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A B S T R A C T

Analyzing of the effects and the determinants of the energy paradigm changes on influencing the economic
growth in European Union starts from the assumption that the economy is highly dependent of energy
consumption in achieving of the economic growth and welfare for population. Consequently, the changes in the
energy paradigm imply significant transformations in the production structures and their evolution. The aim of
the paper is to present and evaluate the effects and determinants of the energy paradigm changes on assuring
economic growth in European Union, by using the panel data approach and its subsequent techniques. In this
respect, there was considered the evolution of nine economic variables across 30 countries, representing the EU
member States during the examined period, plus Iceland and Norway, in order to revile direct and irrefutable
connections among these variables in shaping the new energetic paradigm in European space. The results
obtained during the research confirm that all nine variables are determinant and significant elements in shaping
a new and proactive energy policy and it undoubtedly contribute in achieving of the sustainable economic
development

1. Introduction

The possibility of changing the energy paradigm at the EU level
represents a complex issue that has attracted particular attention. The
attention paid to energy aspects is linked by the use of energy in the
economic processes, the fluctuations of energy intensities of the
national economies, the effects on the population welfare, amid
worsening the dependence on energy imports, sometimes from sources
affected by conflicts or political instability. In this vision, the energy
and the new energy paradigm represents not just a major research
topic in literature [1–3] and academia, it become a strategic goal, for
policy makers, governments, and public administration structures. All
these stakeholders are involved in a demarche of assurance of the
energy independence and stability, having deferent significance and
impacts on developing the new economic paradigm and in shaping of
the new production structures. In contemporary economic develop-
ments, the energy tends to become a major politic, social and economic
objective. The energy is considered to be among the most important
vectors in assuring and promoting of sustainable economic develop-
ment in actual capitalist societies. The role of energy in society is
complex and often hard to be identified and clearly measured.

The energy and complementary aspects related to the energy sector
tends to become in the near future a fundamental problem not only in
European economic space, but also a factor in achieving of the politic
stability and a key element in limiting of the climate change.

The analysis of the effects and determinants of the energy paradigm
changes on influencing economic growth had faced numerous aspects
in the literature [4,5]. By its essence, the energy represents a factor
with significant influence towards the quality of life and social well-
being, and ensures a smoothly run for the other economic components
and structures as [6] noticed As [7] argues energy represents a vital
input in every economic system in any time period. In recent studies
[8–12]; is emphasized the importance of energy in assuring of the
sustainable economic development and diversification of economic
structures towards their transition to improved energy efficient pro-
cesses. A recent study [13] investigates in a panel of twenty-five OECD
countries for the period 1981–2007, a possible long-run relation
between economic growth and oil consumption. Another research
[14], using the same technique in case of some of OECD countries
for a longer period (1980–2010) identifies significant effects of
economic growth on oil demand. Another study [15] point out the
positive relationship of energy consumption and gross fixed capital on
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economic growth
In the contemporary economic context, the national economies are

generally dependent on traditional energy sources and rely on capita-
lizing on these sources in delivering consistent and long-term economic
growth. Starting from this reality, contemporary economies have
developed a specific energy paradigm [16,17], dependent on the
exploitation and capitalization of classical sources of energy (coal, oil
and natural gas). Nevertheless, the new environmental realities are
urging the additional efforts to think of new sources and possibilities of
sustaining the energy raw materials of the economy. The development
of a sustainable energy policy however, has imposed an irreversible
change from the fossil energy sources to renewable energies, in order to
reduce the dependence on classic resources and to expand the
possibilities of supply and the scientific research in the field. From
this perspective, the examination of the emerging effects and the
determinant factors involved in changing of the current energy para-
digm on the economic growth in Romania and the EU represents an
important analysis.

Generally, addressing the role of energy and its rational use towards
the sustainable economic development in contemporary economies
starts from classical economic theories [18,19]. These theories directly
emphasize the aspects related to the production process, the incorpora-
tion of energy into the produced goods, and consider the energy as a
production factor with special features. However, the energy is not just
a production factor – it plays a complex social role. Considering the
multidimensional nature of energy in contemporary economies, it
exerts complex influences in economy and society; it represents a
compulsory and constant element in determining of the economic
growth, in modeling of the social system and the social consumption
habits. Other researches [20–23] emphasize the importance of the
availability of the energy and its influence in the production processes;
other studies analyze the correlation between energy consumption and
performances of the national economies [4,24].

