GDP). This indicator has witnessed a remarkable
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decline of 43.3 per cent between 1980 and 2021 (Cevik et al.,2023). This is the result of the introduction of more energy-
efficient production technologies and increased energy efficiency of consumer goods and services. The concern for ensur-
ing an adequate level of energy supply to European countries and efforts to transition to a more efficient, safe and
diversified energy system has created a very favourable context for the development of energy-efficient technologies.
Although the situation looks favourable, there are still significant differences in the level of energy efficiency of different
countries and Europe is no exception. Even countries with very high energy efficiency indicators may not fully realize their
potential in this area. All this determines the need for a more detailed study of the problem of the relationship between
economic development and energy efficiency of the national economies of European countries, determining cause-and-
effect relationships between them, which would allow for the formation of long- and short-term programs for reforming
the energy supply systems of European countries.

Many scientific papers have been devoted to answering this question. The findings of Almozaini et al. (2019) indicate the
presence of both unidirectional and bidirectional Granger causality between the variables representing economic growth
and energy consumption. Kirikkaleli et al. (2018) confirmed the inverse relationship between electricity consumption and
Internet demand, as well as the one-way causality between economic growth and electricity consumption in OECD coun-
tries.

Shahateet et al. (2014) determined the relationship between economic growth and energy consumption in Jordan for the
period 1970-2011 based on neoclassical productivity theory, which considers capital, labour and energy as separate factors
of production. The analysis confirmed the existence of one-way Granger causality from GDP to energy consumption.
According to the authors, this unidirectional causality provides empirical evidence that Jordan is a less energy-dependent
economy and is consistent with government policies aimed at increasing energy prices and reducing public demand for
energy consumption mainly to reduce government budget deficits and external debt. However, the Granger test will not
be enough to draw such conclusions.

Bayar et al. (2019) analyze the impact of energy efficiency and renewable energy on economic growth in emerging econ-
omies over the period 1992-2014 using a cointegration test and a Dumitrescu and Hurlin causality test. The existence test
of cointegration shows that energy efficiency has a positive impact on economic growth in the long run, while renewable
energy has no significant impact on economic growth in the long run. In addition, the causality analysis revealed a one-
way causal relationship from both energy efficiency and renewable energy use to economic growth in the short term.
Andrei et al. (2017) demonstrated that the existing trends in the growth of energy demand in the European Union are
clearly expressed, which dictates the need to improve the concepts of energy supply to national economies and optimize
energy efficiency. The factors that disturb the equilibrium of the system in the long term have been shown to be primary
renewable energy production and, to a lesser extent, renewable energy. Ifa et al. (2022) confirmed the presence of
cointegration between economic growth, renewable and non-renewable energy, public spending in eight Southern Medi-
terranean countries, which indicates the existence of a long-term relationship. Short-term causal relationships were found
in all analyzed countries.

Taking into account, in addition, that the improvement of energy efficiency and the use of renewable energy sources have
been identified as key measures to solve the problem of environmental and climate change, the problem of determining
the nature of the cause-and-effect relationships between energy efficiency and economic development has significant
theoretical and applied importance today.

LITERATURE REVIEW

Many scientific publications are devoted to the problems of studying the nature of the relationship between indicators of
economic development and energy efficiency. In scientific literature, economic development is typically linked to a rise in
greenhouse gas emissions. Within this context, a common question arises: is it feasible to attain sustainable economic
development while simultaneously enhancing the energy efficiency of the economy, which, in turn, is linked to a decrease
in greenhouse gas emissions?

Bao-Linh Tran et al. (2022) and Hussain et al. (2021) examined the causal relationship between GDP and energy con-
sumption in different countries by means of Granger causality tests on the base of the Vector Error Correction Model
framework. The primary conclusion emphasized the presence of a GDP threshold, at which the influence of GDP on energy
consumption and the direction of causality regarding energy consumption growth are contingent on the initial gross do-
mestic product level. In Pakistan, for instance, economic growth is associated with increased energy consumption. The
same result was obtained by Mohd et al. (2020), indicating that over an extended period, the utilization of renewable
energy sources has the potential to decrease carbon dioxide (CO2) emissions. Nevertheless, prolonged economic and
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population growth might lead to increased CO2 emissions in the long run. In the short term, the findings imply that
increased overall economic growth may lead to higher CO2 emissions. Conversely, higher population growth and greater
utilization of renewable energy could play a role in reducing CO2 emissions in the short term.

Alam et al. (2020) assert that economic growth, trade openness, and technological progress have a substantial influence
on the long-term utilization of renewable energy in OECD countries. While the long-term relationship among these variables
seems to be consistent across OECD countries, their short-term dynamics exhibit variation, that can be attributed to
differing levels of economic openness and technological developments among OECD nations.

The results obtained by Kirikkaleli et al. (2018) indicate a positive relationship between electricity, Internet demand and
economic growth in OECD countries in the long run. The DH causality results verified the causality between electricity
consumption and Internet demand and the one-way causality from economic growth to electricity consumption.

Abbas et al. (2020) explore the relationship between energy consumption in agriculture and CO2 emissions in China. Based
on China's annual data the study used the ARDL model. The analysis showed that there is a two-way causal relationship
between agricultural production and CO2 emissions. The results indicate that the Chinese government should change its
agricultural development strategy and focus more on energy-efficient technologies, which will improve the energy intensity
of the economy.

Rajaguru et al. (2021) found compelling evidence of both long-term and short-term causal relationships between economic
growth and energy consumption, specifically in terms of energy intensity. This causal link was confirmed in most of the
countries included in their sample. The study also highlights the growing significance of energy efficiency policies on a
global scale. The research outcomes indicate that, for the majority of these countries, there is a moderate decrease or
increase in energy consumption as income levels rise. Consequently, reducing energy consumption plays a crucial role in
diminishing the demand for available energy resources, including fossil fuels.

