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Abstract. Energy plays an important role in economic development. This paper deals with the
long-run relationship between energy consumption and real GDP for V4 countries from 2005
to 2019. The analysis was based on the unit root tests, co-integration tests, and causality tests.
There are two questions. The first question is if energy consumption the stimulus to GDP, resp.
energy consumption causes GDP. And the second question is if GDP the stimulus for energy
consumption, resp. GDP causes consumption of energy. Energy consumption has an essential
role in the economy on both the demand and the supply. It means that there should be a causal
relationship from energy consumption to GDP as well as vice versa. Given that in the long run
the energy consumption Granger causes the GDP in Slovakia, Hungary, and the Czech Republic,
it means that energy consumption could cause economic growth in these countries. The only
country where no significant relationship between energy consumption and the GDP has been
demonstrated in Poland.
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Introduction

The Visegrad Declaration (1991) describes the goals of these countries: the Czech Republic,
Slovakia, Hungary and Poland. One of the goals is cooperation for linking energy interests.
And this is reason why the countries of V4 were selected for analysis. The paper could
confirm the relationship between the energy consumption and the economic growth in V4.

Higher energy efficiency in the European Union is statistically significantly associated
with higher economic development. However, the positive effect of active measures to in-
crease energy efficiency is a hypothesis based only on theoretical assumptions. Theoretical
regulations are based on three main assumptions. Energy savings should lead to the release
of funds for other economic activities. The long-term reduction of negative externalities
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(market, foreign security, health, social and environmental) associated with energy over-
consumption, especially from non-renewable resources, leads to a further increase in the
expected positive impacts. However, these assumptions are hypothetical and have not been
comprehensively modelled on the economies of the V4 countries.

The Visegrad Declaration (1991) mentions first efforts for energy cooperation as well as
efforts to secure supplies from sources other than Russia. The Bratislava Summit discussed
the issue of cooperation in the diversification of energy supplies in 1999, which was another
step towards mutual cooperation in this area. The breakthrough occurred after the gas crises
in 2006 and 2009, which hit the V4 countries. Due to the diversity of V4 energy mixes, it
was difficult to find a joint strategy that would suit all V4 countries. The V4 countries also
focus on nuclear cooperation and research and development of clean coal technologies. V4
cooperation and joint practices to balance the energy mix contribute to the EU energy policy.
This cooperation also helps to bridge the energy deficit that occurs in coal, oil, natural gas,
nuclear energy and renewable resources (European Commission, 2017).

It is natural that the dependence of the GDP and the energy consumption is not the same
in all V4 countries. The article contains the following sections: a review of the literature, the
econometric methods used, the economic development of V4 countries from the perspective
of basic macroeconomic variables and the energy policy, and a model for each country.

1. Literature review

The literature review focuses primarily on articles that are oriented to the analysis of factors
that affect or may affect energy consumption. Most of the articles focus on only a few factors
(one to three) that are examined in relation to the amount of electricity consumption or total
energy consumption. A large number of articles are focused on the relationship between total
energy consumption and gross domestic production. This relation is explored in the article by
Kose et al. (2013), which describes, among other things, the use of electricity consumption
data to expose the so-called grey economy. This article also mentions the fact that especially
western countries try to reduce this strong relationship of both indicators.

Faisal et al. (2016) argue that the relationship between GDP and energy consumption
depends on a specific country, its composition of industry, etc. This means that there is
not always a clear causality. The causality is tested for Russia in this article and the authors
concluded that for Russia there is a mutual causality for GDP and electricity consumption.

Diversity in individual countries is also discussed in the article by Payne (2010), which
discusses the causality of these factors and a literature review on the subject. The article
focuses on a larger number of countries and also confirms that the causality between GDP
and electricity consumption varies across countries.

Ozturk et al. (2010) divided countries into low- or middle-income groups. The GDP and
electricity consumption were interconnected and causality was tested in both groups. The
conclusion of the article is that the causality of low-income countries is such that GDP affects
the amount of energy consumption, and it is a mutual causality in middle-income countries.

Authors Li et al. (2019) in their article point out that economic growth and the energy
industry are interrelated. In China, the demand for energy is increasing as a result of improv-
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ing people’s living standards. Cointegration methods were used in the article. Authors proved
that there is a long-term stable relationship between energy consumption and economic
growth, and there is unidirectional causality from economic growth to energy consumption.

The paper (Shahid et al., 2014) describes the situation of energy consumption in Brazil in
the period 1971-2010. The authors used the least squares method to analyse the data in this
article. There is a positive relationship between energy consumption and economic progress
in Brazil.

The purpose of the paper (Szép, 2014) is to contribute to this topic with an analysis
of Granger causality between energy consumption and economic growth in East-Central
Europe. In his article, the author states that in the Czech Republic, Hungary and Slovakia
there is a dependence between energy consumption and GDP. In these countries, energy
consumption can lead to economic growth.