Despite the current evolution of the European economies, and of a
numerous and important technologic changes, massive investments, a
new policy framework in the field and the changes of the European
energy policy paradigm developments, the energy continues to be a
most disputed topic in the field, which raises numerous approaches,
solutions and academic debates.

As the global environmental situation tends to worsening, is
manifested a growing interest in mitigation of the carbon emissions.
In this respect, exists a large number of researches [18,20,23–25],
regarding the interrelated aspects to energy structure, production,
prices, taxation, consumption, very often in relationship with the
economic growth and economic structure diversification.
Investigating the causality relationship between energy consumption
and Gross Domestic Product (GDP) and the co-movement in case of
eighteen developing countries during 1975–2001, [48] reviles signifi-
cant causality relationships between the considered variables.

The analysis of the energy paradigm transformations during the last
period reviles mostly an un-convergent policy in the field, with
significant challenges of the paradigm, which needs to be properly
understood in the context of the new European energy policy trans-
formations. Obviously, the increasing dependence of contemporary
economies by energy consumption has triggered numerous inner
mechanisms in sustaining an ever more difficult economic growth,
accentuated by the supplying inconstancies. Defining a new energy
paradigm, closer to the actual economic demands it should not be left
exclusively to public authorities and institutions or to the stock market
mechanism. In this context, it is necessary to increase the involvement
of the existing national regulatory authorities in each Member State to
oversee the implementation of specific energy policy instruments. On
the other hand, the academia and the study groups are called upon to
provide the scientific basis for the policy measures and to orient the
system towards the best practice in the field, and, not least, the public
opinion as a barometer in assessment of the energy policy functionality.

The study of the emergence of the effects and determinants of the
energy paradigm changes on influencing economic growth in Europe
has offered numerous valuable insights. [26] noted in his study that the
increases in energy consumption during the years have determined
dramatically changes in historical energy transitions. Also, [21] iden-
tifies the influences of the energy service usage and the changes in
energy consumption behavior towards the economic developments.

Understanding of the role and the energy influence in assuring of
the sustainable development in contemporary economies represents a
great challenge in context of the new energy paradigm adjustments and
approaches. The evolution of the energy paradigm defines, in a tight
manner, the transformation of the contemporary economies and
societies, being a fundamental instrument in achieving of the sustain-
able economic development. In contemporary economies, the energy
represents more than a simple production factor - it had started to
become a determinant instrument in shaping economic structures and
policies, being in the same time instrument in political negotiations.

In this context, achieving of the sustainable economic development
implies not only a rational use of energy, but also new and diversified
sources of energy, stability in supplying and designing a new paradigm.
Energy transformations during the economic processes contribute in
increasing the value of the classical production outcomes, assuring
perspectives in developing economic stability by achieving fulfillment
of the economic policy goals. In a research conducted by [27], they
discovered that 60% of Latin American and Caribbean countries
develop a positive bidirectional long-run relationship between energy
consumption, carbon dioxide emissions, and economic growth.

Staring from the assumption that the energy represents one of the
determinant factors in promoting, diversification and achieving of a
high economic development, but also a constraining element in this
respect it is necessary to examine the effects and determinants of the
energy paradigm changes on influencing economic growth. From this
perspective, the main aim of the paper is to asses a possible existence of
direct and irrefutable connections among considered variables em-
ployed in research in shaping the new energetic paradigm in Europe
from an economic perspective, by using the panel data approach, using
the specific data regarding thirtieth countries including the EU-28
member states plus Iceland and Norway.

2. Data series and preliminary results

In the current research, there are employed the latest available
datasets on the Eurostat website for nine economic variables and thirty
states regarding the importance of the energy and renewable energy
particularly, towards the economic growth. In the table below are
presented the data series considered in designing the research, the
range of data availability, and the symbols used for designate each
series (Table 1).

For the data considered above, Table 2 contains the descriptive
statistics of the datasets considered in the paper. As the common range
of data availability is 2004–2015 and the present work is based on the
panel data approach, the considered period is set accordingly.

In case of Table 2, the results of the Jarque-Bera test reveal that the
considered series are normally distributed, for a significance level of
1%.