Gholizadeh et al. (2020) showed that GDP has a direct relationship with all variables, namely, capital, labour and energy
consumption, and an increase in these independent variables entails an increase in each of the dependent variables.
Kyshakevych et al. (2023) on the basis of constructed panel regression models for 38 European countries, generally
confirmed the modern-day thesis that economic development can be achieved while reducing greenhouse gas emissions.

Kiigliksakarya (2021) examines the relationship between financial development and economic growth of OECD countries.
The outcomes of the causality test demonstrated that, even among countries with a high level of development within the
examined panel, financial development remains a fundamental factor for their economic growth. The study's findings offer
compelling evidence of the connection between economic growth and financial development, considering the diverse range
of countries in the sample, which had varying degrees of financial development and GDP per capita growth.

AIMS AND OBIJECTIVES

In this research, we aim to analyze the existence of long- and short-run relationships and causality between indicators of
economic growth and energy efficiency of European countries.

Objectives of the article are the following:

= verification of the existence of causality between pairs of stationary indicators of economic development and energy
efficiency of European countries;

= checking the presence of cointegration between indicators of economic development and energy efficiency;

= construction of VECM models to check the existence of a long- and short-run relationship between co-integrated
indicators of economic development and energy efficiency.

METHODS

To establish the nature of the relationship between energy efficiency indicators and economic growth, we will use the
Granger causality test. This test of causality between time series was developed in 1969 (Granger, 1969). The Granger
test implements the idea that the time series will cause changes in the time series if changes in values precede changes
in the values of the time series, and in addition, makes a significant contribution to forecasting values. The Granger
causality test is performed in relation to stationary time series. In the case of panel data, the Granger test will involve
estimating the parameters of the following pair of regressions:
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where Xy and Y, - observations of two stationary variables for country | in time period t.

The null hypothesis will be that the coefficients at the lags of the second variable will all be equal to zero at the same time.
Mutual independence is also possible when both groups of coefficients are statistically insignificant.

EViews offers two approaches to causality testing for panel data. The first approach treats the panel data as one large
stacked data set and then performs a Granger causality test in the standard way, except that data from one cross-section
are not included in the lagged values of data from subsequent cross-sections. This method assumes that all coefficients
are the same for all cross sections, that is:

al = al, (3)
bi = b, )

The second approach, developed by Dumitrescu-Hurlin (2012), is based on a completely opposite assumption, allowing all
coefficients to be different in different cross-sections: and . The lag n is assumed to be the same for all cross-sections and
the panel should be balanced (Lopez et al., 2017). This test is implemented by conventional estimation of standard re-
gression parameters and Granger causality analysis for each cross-section (country) separately.

The prerequisite for applying the Granger test is the stationarity of time series. Statistical data describing the energy
efficiency and macroeconomic indicators of 38 European countries for the period from 1995 to 2021 were used to construct
panel regression models (see Table 1). For this, statistical resources such as Enerdata, World Bank, World Energy & Climate
Statistics — Yearbook 2023, Eurostat were used.

Table 1. Variables used to build VECM models.

Energy efficiency indicators

EI Energy intensity (Megajoules per 2017 purchasing power parity gross domestic product in USD).
EL_PC Per capita production of gross electricity. (Kilotonnes of oil equivalent)

ELS Final consumption of Electric power per capita (GWh)

CO_GDP Intensity carbon dioxide emissions (Kilograms per Purchasing Power Parity USD of GDP)
C_ENER Primary energy consumption (Mtoe)

C_ENER_PC

Primary energy consumption per capita (Mtoe)

C_ENER_ALL_PC

Total available energy per capita (kgoe)

GAS_PC

Domestic gas consumption (TJ/capita)

S_PC

Solid fossil energy sources domestic consumption (kT/capita)

Indicators of economic development

GDP_PC GDP per capita (USD)

EMP Overall unemployment rate

EXP_GDP Exports (percentage of gross domestic product)
INV_GDP FDI (percentage of gross domestic product)
GDP_GR GDP growth (annual %)

GDP_GR_PC Yearly growth rate in GDP per capita percentage

We determined causality for cointegrated variables based on testing the overall significance of lagged variables using the
F-test or Wald test for the VECM model (Winarno et al., 2021):

=1 4% -1 or 1
AYie = Xhosi ArDyie—ie + Zpco Sibxieie + P(Vie—1 + BiXie—1) + Wi + &
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where () - the coefficient of the cointegrating equation; Y, | + ﬂ, X it - cointegrating equation or error correction term

(ECT).

Causality in the short term is the statistical significance of the first difference of the variable in the vector error correction
equation. Using the Wald test, we can determine Granger causality. In the long run, it is about the significance of error
correction in this equation. Granger causality, therefore, applies more to the short run. If the variables are stationary I1(0),
this means that there is no long-run causality, but short-run causality may exist.

Taking this into account, we implemented an algorithm for the analysis of cause-and-effect relationships between indica-
tors of energy efficiency and economic growth in the form of panel data based on the algorithm presented in Figure 1.

Formation of statistical base

v

VAR Lag Order Selection

v

Im-Pesaran-Shin (IPS) Panel Unit Root Test
DF Fisher-Chi-square Test

All variables I(0)
no yes

All variables I(1) Granger causality test

Dumitrescu Hurlin Panel Causality test

yes

Pooled Mean Group (PMG) / panel ARDL model
Pedroni Residual Cointegration Test (Determining the type of relationship between
variables in the short and long term)

Variables are cointegrated

yes

Panel VEC model
(Determining the type of relationship between Panel VaR model
variables in the short and long term)

Wald test
(Determining of causality according to Granger)

Figure 1. An algorithm for the analysis of causal relationships in the case of panel data.