The study (Tang & Oztruk, 2016) analysis of the relationship between the studied varia-
bles (the energy consumption and the GDP) in Vietnam during the period 1971-2011. The
authors use Solow’s model. The existence of cointegration was proved between the variables.
There is Grander’s causality from energy consumption to economic growth.

The authors (Wiranata & Mugqorrobin, 2013) use a vector error correction model for
analysis. The results show that the long-term relationship between energy consumption and
GDP has not been demonstrated in Malaysia. The results therefore confirm that Malaysia’s
GDP does not depend on energy consumption and, conversely, that energy consumption is
not a significant factor influencing GDP growth.

This study (Pao et al., 2014) also describes the situation regarding the relationship be-
tween energy consumption and GDP in Brazil in the period from 1980 to 2008. The results
indicate the existence of a long-term relationship between variables. The VEC model revealed
a unidirectional short-run causality from energy consumption to economic growth, but also
bidirectional causality. This means that Brazil should increase investment in the energy in-
dustry, but also not waste energy.

Evidence from a panel of OECD countries is discussed by Apergis and Payne (2010).
The effect of renewable energy consumption on economic growth (Evidence from top 38
countries) is described by Bhattacharya et al. (2016) and a case of South Asian is described
by Nepal and Paija (2019). Situation in Brazil is analysed in the paper by Pao and Fu (2013).
The relationship between climate and energy consumption in South Korea is analysed in the
paper by Shin et al. (2019). The study (Soava et al., 2018) examines the causal relationship
between economic growth and energy consumption using data for 28 countries of European
Union during period from 1995 to 2015. The results of this research suggest a positive im-
pact of energy consumption on economic growth, and there were confirmed bidirectional
or unidirectional Granger causalities between the two macroeconomic variables, for each of
28 countries. The following paper (Soava et al., 2020) investigates relations between income
inequality, economic growth and poverty threshold (EU countries panels). The article (Saad
& Taleb, 2018) analyses and compares the short-run and long-run relationship between re-
newable energy consumption and economic growth in 12 European Union countries during
period from 1990 to 2014. The results show the presence of unidirectional causality running
from economic growth to renewable energy consumption in the short run. In the long run,
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there exist a bidirectional causal relationship between the variables. Yildirim et al. (2012)
analysis energy consumption in the USA. Energy consumption and economic growth in
67 countries is describes in full (Tugcu et al., 2012) and for the case Saudi Arabia it is de-
scribes in full (Wada, 2017). The authors Ko¢ and Bahtiyar (2017) performed an analysis
for the following countries: Turkey, South Africa, India, Indonesia and Brazil for the period
1971-2013. The study states that changes in economic growth have a positive effect on energy
consumption. The authors Olopade et al. (2020) look at the relationship between technology,
human capital and economic growth in Nigeria. According to Ozcicek and Agpak (2017),
consumption energy is dependent on socioeconomic factors such as education, demographic
qualifications, and energy. Authors Ozcan and Ozturk (2019) describe renewable energy
consumption and economic growth relationship for 17 emerging countries examined. The
neutrality hypothesis does hold for all of the countries except for Poland. The authors Zafar
et al. (2019) divide energy, i.e. non-renewable and renewable energy consumption, and inves-
tigate its effect on economic growth. The results show the important role of energy (renewa-
ble and non-renewable) consumption in economic growth. This paper examines Asia-Pacific
Economic Cooperation (APEC) countries during the period of 1990-2015.

Weather conditions are generally another factor to be studied. Most often it is the temper-
ature where electricity (or energy in general) is consumed for heating at lower temperatures
and for cooling (air conditioning) at higher temperatures.

The article (Basta & Helman, 2013) is very interesting, because the authors proceeded to
the analysis of energy consumption depending on the outdoor temperature and the length of
sunlight. The research was conducted in Prague. The results show that electricity consump-
tion depends on the length of sunlight, which is not a surprising result. The interconnection
of outdoor temperature with electricity consumption is dealt with in the article by Pampuri
et al. (2016), which examines the impact of air conditioning in buildings on electricity con-
sumption, specifically in the Canton Ticino area in Switzerland.

Authors (Popescu et al., 2019) have used the VEC model to determine the interrelation-
ships between GDDP, sustainable development and energy consumption. The research was
conducted in Romania and the results confirm a proactive economic policy.

Germany is the largest economy in Europe and the analysis between energy consumption
and economic growth is described by authors Rafindadi and Ozturk (2017). The causality
analysis revealed the existence of feedback effect between renewable energy consumption and
economic growth. It is bidirectional relationship.

The paper by Mutascu (2016) has investigated the causality between energy consumption
and economic growth (during the period 1970-2012) in the countries of the Group of Seven
(G7). The results show a bi-directional causality between energy consumption and GDP in
Canada, Japan, and the United States. GDP causes energy consumption in France and Ger-
many, while no causality is found for Italy and the United Kingdom.