3. Materials and methodology

In designing of the current research, the main instrument used in
carrying out the analysis is the panel data methodology and its
subsequent techniques. This method is employed with the aim of
identifying the existence of a certain economic behavioral pattern
among the considered economies, regarding the effects and determi-
nants of the energy paradigm changes on influencing economic growth.

The choice of employing this methodology is based on its robust-
ness and its high degree of applicability and it can be used in order to
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identify significant economic transformations in terms of variable
significance and expression. In order to examine different correlations
between the employed considered variables, a framework based on
panel data analysis is proposed and designed. The research approach is
following the methods of LLC designed by [28] and the panel unit root
tests Fisher-ADF and Fisher-PP as in [29].

As presented in the Table 1, the data series are annual, with twelve
years, ranging between 2004 and 2015. The starting moment is 2004,
as beginning with this year starts the availability of data for the
following variables: primary production of renewable energy, electricity
generated from renewable sources, and share of renewable energy in
gross final energy consumption, respectively. Some series of data start
in 1995 (energy productivity, energy intensity, and environmental tax
revenues), other in 1999 (households final energy consumption
originated from renewable sources), 2000 (energy dependence), or in
2002 (implicit tax rate on energy).

From the availability of the data there may be observed that current
the European framework to account for the aspects regarding the
renewable energy was settled in 2004. However, for the present work,
employing longer series of data could represent an advantage, but,
considering the missing variables above named, it would have less
point.

A common trend of the literature concerned in the analysis of
various aspects in the field of energy, is represented by the using of the
panel data approach and of its subsequent techniques, in order to
identify and explain possible correlations and influences between
specific variables.

As the latest developments in the literature in the field [19,22,30];
of energies analysis suggest, the endogeneity of the variables represents

a hypothesis that should be considered with a high degree of
probability. In conditions of a non-stationary and cointegrated panel
with endogenous variables, an adequate econometric specification
represents a basic requirement in order to ensure correct and unbiased
estimations [31]. In application of cointegration techniques, consider-
ing of the Granger non-causality tests represents the essential tool,
aimed to ascertain the error correction mechanism (ECM) and to
explore the short and long-run relationships existent between the
examined variables [32].

As it is shown by numerous studies in the field, [33–35] cointegra-
tion analysis represents the specific technique used to evidence the
existence of a long-term relationship between the set of integrated
variables, but not only time sufficient for accepting the causality
hypothesis two econometric variables. In this context, the cointegration
once proved, the loss of information in the long-run relationship
between the variables induced through differencing is avoided by using
of the ECM, which implies the further existence of a long-term
relationship of equilibrium between the variables in question.

First, it is necessary to test for panel unit root. However, panel unit
root does not represent a fundamental problem in panel data approach,
particularly in cases of relatively short range of time series, as in the
case of present paper.

The heterogeneity of specific parameters for each country-section
induces inherent difficulties in testing for the stationarity of panel data;
on the other hand, if the cross-sectional units are considered as
independent, sometimes, it may not represent the proper approach.
In order collect as much as possible from the virtuous and to avoid
backward aspects of using of these tests, there were considered
examination via the commonly used tests for panel unit root.

These tests represent either specific developments, either improve-
ments of the time series unit root tests, adapted in an applicable form
to the panel data environment. The former include [28], and [36] as
LLC and IPS; and the latter refers to Fisher-type tests based on PP [37]
and ADF tests [29] as (F-PP and F-ADF).

All the four tests employed in this research have the null hypothesis
of a unit root in various forms including against the alternative of
stationarity. Fundamentally, the form of the autoregressive model is
[38]:

∑Δy ρy θ Δy δX ε= + + ′ + ,it i t
L

pi

iL i t L it it, −1
=1

, −
(1)

Implementation of the LLC test consists on running separate ADF
regressions for each country. The null hypothesis assumes the existence
of a common unit root process, thereby ρ has the same value across
countries, against the alternative hypothesis of stationarity.