RESULTS

A time series is stationary if it does not exhibit any long-term trends or distinct seasonality. Time series stationarity was
tested in Eviews using the unit root test, which is a cornerstone of modern time series analysis. Table 2 presents the
results of the ADF - Fisher Chi-square test for the presence of unit roots.

320 DOI: 10.55643/fcaptp.1.54.2024.4280


https://fkd.net.ua/
https://www.fta.org.ua/

FINANCIAL AND CREDIT ACTIVITY: PROBLEMS OF THEORY AND PRACTICE

Volume 1 (54), 2024

fA

Table 2. Results of the ADF test. (Source: compiled by the authors using Eviews on the basis of data from Eurostat, Enerdata and World Bank)

The level of the series The first difference
Statistic Prob. Statistic Prob.
Energy efficiency indicators
CO_GDP 126.202 0.000 - - 1(0)
EI 36.204 0.999 502.36 0.000 I(1)
C_ENER 85.4466 0.170 635.337 0.000 I(1)
S_PC 94.4246 0.039 442.241 0.000 I(1)
GAS_PC 81.0088 0.074 453.789 0.000 I(1)
C_ENER_ALL_PC 59.6352 0.887 537.660 0.000 I(1)
C_ENER_PC 67.1084 0.701 526.085 0.000 I(1)
EL_PC 104.704 0.0109 - - 1(0)
ELS 75.1151 0.4420 258.456 0.000 I(1)
Indicators of economic development
GDP_PC 68.3379 0.663 351.026 0.000 I(1)
GDP_GR_PC 427.040 0.000 - - 1(0)
GDP_GR 420.919 0.000 - - 1(0)
INV_GDP 287.177 0.000 - - 1(0)
EMP 129.176 0.000 - - 1(0)
EXP_GDP 56.2670 0.937 431.589 0.000 I(1)

As a result, only two indicators of energy efficiency of European countries, namely the intensity of carbon dioxide emissions
CO_GDP and gross electricity production per capita EL_PC turned out to be stationary time series I(0). Among the indicators
of economic development, four-time series do not have unit roots: GDP_GR_PC, GDP_GR, INV_GDP, EMP. It is to these
variables that the Granger causality test can be directly applied. For each pair of stationary variables, the optimal lag value

for the corresponding VAR model was determined based on the Akaike information criterion (AIS).

In the following, we will use both causality tests implemented in Eviews: with common coefficients and the Dumitrescu
Hurlin test. It should be noted that the latter test is more often used for the analysis of panel data, since it more correctly
takes into account the peculiarities of panel data, namely, cross-sectional relationships (Kiigliksakarya, 2021). Table 3
presents the results of Granger causality tests for all pairs of stationary variables representing energy efficiency and eco-

nomic development of European countries.

Table 3. Granger causality and Dumitrescu Hurlin Panel Causality tests between stationary time series. (Source: compiled by the authors
using Eviews on the basis of data from Eurostat, Enerdata and World Bank)

Pairwise Granger Causality Tests Pairwise Dumitrescu Hurlin Panel Causality Tests
Null Hypothesis: F-Statistic | Prob. ability W-Stat. Probability
GDP_GR_PC does not Cause CO_GDP 15.69 2.E-14 CO_GDP does not cause GDP_GR_PC 1.97 0.441
CO_GDP does not Cause GDP_GR_PC 3.77 0.002 GDP_GR_PC does not cause CO_GDP 5.46 8.E-12
CO_GDP does not Cause EMP 3.19 0.007 CO_GDP does not cause EMP 2.54 0.641
EMP does not Cause CO_GDP 12.54 1.E-11 EMP does not cause CO_GDP 5.36 3.E-11
CO_GDP does not Cause INV_GDP 0.14 0.997 CO_GDP does not cause INV_GDP 2.82 0.296
INV_GDP does not Cause CO_GDP 1.50 0.153 INV_GDP does not cause CO_GDP 2.97 0.175
GDP_GR does not Cause CO_GDP 31.61 7.E-14 GDP_GR does not cause CO_GDP 5.49 5.E-12
CO_GDP does not Cause GDP_GR 6.23 0.002 CO_GDP does not cause GDP_GR 1.96 0.429
GDP_GR does not Cause EL_PC 2.99 0.050 GDP_GR does not cause EL_PC 1.77 0.357
EL_PC does not Cause GDP_GR 1.64 0.194 EL_PC does not cause GDP_GR 1.96 0.592
GDP_GR_PC does not Cause EL_PC 2.81 0.060 GDP_GR_ PC does not cause EL_PC 1.61 0.673
EL_PC does not Cause GDP_GR_PC 4.27 0.014 EL_PC does not cause GDP_GR_PC 2.57 0.478
EMP does not Cause EL_PC 0.07 0.927 EMP does not cause EL_PC 2.67 0.292
EL_PC does not Cause EMP 0.67 0.510 EL_PC does not cause EMP 2.54 0.238
INV_GDP does not Cause EL_PC 1.07 0.340 INV_GDP does not cause EL_PC 1.67 0.557
EL_PC does not Cause INV_GDP 2.12 0.120 EL_PC does not cause INV_GDP 1.57 0.669
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Figure 2. Directions of causalities between stationary energy efficiency and economic development indicators according to common
coefficients test (black colour) and DH test (red colour).

Based on the Dumitrescu Hurlin Panel Causality test, it can be concluded that the forecasting of carbon dioxide emissions
is significantly influenced by the economic growth indicators of European countries. Moreover, this dependence is one-
sided. GDP growth, GDP per capita growth and Unemployment rate cause changes in the CO_GDP time series, precede
changes in this time series and, in addition, make a significant contribution to the forecast of its values. The Granger
causality test does not allow direct conclusions to be drawn about how one variable affects another in terms of "increase"
or "decrease". It only indicates the presence of a cause-and-effect relationship in a time sequence. However, to understand
exactly how variable x affects variable y (whether it's up, down, or something else), we need to examine the relationship
in more detail. To do this, you can use regression analysis and other methods.