The direction between the energy consumption (EC) and the GDP can be of 4 kinds:
EC— GDP (EC causes GDP), GDP— EC (GDP causes EC), EC <> GDP (bi-directional cau-
sality), EC no <> GDP (no causality exists). The Table 1 shows some studies which investi-
gate the connection between energy consumption and economic growth using by panel data
analysis.
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Table 1. Studies which analyse the relationship between EC and GDP (source: choosing of the literature
developed by the author)

Author/s Period Country Methods Results
Furuoka 1992-2011 | Baltic Panel cointegration test, GDP—EC
(2017) countries Panel causality test
Kogak and 1990-2012 | 9 Black Sea | Heterogeneous panel EC— GDP: Bulgaria, Greece,
Sarkgiinesi and Balkan | causality Macedonia, Russia, Ukraine
(2017) countries EC<«> GDP: Albania, Georgia,
Romania
EC no <> GDP: Turkey
Mayji, 1995-2014 | 15 West Panel dynamic ordinary EC no<>GDP
Sulaiman, and African least squares (DOLS)
Abdul-Rahim countries
(2019)
Alvarado 1972-2014 | 19 countries | Pedroni and Westerlund EC<«<> GDP
et al. (2019) of Latin cointegration
America techniques, Dumitrescu
and Hurlin causality test
Rahman and | 1990-2014 |5 South Pedroni and Kao tests, GDP—EC
Velayutham Asian FMOLS and DOLS
(2020) countries estimation techniques,
Dumitrescue-Hurlin

Table 1 shows diverse results during different periods. The results of this article: bi-direc-
tional causality does not confirm for any country of V4, and causality energy consumption
causes GDP was confirmed for the Czech Republic, Slovakia and, Hungary.

2. Method

In the article is performed the individual analysis of each country. We examine the long-run
relationship in a function GDP = f (EC); where GDP = In of real Gross Domestic Product;
EC = In of Energy Consumption. The methods are described in the articles Hendry and
Juselius (2000, 2001).

The first step is to determine if the variables are stationary. The augmented Dickey-Fuller
(ADF) test will be used to decide on the stationarity of variables. Engle and Granger (1987),
Enders (2014) argue that most time series in macroeconomics are non-stationary or inte-
grated with order I (1).

If all the variables are stationary, then vector autoregressive (VAR) model can be used. If
the variables of type I (1) we use the error correction model (VECM) and test the cointegra-
tion and determine the Granger causality connections.

The general form of the VECM model is:

Ay, =Bo +BiAX, +y1x, VoY Uy (1)

where x,, y, are economic variables, u, is the residual variable.
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In our case, two variables will be used and the lag lengths is equal to one. The VAR model
can be written as follows:
Xy =0y T oy Xy +onY g,

Y, =Bo +B1Y,y +B2 X, (2)

3. Economic development and the energy policy of V4 countries

The members of the Visegrad Group are: the Czech Republic, Slovakia, Poland and Hungary.
Quarterly data for the period from 2005/Q1 to 2019/Q3 were used for the analysis.

3.1. Gross domestic product

The growth of real gross domestic product is the first macroeconomic variable that compares
the performance of economies. Diagram 1 shows the development of real GDP growth in the
V4 countries between 2005 and 2019. The growth of all economies is evident after accession
to the EU. Countries became more open for abroad, more transparent and benefited from EU
funds. Slovakia achieved the highest real GDP growth. On the contrary, there was a deep de-
cline in Hungary since 2006, mainly due to the high state budget deficit. These problems were
fully manifested during the economic crisis, when there was a problem of debt repayment,
and the entire Hungarian economy was in a deep recession. All V4 countries experienced
a noticeable slump, with the exception of Poland. Poland was the only one to remain in the
black, mainly due to greater self-sufficiency, and Poland was not so dependent on exports.
Gradually, the V4 countries began to recover from the crisis and there was a slight increase
after the recession, as shown in Figure 1.
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Figure 1. Development of real GDP growth of V4 countries for the period 2000-2018 (v %)
(source: Eurostat, 2018a, own calculations)



906 R. Krkoskovd. Causality between energy consumption and economic growth in the V4 countries

3.2. The energy policy

The Czech Republic has approved a national energy policy (SEP), the aim of which is to re-
duce energy consumption and improve the energy intensity of the economy. The aim of this
project is to build a competitive and sustainable energy sector. The results also show that the
Czech Republic is performing well in the renewable energy sector. One of the main objec-
tives of the SEP is the development of nuclear energy. The SEP also establishes key targets
for energy security, emissions, energy savings, electricity generation, and affordability. This
review also provides recommendations for further policy improvements that are intended to
help guide the country towards a more secure and sustainable energy future (International
Energy Agency [IEA], 2018a).

The Slovak Republic has made significant progress in the area of energy policy. These are,
in particular, the areas of energy security and competitiveness. The review includes incor-
porating ambitious targets for 2030 on energy security, CO, emissions, and energy markets;
continuing to decarbonise the heating sector; developing a clear and transparent program
for eliminating administratively determined end-user prices of electricity and natural gas;
and taking further measures to limit energy-related CO, emissions in the transport sector,
in particular (IEA, 2018b).