In recent literature, IPS is considered as the most used unit root test
in panel data approach, because it has a greater contribution in
relaxing the restriction of homogeneity specific in case of the LLC test,
also allowing for values of ρi, which in most cases may differ among

Table 1
Variables description and data series availability.
Source: authors based on: Eurostat [54]

Symbol Variable description Data availability

e_dep Energy dependence (%) 2000–2015
e_int Energy intensity (kg of oil equivalent per 1 000 Euro

of GDP)
1995–2015

e_pty Energy productivity (Euro per kilogram of oil
equivalent)

1995–2015

el_rs Electricity generated from renewable sources (% of
gross electricity consumption)

2004–2015

e_tax Environmental tax revenues (Percentage of GDP) 1995–2015
hc_rw Households final energy consumption originated

from renewable sources
1999–2015

i_txe Implicit tax rate on energy (EUR per tonne of oil
equivalent)

2002–2015

pp_re Primary production of renewable energy (ths.
tonnes of oil equivalent)

2004–2015

sh_rec Share of renewable energy in gross final energy
consumption (%)

2004–2015

Table 2
The descriptive statistics of the datasets.
Source: authors’ computations based on Eurostat data.

Variables e_dep e_pty e_tax e_int el_rs hc_rw i_txe pp_re sh_rec

Mean 32.6 6.49 2.6 1.98 26.2 19.1 1.795 5.852 18.86
Median 52.8 6.8 2.48 1.47 17.4 16.1 1.725 2.811 14.30
Maximum 104.1 16.1 4.99 6.31 113.7 52.4 4.360 38.886 72.50
Minimum − 740.1 1.60 1.44 0.62 0.0 0.0 0.764 0.000 0.10
Std. Dev. 122.21 2.92 0.62 1.14 25.7 13.9 0.706 6.899 16.63
Skewness − 4.88 0.44 0.92 1.58 1.6 0.5 1.142 1.815 1.56
Kurtosis 26.6 2.8 4.07 5.34 5.0 2.2 4.695 6.449 5.08
J-B test 9757.8 12.0 67.2 231.1 209.1 25.9 121.1 375.0 211.1
Probability 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sum 11,705 2330 934 711 9390 6847 644 2101 6771
S.Sq. Dev. 5,347,031 3047 138 469 236,461 69,460 178 17,039 99,063
Obs. 359 359 359 359 359 359 359 359 359
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countries. In this case, the testing procedure for IPS test is based on
computation of the t -statistic as the average of the ADF unit root test
statistics, using the following (2) as in [39]:

t
t

N
=

∑i
N

ρi=1
(2)

In (2), tρi designates the individual t-statistic in case of testing the
null hypothesis represented by each country in the panel which follows
a unit root process as ρ = 0i for all i. The alternative hypothesis in this
case is described by [40]:

H
ρ i N
ρ i N N

:
< 0, for = 1,
= 0, for = + 1,

,i

i
1

1

1
⎪

⎪⎧⎨
⎩ (3)

Also, for a functional version of the alternative hypothesis it is
required that the fraction of stationary cross-sectional series to be
nonzero, by following the condition that γ γlim ( ) = , 0 < < 1N

N
N→∞

1 . For
ensure the consistency of unit root test, if the lag order is always zero
(ρ = 0i , for each i), IPS test provide simulated critical values of t for
different number of time-length series T , and cross-sections, N .

As [36] argues in the general case, in which ρ ≠ 0i for a fraction
cross-sections, IPS shows that a properly standardized t follows an
asymptotic normal distribution [36].

Alike to IPS test, the F-ADF and F-PP tests allow for ρi to vary
across cross-sections and, consequently, a fraction of individuals to
have a unit root. In the general framework of the Granger non-causality
tests, the individuals which are found to follow an integrated process of
the same order, usually, of order one, I (1), this relationship has to be
tested for cointegration.

For testing the cointegration among series in this research is used
[41] Kao test. Although this test was initially designed to be applies in a
bi-variate context, [42] indicates that this test has a higher power in
comparison with other competing tests, especially in homogenous
panels and when, as in our case, the length of time series is relatively
short. Basically [43], Kao test is a version of ADF test, carried out either
on the residual (εit) of the auxiliary regression ε ρε ν= +it it it−1 , either
based on the augmented variant of the pooling specification in (4) as in
[43]:

∑ε ρε λ Δε ν= + +it it
j

p

j it j it−1
=1

−
(4)

Under the null of no cointegration, the augmented version is
constructed upon the (5) [44]:

ADF
t

N=
+

/+
~ (0, 1),

ρ
N σ
σ

σ

σ
σ
σ

6 ˆ
2 ˆ

ˆ
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v

v

v

v

0

0
2

2

2

0
2 (5)

Whereby σ̂v
2 is denoted the estimated variance and σ̂ v0

2 represents the
estimated long-run variance of the error term.