Time series that deviate from their mean value over time are called non-stationary. Thus, disregarding the stationarity of
variables in most cases leads to spurious regression. To overcome this problem of non-stationarity, the econometric anal-
ysis of time series is increasingly shifting towards the problem of cointegration. The reason is that cointegration is a
powerful way to detect stable equilibria between variables. Taking cointegration into account today has become a major
requirement for any economic model that uses non-stationary time series (Emeka et al., 2016).

Most time series that describe economic processes are non-stationary, and MLS-based regression involving non-stationary
time series can lead to erroneous results. One of the solutions to this problem is to conduct a cointegration test. The
purpose of cointegration is to find out whether there is a linear combination of non-stationary variables that results in a
stationary time series. If there is cointegration between two variables that have similar non-stationary properties, then the
regression can be obtained without false results. In practice, the Vector Error Correction (VECM) model is used to determine
the type of long-term behaviour of variables with their short-term responses.

Stationarity is an important property for time series modelling. The problem is that in practice quite a few processes are
actually stationary in their original form. Cointegration forms a stationary series from a linear combination of two or more
non-stationary series. Regarding cointegration and causation, it should be noted that these are two different concepts.
The existence of cointegration between two-time series does not automatically imply the presence of Granger causality
between them (Xiangyun et al., 2018). If two-time series are cointegrated, this may be an indicator of a possible long-
term relationship between them. Confirmation of the presence of cointegration between time series means that the rela-
tionship between the relevant variables is not spurious. In other words, there is a theoretical connection between them
and the time series will be in equilibrium in the long run.

It should be noted that cointegration makes it possible to assess the presence of a long-term relationship between varia-
bles, while the Granger causality test is short-term. The Granger causality test determines the level of correlation between
the past value of one variable and the current value of a second variable. In the long run, it is about the significance of
the error correction in the VECM vector error correction model. Causality in the short term is the statistical significance of
the first difference of the variable in the vector error correction equation. Using the Wald test, you can determine Granger
causality. Thus, Granger causality applies more to the short run. If the variables are stationary I(0), this means that there
is no long-run causality, but short-run causality may exist. The fact is that if all the series are stationary I(0) (have no
trend), then it makes no sense to talk about cointegration in this case.

To identify short-term causal relationships, the presence of cointegration between the analyzed pairs of I(1) variables was
checked and the presence of Granger causality was analyzed for non-cointegrated pairs. A check for the presence of
cointegration was made based on the Pedroni Residual Cointegration Test in Eviews (Table 4).
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Table 4. Cointegration between non-stationary indicators of economic development and energy efficiency. Note: *K- cointegration ex-

ists, N- no cointegration.

GDP_PC EXP_GDP
EI K K
C_ENER N K
S_PC N K
GAS_PC N K
C_ENER_ALL_PC N N
C_ENER_PC N K
ELS N N

A cause-and-effect relationship between non-cointegrated pairs of non-stationary time series is found at least only for the
first differences of these series. Since causal relationships can only be determined for stationary time series, all non-
stationary variables were transformed into stationary ones using first differences, which significantly changes the interpre-
tation of the results of the Granger test. The results of the implementation of the Granger test for the first differences of
non-cointegrated pairs of time series with the first level of integration are presented in Table 6 and Figure 3.

Table 5. Granger causality and Dumitrescu Hurlin Panel Causality tests between non-cointegrated time series. Note: D added before the
variable means the first difference. (Source: compiled by the authors using Eviews on the basis of data from Eurostat, Enerdata and World Bank)

Pairwise Granger Causality Tests Pairwise Dumitrescu Hurlin Panel Causality Tests

Null Hypothesis: F-Stat. Prob. Null Hypothesis: S‘i’:\;-t. Prob.
DEXP_GDP does not Cause DC_ENER_ALL_PC 12 .97 3.E-06 DEXP_GDP does not cause DC_ENER_ALL_PC 2.97 0.132
DC_ENER_ALL_PC does not Cause DEXP_GDP 0.25 0.776 DC_ENER_ALL_PC does not cause DEXP_GDP 2.74 0.386
DGDP_PC does not Cause DS_PC 1.44 0.237 DS does not cause DEXP_GDP 2.87 0.192
DS_PC does not Cause DGDP_PC 2.51 0.081 DEXP_GDP does not cause DS 1.56 0.889
DGDP_PC does not Cause DGAS_PC 17 .23 5.E-08 DGAS_PC does not cause DGDP_PC 1.64 0.819
DGAS_PC does not Cause DGDP_PC 7 .62 0.000 DGDP_PC does not cause DGAS_PC 5.16 4.E-11
DC_ENER does not Cause DGDP_PC 1.48 0.227 DC_ENER does not cause DGDP_PC 1.87 0.345
DGDP_PC does not Cause DC_ENER 1.58 0.204 DGDP_PC does not cause DC_ENER 1.94 0.582
DGDP_PC does not Cause DC_ENER_ALL_PC 0.01 0.982 DC_ENER_ALL_PC does not cause DGDP_PC 1.64 0.683
DC_ENER_ALL_PC does not Cause DGDP_PC 6.13 0.002 DGDP_PC does not cause DC_ENER_ALL_PC 6.51 1.E-11
DC_ENER_PC does not Cause DGDP_PC 8 .63 0.000 DGDP_PC does not cause DC_ENER_PC 4.23 0,020
DGDP_PC does not Cause DC_ENER_PC 0.16 0.845 DC_ENER_PC does not cause DGDP_PC 2.47 0.455
DGDP_PC does not Cause DELS 0.17 0.835 DGDP_PC does not cause DELS 2.77 0.395
DELS does not Cause DGDP_PC 6.39 0.001 DELS does not cause DGDP_PC 2.44 0.256
DEXP_GDP does not Cause DELS 5.43 0.004 DEXP_GDP does not cause DELS 1.87 0.657
DELS does not Cause DEXP_GDP 2.18 0.113 DELS does not cause DEXP_GDP 1.77 0.699