Poland’s energy strategy addresses the issue of coal, as the coal industry predominates in
the Polish energy sector. The aim is to reduce sources of greenhouse gas emissions, increase
energy efficiency, ensure energy security. Poland has achieved good results in the field of
renewable energy. Nuclear energy could play a significant role in the country’s energy supply
(IEA, 2018c).

In Hungary, the topic of energy policy elaborated in the National Energy Strategy to 2030.
As in other countries, and Hungary are important for the following areas: safety, sustainabili-
ty, competitiveness and reduce emissions. Hungary has already invested in infrastructure and
other investments can be expected in the field of nuclear energy (IEA, 2018d).
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Figure 2. Final Energy Consumption V4 countries for the period 2000-2018
(million tonnes of oil equivalent) (source: Eurostat, 2018b, own calculations)
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Figure 3. Energy Consumption V4 countries for the period 2000-2018 per capita
(kg of oil equivalent) (source: Google, 2020, own calculations)

Another possible indicator for assessing the country’s energy consumption is the final
energy consumption per capita, which is shown in the following Figure 3. In the Czech Re-
public, the final energy consumption per capita is the highest. Most economically developed
countries (with high GDP per capita) have a higher indicator. However, for example, the
United Kingdom has this value just below the EU average and France has lower values than
the Czech Republic. Energy consumption per capita in the Czech Republic and Slovakia is
higher than the EU average and in Hungary and Poland, there is lower (Europa.eu, 2020a).
According to energy intensity of the economy in 2017: the Czech Republic = 152, Hungary =
134, Poland = 131, Slovakia = 138 [kg of oil equivalent per 1000 EUR]. Energy consumption
in the Czech Republic is extremely high, and the potential for energy savings is higher than
in other neighboring countries. Only Bulgaria and Estonia have higher energy intensity. The
countries of the former Eastern bloc generally have higher energy intensity than the countries
of Western Europe, (Europa.eu, 2020b). This fact is to a large extent also influenced by the
greater industrial orientation of the past.

4. Relationships between economic development and energy
consumption - co-integration analysis

The data used have the character of quarterly time series in the period from 2000Q1 to
2019Q3. Quarterly time series data in the period from 2000Q10 to 2019Q3 were used for the
calculations. All values were considered in logarithmic terms (EViews 12 (IHS Global Inc.,
2020)). Data were obtained from the Eurostat database.

Variables used in our research are: GDP and the energy consumption. Variables CZ_GDP,
SK_GDP, HU_GDP and PL_GDP are listed in million units of national currency and consid-
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ered in logarithmic terms. Variables CZ_EC, SK_EC, HU_EC and PL_EC are listed in million
tonnes of oil equivalent (TOE) and considered in logarithmic terms.

In the article the individual analysis of each country (chapters 4.1-4.4) are performed.

The variables (CR_GDP, CR_EC), (PL_GDP, PL_EC) are type of I(1) as the Table 2 shows.
Therefore, the long-run co-integration relationships may exist between these time series.
Using the Johansen’s method, it was confirmed the existence of 1 co-integration relationship
for VECM(1) in the case of the Czech Republic. In the case of Poland the variables are not
co-integrated.

The variables (SK_GDP, SK_EC), (HU_GDP, HU_EC) are zero-order integrated. In the
case of Slovakia and Hungary the energy consumption use Granger causes the GDP. The
Granger causality for Poland has not been proven.

If the variables are not co-integrated we can use the VAR model to determine the direc-
tions of causality. The direction between the energy consumption (EC) and the GDP can be
of 4 kinds:

1) EC Granger causes GDP; growth hypothesis. Programs aimed at reducing energy con-
sumption may limit economic growth. Increasing energy consumption can lead to
economic growth. Energy is a necessary production factor, similar to labour or capital.

2) GDP Granger causes EC; conservation hypothesis. Policies aimed at reducing energy
consumption may be implemented with little or no impact on economic growth.

3) EC Granger causes GDP and GDP Granger causes EC; feedback hypothesis. It is an
interconnection between GDP and energy consumption.

4) No Granger-causality exists; neutrality hypothesis. There is no significant relation-
ship between energy consumption and GDP or economic growth. Thus, energy policy,
whether aimed at increasing or reducing energy consumption, will not affect economic
growth and vice versa.

Cases 1) and 2) represent uni-directional causality and case 3) represents bi-directional

causality.

The first step is testing the stationarity of variables included in the model or their first
differences. Table 2 shows the test results for all variables of all countries. The Dickey-Fuller
test (ADF) was used to test the stationarity. The column Result means the result of testing:
N = non-stationary variable, S = stationary variable.