The basic assumption of the Kao test is that the value of ρ does not
vary across the countries in the panel. As [45,46] propose in his
research seven types of cointegration tests residual - based that relax
this assumption, and allows for meaningful heterogeneity. All the
Pedroni tests are based on the estimated residuals of panel regression
described by: ε ρ ε ν= +it i it it−1 , under the null hypothesis of no coin-
tegration, where ρ = 1i .

The denomination of error correction term for the cointegration
term is originated in the gradual correction of the deviation from the
long-run equilibrium achieved via a series of partial short-run adjust-
ments [39,40]. The model is specificated upon the following forms
[2,17,39]:

Δedep α β ECT δ Δedep

γ Δe γ Δshrec u

Δshrec α β ECT δ Δedep

γ Δe γ Δshrec w

= + + ∑

+ ∑ int + ... + ∑ +
...

= + + ∑

+ ∑ int + ... + ∑ +

i t i
edep

i
edep

i t
edep

j
m

ij
edep

i t j

s
q

is
edep

t s s
v

is
edep

t v it

i s i
sh rec v

i t
sh rec

j
m

ij
sh rec

i t j

s
q

is
shrect

t s s
v

is
shrec

t v it

, , −1 =1 , −

=1 1, − =1 9, −

, , −1 =1 , −

=1 1, − =1 9, −

As a result of the correlation existent between the lagged endogen-
ous variables and the error term, in specification of VEC models, it is
necessary to be present an instrumental variable estimator. Consistent
with the [39] approach, fixed effects are included into the model to
remove the undetected heterogeneity of the within-dimension, whist
inclusion of orthogonal deviations, alike to differences in the mean
approach, is designed to remove the heterogeneity specific to between-
dimension (panel members).

Following the [32] approach, the long-run causality is measured
through the significance of ECT coefficients (or beta coefficients) using
the standard t statistic, whilst the causality in short-run is evaluated by
the joint-significance of lagged explanatory variables. In order to
ensure the model stability, the ECT coefficient, which expresses the
adjustment rate next to an exogenous shock, is assumed to be negative.

The option for using the panel VEC model approach in present
study is based on its flexibility, which allows for using of heterogeneous
panels and correction for both serial correlation and heteroskedasticity
in standard errors. From the methodological point of view, it is
noticeable that, in case of no significant evidence of cointegration, as
the adequacy of EC models is limited for cases in which the series are
integrated of order one, the EC terms are not included in the ECMs,
and the standard Granger causality models are estimated without an
EC term. In addition, in situations of no cointegration, the comparison
of all the considered variables in the EC model has to be based upon
their stationarity. Nevertheless, if added anyway, the literature indi-
cates that they report insignificant results [43].

4. Results and discussion

As there has been presented in the literature review, a plenty of
recent researches address different interrelations of the energy sector.
Most of these scientific contributions regard the economic growth and
energy taxation, examining the limits of energy taxation as a factor very
specifically correlated to sustainable development, as the human
aggression towards the environment represents an uncontestable
reality. The first researches in the field were deployed from a national
perspective, aimed mainly to compare results of VAR or OLS models
for different countries [46–48].

However, in the first studies conducted in the framework of panel
data approach, the used datasets account for reduced number of
countries, often divided into groups, upon the economic development,
geographical placement, or other criteria. Grouping based on various
criteria represented the factor that leaded to homogenous character-
istics within the respective groups. As presented in the previous
paragraph, employing of the panel data approach allows just for
control of heterogeneity. Despite the homogeneity of the policy,
settings across the European Union countries, regarding the level of
development still stand important disparities.

Our panel consists of the 30 countries, representing the European
Union member states in 2015 plus Iceland and Norway. Other
countries also adhered to the framework of reporting to Eurostat, but
the availability of data concerning them is usually limited at less than
five years. Yet, these data regard the candidate countries, which are
following the specific roadmap in order to ensure the improvement
domestic energy balances as a provision for joining the European
Union.

Choosing to use the Eurostat data is based on their compatibility
along the panel countries. From the econometric point of view, that
ensures the variables compatibility across the considered countries.
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The figures resulted from running of the panel unit root tests are
presented in the Table 3.