DGDP_PC
DEXP_GDP

Figure 3. Directions of causalities between non-cointegrated indicators of energy efficiency and economic development according to the
common coefficients test (black colour) and the DH test (red colour).
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The results obtained from the DH test signal that economic development indicators cause energy efficiency indicators in
all pairs in which a cause-and-effect relationship occurs. Interestingly, this trend also occurs for pairs of stationary time
series (Figure 2). This shows that the level of energy efficiency of European economies depends significantly on the
economic situation in these countries in previous years. However, when interpreting the results of the Granger test for
time series in first differences, it is important to understand that in this case the relationship between changes in these
series, but not between their absolute levels, is examined.

Thus, from the fact that DGDP_PC is the cause of DGAS_PC in the DH test, it can be concluded that changes in the growth
of GDP per capita of European countries precede and are associated with subsequent changes in gas consumption. This
suggests that when there are fluctuations in the economy (as indicated by changes in GDP growth), these changes have
predictive power for fluctuations in gas consumption.

According to Granger, causality can be divided into long-term and short-term (Granger, 1969). For this, error correction
models or VECMs are used, depending on the approach to determining causality. Long-term causality is determined by the
error correction term, and if it is significant, it indicates the presence of a long-term causal relationship from the explanatory
variable to the dependent variable.

In the following, we will assume that if the adjustment coefficient for the variable y is negative and statistically significant,
this means that when the long-run equilibrium is disturbed (for example, due to changes in x), y will adapt to restore this
equilibrium. In this context, the variable x can be considered to be the "cause" and the variable y to be the "effect" in the
causal relationship. That is, when x changes, it causes changes in y to bring the system back to equilibrium. To determine
the nature of causal relationships, we will build VECM models for all pairs of cointegrated time series. For EI and GDP_PC
VECM models are presented in Table 6.

Table 6. VECM model for time series EI and GDP_PC with Wald tests. Note: Standard errors in ( ) & t-statistics in [ ], D(+) — first difference.
(Source: compiled by the authors using Eviews on the basis of data from Eurostat, Enerdata and World Bank)

:%" c EI(-1) 1.000000 GDP_PC(-1) 1.000000
[ ]
g g GDP_PC(-1) -0.002491 [(-;:312-001‘2] EI(-1) -4020.867 [(_3132?'683?]
S C 2.676117 C -10760.31
D(EI) Probability D(GDP_PC) Probability
i<:; CointEql -0.038856 0.0100 CointEql 0.014175 0.0071
® D(EI(-1)) 0.117485 0.0015 D(GDP_PC(-1)) 0.190358 0.0000
§ D(EI(-2)) 0.099618 0.0062 D(GDP_PC(-2)) -0.269492 0.0000
5 D(GDP_PC(-1)) -5.68E-06 0.0440 D(EI(-1)) -458.5095 0.3806
frr D(GDP_PC(-2)) 6.89E-06 0.0170 D(EI(-2)) -1611.888 0.0017
-0.069726 0.0000 C 965.1155 0.0000
% Null Hypothesis: C(4)=C(5)=0 Null Hypothesis: C(4)=C(5)=0
."; Test Statistic Value Probability Test Statistic Value Probability
g Chi-square 8.400823 0.0150 Chi-square 11.44133 0.0033

The adjustment coefficient in VECM reflects the rate at which the system returns to equilibrium after being deflected by
short-term shocks. This means that if energy intensity deviates from its long-term equilibrium level due to changes in GDP
per capita, approximately 3.89% of this deviation will be corrected in the next period. The minus sign indicates that the
correction occurs in the direction of reducing the deviation and attempts to return the system to equilibrium. That is, if
energy intensity temporarily deviates from the level, it should have based on its long-term interaction with GDP per capita,
then it will "adjust" back to that level at a rate of about 3.89% per period.

If the correction coefficient in the VECM model has a positive value, it indicates how the system reacts to deviations from
the long-term equilibrium (Rahman & Vu, 2021). When the dependent variable GDP_PC deviates from its long-term equi-
librium interaction with other variables (in this case with energy intensity EI), it will adjust in the direction of increasing
this deviation at a rate of approximately 1.41% per period. In such a case, the existence of long-run causality from EI to
GDP_PC cannot be asserted. The Wald test confirmed the statistical significance of the coefficients for lagged variables,
and therefore, there is a short-term causal relationship in both directions between energy intensity EI and GDP per capita
GDP_PC. Thus, between energy intensity and the size of GDP per capita of European countries, there is a one-way long-
term causal relationship between GDP_PC to energy intensity EI and a two-way short-term one. The negative value of the
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adjustment coefficient and its statistical significance mean the existence of convergence from the short-term dynamics to
the long-term equilibrium state in the long run.

In the case of a cointegrated pair of time series EI and EXP_GDP, the optimal lag for VAR models is 3. From Table 7, which
presents the VECM models for this pair of variables, there is no reason to assert the existence of a long-term relationship
between them. The fact is that in the case where EI is the dependent variable, the adjustment coefficient is not statistically
significant, and in the case of the model with EXP_GDP as the dependent variable, it has a positive value. However, the
Wald tests confirmed the statistical significance of the coefficients for lagged variables, and therefore, there is a two-way
short-term causal relationship between the energy intensity of EI and the share of exports in GDP per capita.