Table 2. ADF test (source: own calculations, EViews)

variable | n/c/c +t | T-stat | Prob. | Result variable n/c/c +t| T-stat | Prob. | Result

CR_GDP c -0.468 | 0.891 N D(CR_GDP) [ —4.886 | 0.001 S
CR_EC c -1.238 | 0.653 N D(CR_EC) c —4.495 | 0.001 S
SK_GDP c+t -5.215 | 0.001 S

SK_EC n -4.656 | 0.027 S

HU_GDP c —4.047 | 0.035 S

HU_EC c+t -4.971 | 0.000 S

PL_GDP c+t -1.612 | 0.778 N D(PL_GDP) c+t -3.127 | 0.032

PL_EC n 1.724 0.978 N D(PL_EC) [ -3.387 |0.014
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4.1. The Czech Republic
Existence of one long-term bond can be specified by a co-integration equation:
EQ_CR = CR_GDP, + 28.38CR_EC,. 3)

We can see that the co-integration vector is (1.00; 28.38). This means that a 1% decrease
in CR_EC will cause an increase in CR_GDP by 28.38%. This means that reducing energy
consumption leads to faster GDP growth. This is the motivation for so-called “austerity pro-
grams’.

Table 3 shows that the correction term is statistically significant and the model explains
the return to long-term equilibrium. Regarding regression coefficients, it can be argued that
GDP is negatively related to the energy consumption, with quarterly delays.

Table 3. Estimates VECM(1) (source: own calculations, EViews)

Error Correction: D(CR_GDP) D(CR_EC)
CointEql -0.010663" -0.013747""
(0.00487) (0.00414)
[-2.18754] [-3.31919]
D(CR_GDP(-1)) -0.078228 0.190736
(0.13026) (0.11068)
[-0.60056] [ 1.72331]
D(CR_EC(-1)) -0.728761"" -0.413017""
(0.20595) (0.17499)
[-3.53856] [-2.36017]
C 0.013338"" -0.000691
(0.00548) (0.00466)
[ 2.43356] [-0.14831]
R-squared 0.515 0.319

Note: Statistical significance at the 0.01 level ("), at the 0.05 level (™), at the 0.1 level ().
Standard errors in () & t-statistics in [ ].

This part of article deals with the testing of short-term relationships (Granger causality).
The Granger causality test is a statistical hypothesis test for determining whether one time
series is useful in forecasting another (Granger, 1969). Rather than testing whether Y causes
X, the Granger causality tests whether Y forecasts X. It is necessary to work with the station-
ary time series. Due to the fact that these are quarterly data, Granger causality is tested at
the 1, 2, 3, 4 delay. The similar procedure is given in Krkoskova (2020). We consider the 5%
significance level. The results of the series 1 delay test are shown in Table 4.

The Table 4 shows that the energy consumption use Granger causes the GDP. It means
that the energy conservation policies can retard the growth rate of GDP.
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Table 4. Pairwise Granger causality tests (lag 1) (source: own calculations, EViews)

Null Hypothesis: Statistic Sign.
D(CR_GDP) does not Granger cause D(CR_EC) 2.57 0.145
D(CR_EC) does not Granger cause D(CR_GDP) 4.14 0.071

4.2. Slovakia

The variables (SK_GDP, SK_EC) are zero-order integrated, i.e. I1(0). It shows Table 2.
The VAR models can be written as:

SK_EC = 0.994 + 0.259.SK_EC(-1) - 0.025.SK_GDP(-1),
SK_GDP = 1.104 - 0.537.SK_EC(-1) + 0.943.SK_GDP(-1). (4)
The first equation shows that the dependent variable EC is positively related to the rise
in the EC with quarterly delays, and negatively related to the rise in the GDP, with quarterly
delays.

The Table 5 shows that the energy consumption use Granger causes the GDP. It means
that the energy conservation policies can retard the growth rate of GDP.

Table 5. Pairwise Granger causality tests (lag 1) (source: own calculations, EViews)

Null Hypothesis: Statistic Sign.
SK_GDP does not Granger cause SK_EC 0.01 0.817
SK_EC does not Granger cause SK_GDP 8.74 0.009

4.3. Hungary

The variables (HU_GDP, HU_EC) are zero-order integrated, i.e. I(0). It shows Table 2.
The VAR models can be written as
HU_EC =0.338 + 0.421.HU_EC(-1) + 0.033.HU_GDP(-1),
HU_GDP = 1.141 - 0.805.HU_EC(-1) + 1.004.HU_GDP(-1). (5)
The first equation shows that the dependent variable EC is positively related to the rise in
the GDP and positively related to the energy consumption, with quarterly delays.

The Table 6 shows that the energy consumption use Granger causes the GDP. It means
that the energy conservation policies can retard the growth rate of GDP.

Table 6. Pairwise Granger causality tests (lag 1) (source: own calculations, EViews)

Null Hypothesis: Statistic Sign.
HU_GDP does not Granger cause HU_EC 1.58 0.245
HU_EC does not Granger cause HU_GDP 10.51 0.002
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4.4. Poland

The variables (PL_GDP, PL_EC) are first-order integrated, i.e. I(1). It has been calculated in
the Table 2.