From the above data, it is obviously that, in general, the cross-
sectional units and the cross-sections are integrated of order one. Only
the using of the LLC test reported a significant part (though, a
minority) of the cross-sections to be stationary, for various levels of
significance. The results of the pairwise Granger non-causality tests for
the considered variables are presented in Table 4; consistent with the
approach described in [32], the running of the cointegration test is
performed considering, both variables as the dependent variable.

The results in the Table 4 suggest that, in majority of the cases, exist
a biunivocal significant relationship of Granger causality between the
considered datasets. According to these results, the energy dependence
represents a causal variable for energy productivity; electricity gen-
erated from renewable sources, primary production of renewable
energy and is caused by all these variables, plus share of renewable
energy in gross final energy consumption.

The energy intensity is in a biunivocal causal variable with
electricity generated from renewable sources and share of renewable
energy in gross final energy consumption, and is caused by energy
productivity.

Besides, the energy productivity represents a causal variable for
electricity generated from renewable sources and share of renewable
energy in gross final energy consumption, and is in a biunivocal cause
relationship with energy dependence.

The electricity generated from renewable sources represents a
causal variable for households final energy consumption originated
from renewable sources, is in a biunivocal cause relationship with
energy dependence, energy intensity, and primary production of
renewable energy and is caused by share of renewable energy in
gross final energy consumption.

Despite the series of researches aimed to highlight the importance
of taxation for economic growth and social welfare, based on the
available data may be observed that, in fact, the environmental tax
revenues does not cause any of the considered variables. This may be
considered consistent to the resultative specific-character of this
variable. Interestingly, this variable is caused only by households final
energy consumption originated from renewable sources, which may
represent a proof for the effectiveness of the specific policies put in
place by the appropriate authorities.

Besides the environmental tax revenues, the households final
energy consumption originated from renewable sources represents a
causal variable for electricity generated from renewable sources and
primary production of renewable energy, is in a biunivocal relation-
ship of causality with implicit tax rate on energy and causes electricity
generated from renewable sources and share of renewable energy in
gross final energy consumption.

The primary production of renewable energy is also in a biunivo-
cal relationship of causality with both electricity generated from
renewable sources and energy dependence, causes implicit tax rate
on energy and is caused by share of renewable energy in gross final
energy consumption.

The share of renewable energy in gross final energy consumption
also causes energy dependence, electricity generated from renewable
sources and households final energy consumption originated from
renewable sources; it is in a biunivocal relationship of causality with
energy intensity, and is caused by energy productivity.

The results of the pairwise Granger causality may suggest that the
variables are in a relationship of contegration. In order to ensure a
double-check of this relationship of cointegration the authors consid-
ered to examine the partial correlation between the considered vari-
ables. The results are presented in the Table 5.

Table 3
Panel unit root tests.

Variable LLC IPS ADF-Fisher Chi-square PP-Fisher Chi-square

Level Differenced Level Differenced Level Differenced Level Differenced

e_dep − 4.2*** − 17.18*** − 0.29 − 13.98*** 58.4 267.2*** 66.7 366.7***

e_int − 4.68*** − 15.76*** 1.10 − 9.66*** 53.6 193.7*** 69.9 256.7***

e_pty − 1.22 − 15.04*** 3.70 − 9.52*** 36.94 199.39*** 38.13 274.135***

el_rs 10.44 − 9.07*** 11.58 − 6.69*** 19.17 159.24*** 23.03 179.19***

e_tax − 5.49*** − 10.7*** − 0.81 − 6.35*** 70.61 143.9*** 83.53** 179.1***

hc_rw − 1.75** − 14.74*** 2.96 − 9.42*** 37.11 203.4*** 44.65 264.75***

i_txe − 0.646 − 14.87*** 1.99 − 9.6*** 58.38 195.46*** 76.2 302.13***

pp_re 1.23 −15.23*** 5.25 − 10.02*** 28.39 209.7*** 35.81 261.22***

sh_rec 1.96 − 11.46*** 7.13 − 7.3*** 17.62 158.35*** 40.08 211.57***

Notes: Lag length determined upon the modified Schwartz Info Criterion.
Probabilities for the LLC and IPS tests are computed assuming asymptotic normality. Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution.
All tests equations include individual constant term („fixed effects”).
Differenced refers to series resulted from first-difference.
***, **, * indicates the rejection of the null hypothesis at 1%, 5%, and 10% levels of significance (one tailed test).

Table 4
The results of the pairwise Granger causality tests.