Table 7. VECM model for time series EI and EXP_GDP with Wald tests. Note: Standard errors in () & t-statistics in [ ], D(+) — first difference.
(Source: compiled by the authors using Eviews on the basis of data from Eurostat, Enerdata and World Bank)

.3 5 EI(-1) 1.000000 EXP_GDP(-1) 1.000000
- =
ot
g3 EXP_GDP (-1) 0.163182 (0.04460) [ 3.65897] EI(-1) 6.128142 (4.33188) [
€0 1.41466]
S2 C -13.15421 C -80.61088
D(EI) Probability D(EXP_GDP) Probability
CointEq1 -0.001961 0.3076 CointEql 0.017136 0.0005
g D(EI(-1)) 0.126534 0.0011 D(EXP_GDP(-1)) -0.015404 0.7142
"§ D(EI(-2)) 0.111368 0.0036 D(EXP_GDP(-2)) -0.134781 0.0028
§ D(EI(-3)) 0.032923 0.3838 D(EXP_GDP(-3)) -0.116381 0.0075
5 D(EXP_GDP(-1)) -0.009269 0.0006 D(EI(-1)) 1.785096 0.0033
E D(EXP_GDP(-2)) 0.000447 0.8763 D(EI(-2)) 1.352703 0.0241
D(EXP_GDP(-3)) -0.002173 0.4332 D(EI(-3)) -0.130986 0.8249
C -0.058727 0.0000 C 1.727390 0.0000
‘3 Null Hypothesis: C(5)=C(6)=C(7)=0 Null Hypothesis: C(5)=C(6)=C(7)=0
]
- . Proba- . Proba-
% Test Statistic Value bility Test Statistic Value bility
= Chi-square 12.16236 0.0068 Chi-square 15.94295 0.0012

There is a two-way long-term causal relationship between primary energy consumption C_ENER and the share of exports
of goods and services in GDP EXP_GDP (Table 8). This means that if primary energy consumption deviates from its long-
term equilibrium level due to changes in per capita exports, approximately 0.9% of this deviation will be corrected in the
subsequent period. In other words, if primary energy consumption temporarily deviates from the equilibrium level with
EXP_GDP, then it will return back to this level at a rate of about 0.9% per year. The deviation of EXP_GDP from the
equilibrium state will be compensated at a rate of 0.08%. Short-run causality between these variables exists in only one
direction: from EXP_GDP to C_ENER.

Table 8. VECM model for time series C_ENER and EXP_GDP with Wald tests. (Source: compiled by the authors using Eviews on the basis of data
from Eurostat, Enerdata and World Bank)

.E’ c C_ENER(-1) 1.000000 EXP_GDP(-1) 1.000000
‘g S (0.41885)
‘2 % EXP_GDP(-1) 0.226602 [ 0.54100] C_ENER(-1) 4.413020 (0.82695) [5.33648]
.8 ¢ C -62.40187 C -275.3807
D(C_ENER) Probability D(EXP_GDP) Probability
g CointEq1 -0.009063 0.0000 CointEql -0.000868 0.0473
g’ D(C_ENER(-1)) -0.257071 0.0000 D(EXP_GDP(-1)) 0.147468 0.0365
"5' D(C_ENER(-2)) 0.231812 0.0000 D(EXP_GDP(-2)) -0.140645 0.0022
‘n:-, D(EXP_GDP(-1)) -0.078386 0.0212 D(C_ENER(-1)) -0.094140 0.0717
4
u D(EXP_GDP(-2)) -0.015832 0.6483 D(C_ENER(-2)) 0.005820 0.9552
C -0.138038 0.2841 C 0.994000 0.0000
g Null Hypothesis: C(4)=C(5)=0 Null Hypothesis: C(4)=C(5)=0
; Test Statistic Value Probability Test Statistic Value Probability
‘;‘ Chi-square 6.217171 0.0447 Chi-square 3.394232 0.1832
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In the case of deviation of domestic consumption of solid fossil fuel S_PC from the equilibrium state with EXP_GDP, 1.5%
of this deviation is compensated each period, indicating the existence of one-way long-term causality in which EXP_GDP
is the cause. The Wald test confirmed the existence of a short-term one-way cause-and-effect relationship between these
variables, in which EXP_GDP also acts as a cause (Table 9).

Table 9. VECM model for time series EXP_GDP and S_PC with Wald tests. Note: Standard errors in ( ) & t-statistics in [ ], D(+) — first difference.
(Source: compiled by the authors using Eviews on the base of data form ESMS Indicator Profile (ESMS-IP), Enerdata 2022; World Bank, World Energy &
Climate Statistics — Yearbook, 2022)

2 EXP_GDP(-1) 1.000000 S_PC(-1) 1.000000
E § (8086.74) (8086.74)
g g S_PC(-1) 33194.42 [ 4.10479)] EXP_GDP(-1) 3.01E-05 [ 4.10475]
'3 ? C -105.1094 C -0.003166
D(EXP_GDP) Probability D(S_PC) Probability
2 CointEql 0.005732 0.0336 CointEql -0.015263 0.0013
'% D(EXP_GDP(-1)) 0.064447 0.1592 D(S_PC(-1)) -0.265233 0.0000
g D(EXP_GDP(-2)) -0.125588 0.0044 D(S_PC(-2)) -0.101230 0.0109
5 D(S_PC(-1)) -435.9262 0.5429 D(EXP_GDP(-1)) 4.12E-06 0.0632
i D(S_PC(-2)) -1060.919 0.1593 D(EXP_GDP(-2)) -6.06E-06 0.0094
C 1.103177 0.0000 C -3.77E-05 0.0000
a Null Hypothesis: C(4)=C(5)=0 Null Hypothesis: C(4)=C(5)=0
g Test Statistic Value Probability Test Statistic Value Probability
g Chi-square 2.082404 0.3530 Chi-square 8.894446 0.0117

There is a one-way long- and short-term causal relationship between domestic natural gas consumption GAS_PC and
export EXP_GDP, where EXP_GDP is the cause. The rate of adjustment of the imbalance in case of possible deviations
from the long-term equilibrium will be 2.5% per year (Table 10).