Because the time series are I(1) it can be calculated the co-integration test for Poland. The
Table 7 shows these co-integration tests.

Table 7. Co-integration test (source: own calculations, EViews)

Country Engle-Granger test Johansen co-integration test Result.
PL -1.749 (0.577) 4.952 (0.793) No co-integration
~0.536 (0,894)

The series are not co-integrated and in the next step we determine causality directions
with the VAR-model.
The VAR models can be written as:

PL_EC =0.108 + 0.631.PL_EC(-1) + 0.071.PL_GDP(-1),
PL_GDP =1.521 - 0.346.PL_EC(-1) + 1.035.PL_GDP(-1). (6)
There are the same results as in the case of Hungary. We can say that the dependent
variable EC is positively related to the rise in the GDP and positively related to the energy

consumption, with quarterly delays.
The Table 8 shows that in the case of Poland there is no connection found.

Table 8. Pairwise Granger causality tests (lag 1) (source: own calculations, EViews)

Null Hypothesis: Statistic Sign.
D(PL_GDP) does not Granger cause D(PL_EC) 0.006 0.983
D(PL_EC) does not Granger cause D(PL_GDP) 1.51 0.356

4.5. Model assumptions, impulse response function, forecast error decomposition

Model assumptions for all countries were met: null hypotheses concerning autocorrelation,
heteroscedasticity normality were not rejected at the 5% significance level. The residual com-
ponent meets the requirements. The Table 9 shows the overview of the results of Granger’s
causality. These results are important from the perspective of energy policies.

Table 9. Conclusion of the Granger causality tests (source: own calculations)

Country Granger causality
Czech Republic, Slovakia, Hungary EC —» GDP
Poland No causality

Table 9 shows that in the case of the Czech Republic, Slovakia and Hungary the energy
use Granger causes GDP. In the case of Poland the causality has not been demonstrated.
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The decomposition of variance is eligible for testing variables and to certify the results
which are shown in Table 9. Following graphs (Figure 4) in the first column show the func-
tion of the response to a positive exogenous shock in energy consumption. The course of the
function is similar for the Czech Republic, Slovakia and Hungary. A positive exogenous unit
shock in the EC will cause a decline in GDP by Q2 and then an increase by Q3. In the case
of Poland, the function is declining. In the case of the positive exogenous shock response
function in GDP, the graphs have a different course.

Table 10 shows the results for the Czech Republic. The results in the Table 10, to be more
precise, in the 5th period, are interesting, because the shock in energy consumption aftected
64.4% of the variance of the GDP forecast error. The table also shows that the shock in the
economic growth affected 21.9% of the variance of the energy consumption forecast error.

Table 10. Results of decomposition of variance for the Czech Republic (source: own calculations,
EViews)

Variance Decomposition of CZ_EC Variance Decomposition of CZ_GDP
Period S.E. CZ_EC CZ_GDP Period S.E. CZ_EC CZ_GDP
1 0.0463 100.000 0.000 1 0.0393 60.560 39.439
2 0.0539 77.649 22.350 2 0.0421 64.249 35.751
3 0.0587 77.134 22.865 3 0.0435 64.108 35.891
4 0.0642 76.533 23.466 4 0.0449 64.334 35.665
5 0.0685 78.042 21.957 5 0.0453 64.438 35.561
6 0.0727 72.984 27.015 6 0.0456 64.364 35.635
7 0.0766 71.706 28.293 7 0.0457 64.315 35.684
8 0.0803 70.618 29.381 8 0.0458 64.261 35.738
9 0.0838 69.734 30.265 9 0.0459 64.207 35.792
10 0.0872 68.920 31.079 10 0.0459 64.164 35.835

The results of Slovakia are in the Table 11 and these results are similar as results in the
Table 10. In the 10™ period, we can see, that the percussion in the energy consumption af-
fected 66.6% of variance decomposition of the economic growth, otherwise it is 22.3%

Table 11. Results of decomposition of variance for Slovakia (source: own calculations, EViews)

Variance Decomposition of SK_EC Variance Decomposition of SK_GDP
Period S.E. SK_EC SK_GDP Period S.E. SK_EC SK_GDP
1 0.0459 100.000 0.000 1 0.0950 43.198 56.801
2 0.0575 99.534 0.465 2 0.1281 44.379 55.620
3 0.0636 88.563 11.436 3 0.1507 45.772 54.227
4 0.0674 87.224 12.775 4 0.1680 47.423 52.576
5 0.0700 85.662 14.337 5 0.1822 49.391 50.609
6 0.0719 83.999 16.001 6 0.1941 51.742 48.257
7 0.0735 82.328 17.671 7 0.2043 54.559 45.441
8 0.0748 80.711 19.288 8 0.2132 57.926 42.073
9 0.0759 79.184 20.815 9 0.2210 61.925 38.074
10 0.0770 77.766 22.233 10 0.2280 66.608 33.391
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Table 12 shows the results for Hungary. The results in the 10 period correspond to the
inference that energy consumption affects the economic growth.