Table 10. VECM model for time series EXP_GDP and S_PC with Wald tests. Note: Standard errors in () & t-statistics in [ ], D(+) — first difference
. (Source: compiled by the authors using Eviews on the basis of data from Eurostat, Enerdata and World Bank)

=4 GAS PC(-1) 1.000000 EXP_GDP(-1) 1.000000
.E .§ (0.00013) (2536.47)
g % EXP_GDP(-1) 6.81E-05 [ 0.53317] GAS_PC(-1) 14680.83 [ 5.78791]
E ? C -0.032205 c -472.7910
D(GAS_PC) Probability D(EXP_GDP) Probability
CointEq1 -0.025136 0.0000 CointEql 0.000784 0.0884
r D(GAS_PC(-1)) -0.069151 0.0761 D(EXP_GDP(-1)) 0.036878 0.3858
'% D(GAS_PC(-2)) 0.119876 0.0004 D(EXP_GDP(-2)) -0.138630 0.0038
g D(GAS_PC(-3)) 0.049808 0.1238 D(EXP_GDP(-3)) -0.099051 0.0295
§ D(EXP_GDP(-1)) -0.000204 0.0000 D(GAS_PC(-1)) -61.55517 0.2830
i D(EXP_GDP(-2)) 8.06E-05 0.0135 D(GAS_PC(-2)) 35.44951 0.4767
D(EXP_GDP(-3)) -0.000115 0.0002 D(GAS_PC(-3)) -12.72514 0.7973
C 2.96E-05 0.7999 c 1.383629 0.0000
% Null Hypothesis: C(5)=C(6)=C(7)=0 Null Hypothesis: C(5)=C(6)=C(7)=0
g Test Statistic Value Probability Test Statistic Value Probability
; Chi-square 55.88454 0.0000 Chi-square 2.096156 0.5527

Based on the obtained VECM models for the variables C_ENER_PC and EXP_GDP, we can only assert the existence of one-
way causality from EXP_GDP to C_ENER_PC (Table 11).
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Table 11. VECM model for time series EXP_GDP and C_ENER_PC with Wald tests. Note: Standard errors in () & t-statistics in [ ], D(-) — first
difference. (Source: compiled by the authors using Eviews on the basis of data from Eurostat, Enerdata and World Bank)

2 . EXP_GDP(-1) 1.000000 C_ENER_PC(-1) 1.000000
£
?';" g C_ENER_PC(-1) -0.007349 (0.00343) EXP_GDP(-1) -136.0718 (39.:4090)
.E g [-2.14557] [-3.45281]
8 C -26.91905 C 3662.924
D(EXP_GDP) Probability D(EXP_GDP) Probability
o CointEq1 0.013566 0.0048 CointEql 0.002936 0.2388
% D(EXP_GDP(-1)) 0.062527 0.1396 D(C_ENER_PC(-1)) 0.103901 0.0110
g D(EXP_GDP(-2)) -0.145906 0.0010 D(C_ENER_PC(-2)) 0.007143 0.8628
E D(C_ENER_PC(-1)) -0.000232 0.6888 D(EXP_GDP(-1)) -12.81739 0.0000
i D(C_ENER_PC(-2)) 0.000638 0.2752 D(EXP_GDP(-2)) 2.963593 0.3435
C 1.169028 0.0000 C 18.49664 0.8566
% Null Hypothesis: C(4)=C(5)=0 Null Hypothesis: C(4)=C(5)=0
g Test Statistic Value Probability Test Statistic Value Probability
5 Chi-square 1.263067 0.5318 Chi-square 8.894446 0.0001

Figure 4 schematically presents the types of causal relationships between co-integrated pairs of energy efficiency and
economic development indicators based on VECM models.

Figure 4. Directions of causalities between co-integrated pairs of indicators of energy efficiency and economic development according
to VECM models. Long-term relationship - solid line, short-term relationship - dotted line.

DISCUSSION

In this article we confirmed that the level of energy efficiency of European economies depends significantly on the economic
situation in these countries in previous years, which is consistent to a certain extent with the results obtained by many
rescuers, for example, Hussain et al. (2021), Gholizadeh et al. (2020). A similar result was obtained by Rajaguru et al.
(2021), where they presented evidence of both long-term and short-term causal relationships between variables, repre-
senting economic growth and energy intensity. The existence of a close causal relationship between indicators of energy
efficiency and economic development was confirmed in many articles. In addition, results obtained in our paper indicate
that economic development indicators cause energy efficiency indicators in all pairs in which there is a causal relationship,
regardless of whether it is a short-term or long-term relationship, stationary or cointegrated pairs.

In order to analyze causality between time series representing different levels of integration, Autoregressive Distributed
Lag (ARDL) models should be used. Kyshakevych et al. (2023) analyzed the causal relationships between electricity con-
sumption and economic growth for time series with different levels of integration using ARDL models.
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CONCLUSIONS

The article analyzed the cointegration and causal relationships between indicators of economic development and energy
efficiency of 38 European countries for the period from 1995 to 2021 based on the use of panel data. To determine the
direction of causal relationships for stationary time series, the Dumitrescu Hurlin test was used, which more correctly takes
into account the features of panel data, namely, cross-sectional relationships. CO2 emission intensity was found to be a
cause for annual GDP growth rate, annual GDP per capita growth rate and unemployment rate. Causality between non-
cointegrated pairs of non-stationary time series was found based on the Dumitrescu Hurlin Panel Causality test for the first
differences of these series. It should be taken into account that when interpreting the results of the Granger test for time
series, the first differences examine the relationship between changes in these series, and not between their absolute
levels.