Table 12. Results of decomposition of variance for Hungary (source: own calculations, EViews)

Variance Decomposition of HU_EC Variance Decomposition of HU_GDP
Period S.E. HU_EC HU_GDP Period S.E. HU_EC | HU_GDP
1 0.0551 100.000 0.000 1 0.0892 15.186 84.813
2 0.0607 99.876 0.123 2 0.1116 15.525 84.474
3 0.0618 99.638 0.361 3 0.1284 15.961 84.038
4 0.0620 99.346 0.653 4 0.1427 16.548 83.451
5 0.0622 99.042 0.957 5 0.1551 17.383 82.616
6 0.0623 98.748 1.251 6 0.1659 18.666 81.333
7 0.0623 98.474 1.525 7 0.1752 20.839 79.160
8 0.0624 98.223 1.776 8 0.1833 24.886 75.113
9 0.0625 97.993 2.006 9 0.1904 32.854 67.145
10 0.0626 97.785 2.214 10 0.1967 47.647 52.352

Table 13 describes the results of Poland and we can see a weak causality direction.

Table 13. Results of decomposition of variance for Poland (source: own calculations, EViews)

Variance Decomposition of PL_EC Variance Decomposition of PL_GDP
Period S.E. PL_EC PL_GDP Period S.E. PL_EC PL_GDP
1 0.0748 100.000 0.000 1 0.0479 7.698 92.301
2 0.0772 99.979 0.020 2 0.0665 9.364 90.635
3 0.0774 99.950 0.049 3 0.0829 15.722 84.277
4 0.0774 99.921 0.079 4 0.0964 19.674 80.325
5 0.0774 99.891 0.108 5 0.1075 12.065 77.934
6 0.0775 99.865 0.134 6 0.1169 23.612 76.387
7 0.0775 99.840 0.159 7 0.1250 24.680 75.319
8 0.0775 99.818 0.181 8 0.1321 25.458 74.541
9 0.0775 99.797 0.202 9 0.1383 26.047 73.952
10 0.0775 99.777 0.222 10 0.1439 26.508 73.491

5. Regression analysis

The values of the correlation coefficient between GDP and energy consumption for V4 coun-
tries are shown in Table 14. There are correlation coefficients for two periods.

The following notation is used in the tables in this section of the article: Statistical signif-
icance at the 0.01 level ("), at the 0.05 level ("), at the 0.1 level ().

Table 14. The values of the correlation coefficient (GDP and EC) (source: own calculations, EViews)

Czech Republic Slovakia Hungary Poland
2000-2007 0.692" 0.219 0.743" 0.911"
2008-2019 -0.024 —-0.085 0.489 0.898™"
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In the first period from 2000 to 2007 the dependence between GDP and energy consump-
tion has confirmed for the Czech Republic, Hungary and Poland. For the second period from
2008 to 2019 this relationship has confirmed only for Poland. Historically, GDP had a strong
relationship with energy consumption, as countries were more oriented towards the man-
ufacturing industry. It is interesting that the correlation coefficient is statistical significant
for Poland (for both periods separately) but the co-integration relationship was not proved.

According to regression coefficients we can say, that all regression coefficients are sig-
nificant for the case of the Czech Republic (Table 15) and Hungary (Table 17). It means

Table 15. Regression analysis for the Czech Republic (dependent variable CZ_GDP)
(source: own calculations, EViews)

Coeflicient Std.error t-ratio Significance
CZ_EC 156911.9 41069 3.82 0.0017"
CZ_CPI 74980.5 5761.5 13.1 0.000™"
CZ_UNE -85637 27447.9 -3.12 0.007"
C -6392094 1593098 -4.01 0.001™"
Table 16. Regression analysis for Slovakia (dependent variable SK_GDP)
(source: own calculations, EViews)
Coeflicient Std.error t-ratio Significance
SK _EC —247.6 1262.7 -0.19 0.847
SK_CPI 1017.8 90.5 11.25 0.000™"
SK _UNE -1304.6 267.7 -4.71 0.000""
C —6295.2 22587.6 -0.28 0.784
Table 17. Regression analysis for Hungary (dependent variable HU_GDP)
(source: own calculations, EViews)
Coeflicient Std.error t-ratio Significance
HU_EC 1517085 233696.8 6.49 0.000™"
HU _CPI 425169 10089.7 42.14 0.000™"
HU _UNE -692605 85273.14 -8.12 0.000""
C -3.107 4241037 -6.98 0.000™"
Table 18. Regression analysis for Poland (dependent variable PL_GDP)
(source: own calculations, EViews)
Coefficient Std.error t-ratio Significance
PL_EC 19332.6 6672.6 2.89 0.01™
PL _CPI 26561.6 2977.2 8.92 0.000""
PL _UNE -9983.9 6835.1 -1.46 0.164
C -2086716 467991.6 ~4.46 0.000™"
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that variables energy consumption EC, rate of inflation CPI and unemployment rate UNE
contribute to the explanation of the variable GDP. In the case of Slovakia (Table 16), there
was not a significant regression coefficient for variable energy consumption, and in the case
of Poland (Table 18), there was not a significant regression coeflicient for the variable un-
employment rate.