In the case where there is cointegration between two-time series, we used the error correction model (VECM) to determine
the type of long-term behaviour of variables with their short-term feedback. GDP per capita was found to be the driver of
the level of primary energy intensity of European countries in the long term. One-way long-term causality was also found
from the export of goods and services to domestic consumption of natural gas and solid fossil fuels. There is a two-way
long-term cause-and-effect relationship between primary energy consumption and exports. The stationary time series of
gross electricity production per capita and foreign direct investment were not represented in any of the causal pairs. We
also determined the speed of return to the long-term equilibrium of a co-integrated pair of indicators in case of its violation
due to possible crisis events in the economy of European countries.

Future research could include analyses aimed at developing and evaluating tools that improve energy efficiency without
compromising economic growth. This may include analysis of tax incentives, subsidies, regulations, etc. Another promising
direction for continuing research on this issue is the construction of econometric models for forecasting future trends in
energy efficiency and their impact on economic development. This includes analyzing the relationships between energy
consumption, CO2 emissions, GDP per capita and other economic indicators.
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Kuwakesny b., Mesbrnk O., puyeHko K., Boporyak I., HactboumH C.

AHANI3 KOIHTErPALIL TA NPUMMHOBO-HAC/IIAKOBUX 3B'A3KIB MDK NOKA3HUKAMM
EKOHOMIYHOIO 3POCTAHHS TA EHEPTOE®EKTUBHOCTI KPAIH €EBPOMNU

Y cyyacHMX yMOBaX, KONM EBPOMENCHKI KpaiH1 NOCTaBuK nepea coboto Haa3BMYanHO aMbiTHY METY — CKOPOYEHHS BUKMAIB
NapHUKOBMX rasis MiHiMyM Ha 55% o 2030 poky nopiBHsAHO 3 piBHeM 1990 poky, Ba)/IMBO NpoaHanisysaTu NpUUYMHOBO-
HacnigKoBi 3B’A3KM MK K/THOYOBUMMM MOKA3HUKaMM eHeproedeKkTUBHOCTI HaLiOHaNbHUX EKOHOMIK Ta €KOHOMIYHOro 3poc-
TaHHS, BM3HAYUTWN XapaKTep iXHbOro BNAWBY OAHE Ha OA4HOro. Y CTaTTi NpoBeAeHO aHani3 KoiHTerpauii Ta npuYMHOBO-
HaCniaKoBKX 3B'A3KIB MK MAHENbHUMM [aHWMU, siKi BUSHAYATb EKOHOMIYHUI PO3BUTOK i eHeproedekTUBHICTL 38 KpaiH
€sponu 3a nepiog i3 1995 no 2021 pik. CTauioHapHi YacoBi psan aHanisysanu Ha MPUYMHOBICTL 33 AOMOMOIOKD TecTy
Dumitrescu Hurlin, sikui4 NOpIiBHSAHO 3 KNMACMYHUM TECTOM [PeMHIKEPa TOYHiLLE BPaxXOBYE CTPYKTYPY MaHENbHUX AaHUX, a
caMe KpOC-CeKLiMHI B3aeMO3B'I3kU. PiuHi TeMnu 3pocTaHHs BBl BUSIBUAWUCS NMPUUUHOK ANt 3pOCTaHHS iIHTEHCUBHOCTI BU-
kngis CO2. [na nap YacoBux pagiB i3 NepwmM piBHEM iHTerpauii y BUNaaKy iCHyBaHHA KOiHTerpauii MbK HUMK aBTopu
BMKOpUCTanu moaens kopekuii nomunok (Vector Error Correction (VECM)) ansi BU3HaYeHHs TUMNy AOBrOCTPOKOBOI NoBesi-
HKM 3MiHHKX 3i CBOIMW KOPOTKOCTPOKOBUMM Biarykamu. EKCROPT ToBapiB i NOCIyr BUSIBUBCS AOBFOCTPOKOBOIO MPUUMHOLO
[N BHYTPILUHBOrO CMOXWBaHHS NPUPOAHOro rasy /i TBEpAOro BUKOMHOMO nasmea. JoBroCTpoKOBMIA NPUYMHOBO-HACIAKO-
BMWI 3B'A30K 6YN0 BUSIBNIEHO NMLLIE MiXK CMOXWBaHHSIM NEPBUHHOI eHepril Ta ekcriopToM. Cnig BiA3HAYUTK, WO Y BUSIBNEHIN
Yy pob0Ti KOPOTKOCTPOKOBI Ta AOBrOCTPOKOBI MPUUNMHOBO-HACNIAKOBIN 3a1EXHOCTI NOKa3HUKN EKOHOMIYHOrO PO3BUTKY
BMCTYNalOTb MPUYMHOIO A5 NOKA3HMKIB eHeproedeKTMBHOCTI He3anexHo. Lie curHanisye npo Te, Wo piBeHb eHeproede-
KTUBHOCTI €BPOMENCHKOI EKOHOMIKM BU3HAYAETLCA B 3HAYHIN Mipi EKOHOMIYHMM PO3BMTKOM KpaiH EBponu B nonepeaHi
nepioan. 3 MeTOK aHanisy NPUYMHOBO-HACNIAKOBMX 3B'A3KIB MidK YaCOBMMM psiiaMu, SIKi MatoTb pi3Hi piBHI iHTerpadii, Mo-
XXHa ckopucTatucb ARDL-Moaenamu.

KnmouoBi cnoBa: npuumMHOBO-HacNiakoBi 3B'a3kM, VECM, npuvuuHOBICTb 3a [peiaxepoM, AOBrocTpOKOBa PiBHOBara,
€HEProEMHICTb EKOHOMIKM, EKOHOMIYHWIA PO3BUTOK, KOIHTErpaLlisi, KpaiHu €Bponu
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