Conclusions

All V4 countries are part of the European Union and the European Union is an economi-
cally strong, politically stable, and technologically one of the most advanced regions of the
world. Its high standard of living is made possible mainly by a functioning energy sector.
The European Union has set itself three main priorities for energy: reducing import depen-
dency, combating climate change, and increasing competitiveness. The first instrument to
address these priorities is to increase efficiency and save energy (lower consumption means
lower imports, lower emissions, and lower costs), and the second is to promote renewable
resources. As analysing the economic development and energy consumption is a very current
topic, there are many relevant studies with different methodologies.

This study has investigated the relationship between aforementioned variables in the
Czech Republic, Slovakia, Hungary, and Poland during the period of 2000-2019. Among
other things, bivariate models were used in this article. Using these models, a causal relation-
ship was determined: cause and effect. If the cause is energy consumption, then caution must
be taken, as this can lead to a reduction in economic growth. To test the stationarity, it was
used the ADF test. Variables were zero order co-integrated (Slovakia, Hungary) or first-order
co-integrated (the Czech Republic, Poland). For countries the Czech Republic and Poland, it
was applied the Johansen co-integration test.

For the Czech Republic, the co-integration relationship was proved and in the next step,
it was used the VECM model. A cointegration test was performed and this test proved the
existence of a long-term equilibrium relationship between the variables. The results of the
VECM model show that in the Czech Republic there is a short-term causal link from energy
consumption to economic growth. These findings suggest that it is important not to reduce
energy consumption, as this could lead to a reduction in economic prosperity. In the case of
Poland, the co-integration relationship was not proved and in the following step, it was used
the VAR model. In the case of Slovakia and Hungary, there were used the VAR models. In
three countries (Slovakia, Hungary and the Czech Republic), it has been shown that energy
consumption could lead to economic growth. The results have been suggesting that energy
consumption is a major factor influencing economic growth. In these three countries, energy
conservation issues should be addressed with the utmost caution, as these policies may have a
negative impact on economic growth. In the case of Slovakia, there is a negative relationship
and it means that decreasing the energy consumption leads to the faster increasing GDP. It
is a motivation for economic measures. On the other hand, in the case of the Czech Republic
and Hungary there are positive relationships between energy consumption and economic
development and it means that the economic measures slow down economic growth. En-
ergy conservation may harm economic growth in these countries. In Poland, there is not a
significant relationship between energy consumption and economic growth.
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Data for the period 2000-2019 were used for the research. During this period, specifically
2007-2008, the countries were affected by the economic crisis and this fact may be an impor-
tant factor influencing the research. With the exception of the Czech Republic had deficits
of the current account deficit mainly deepened since their entry into the EU (EUROSTAT,
2010). Energy plays a crucial role in socio-economic development, industrial, health, educa-
tion, employment and overall welfare of a country. A sufficient amount of energy supply, as
well as its efficient utilization of the energy, is needed for an economy to completely expe-
rience growth and development. Further research in this area could address the analysis of
the share of total energy consumption in individual sectors (households, industry, services,
transport and agriculture) in V4 during the financial crisis.

The relationship between energy consumption and economic activity is not perfect. In-
dustry is particularly demanding on energy consumption; on the contrary, services require
less to create the same added value compared to the energy industry. Both of these sectors
were affected during the coronavirus crisis. The measures against the spread of the pandemic
themselves are mainly targeted at services — restaurants, accommodation services, shops have
been closed, which in turn also affects transport and other related services or industry. The
decline in the economy approximated by the decline in energy consumption is thus rather
the lower limit of the estimate of the decline in economic activity.

Although the relationship between economic activity and energy consumption is not
perfect, its information value is unquestionable. Recent developments (June 2020) have not
added much optimism. The decline in energy consumption has increased. We will have to
wait for the economy to stabilize. One of the long-term factors that could affect the size of
energy consumption is the GDP factor in many studies. Historically, it was this factor that
had a strong relationship with energy consumption (this is confirmed by the values of the
correlation coefficients), as countries were more oriented towards the manufacturing indus-
try, but today the situation is different.

There may be more reasons why bi-directional causality does not confirm for any country
of V4. But the main reason is austerity measures that lead to reduced energy consumption.
The austerity measures are divided into groups that combine savings of a similar nature:
insulation, energy efficiency, installation of new equipment, lighting, control and regulation,
public and non-public transport, etc. However, energy production requires funding that will
increase GDP.

This paper deals with the long-run relationship between energy consumption and real
GDP for V4 countries from 2005 to 2019. Suggestions for further research: further research
can be extended to deals with the short-run relationship between energy consumption and
real GDP for V4 countries. Within a short period, it can be investigated whether, for example,
the factors of day length, temperature affect energy consumption.
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