Variable e_dep e_int e_pty el_rs e_tax hc_rw i_txe pp_re sh_rec

e_dep – 1.18 15.94*** 4.57*** 0.20 1.27 1.55 6.16*** 1.68
e_int 0.96 – 1.25 5.97*** 1.29 1.56 0.68 0.22 6.36***

e_pty 1.57** 3.51** – 9.24*** 1.84 0.54 2.01 4.43 2.73*

el_rs 3.78** 6.02*** 0.51 – 0.53 3.05** 0.12 8.52*** 1.64
e_tax 1.37 0.059 0.13 1.01 – 1.82 1.30 0.20 0.46
hc_rw 0.42 1.79 2.19 1.48 3.45** – 3.13** 3.26** 1.13
i_txe 1.94 1.88 1.65 0.01 0.69 3.45** – 2.01 1.13
pp_re 4.08** 0.027 1.53 3.67** 0.64 0.52 2.87** – 0.15
sh_rec 5.34*** 4.35** 1.23 3.20** 0.90 6.78*** 0.20 9.38*** –

Notes: In the first columns, the explanatory variable in the cointegrating relation; in the headings, the dependent variable.
***, **,* Indicates rejection of the null hypothesis of no cointegration at the at the 1%, 5%, and 10% levels of significance.
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In the Table 6 are presented the results reported from Pedroni and
Kao panel tests for cointegration, with the remark that the conducting
of the Pedroni test is adapted to the Eviews software package specific
that supports maximum seven cointegrated series. Therefore, consid-
ering the results of the partial correlation analysis, which indicate a
significant and high value of the correlation coefficients between share
of renewable energy in gross final energy consumption and electricity
generated from renewable sources, and respectively, between energy
productivity and energy dependence, there was considered three
subgroups.

In this respect, every subgroup contains one of the two correlated
variables, as follows: subgroup one (energy productivity and energy
generated from renewable sources), subgroup two (energy depen-
dence and share of renewable energy in gross final energy consump-
tion), and subgroup three (energy dependence and energy generated
from renewable sources), plus the other six remaining variables
respectively.

From the Table 6, there might be observed mixed results leading to
different conclusions. However, the null hypothesis of no cointegration
is rejected in majority of cases. As stated in the above paragraph,
Pedroni considers that in cases of rho and pp tests exists a bias to
under-reject the hypothesis no cointegration, especially in the case of
small samples. In our case, it is possible one may observe that, for all
the considered cases, for the rho test is accepted the null hypothesis,
whereas, for the pp-test the results are opposite. In addition, consider-
ing the result reported by the Kao test, besides the results of the
pairwise non-causality Granger tests, the inclusion of the EC term in
the VEC model is suitable. The estimation for the VEC model, using
GMM method, consistent with the approach of Arellano-Bover are
presented in the Table 7.

The significant results in the estimated αi (Error-Correction-Term)
highlight different situations of the considered variables. Therefore, the
negative values tending towards zero indicate that the long-term
adjustment process is slow; this is the case for the energy intensity

and electricity generated from renewable sources. Primary produc-
tion of renewable energy the acts as variable that tend to overshoot the
economic equilibrium of the system. In case of share of renewable
energy in gross final energy consumption, the positive coefficient
expresses that the action of this variable is toward a deflection of the
considered system from the long-run equilibrium path.

5. Conclusions

During the recent years, many studies have focused on the different
connections between energy and energy consumption and different
economic aspects. However these researches, previously conducted
have taken into consideration just direct connections between these
aspects, without establishing future influences on the economic devel-
opment. In the introduced approach, the measuring of the effects and
determinants of the energy paradigm changes on influencing economic
growth in European Union is carried out by employing of the panel

Table 5
Results of partial correlation analysis.

Correlation e_dep e_int e_pty el_rs e_tax hc_rw i_txe pp_re

e_int 0.086
e_pty − 0.234*** − 0.854***

el_rs − 0.583*** 0.042 0.134**

e_tax − 0.074 − 0.185*** 0.235*** − 0.047
hc_rw 0.003 0.280*** − 0.374*** 0.156*** 0.141***

i_txe − 0.152*** 0.265*** − 0.194*** 0.193*** − 0.120** 0.369***

pp_re − 0.179*** − 0.306*** 0.304*** 0.279*** − 0.210*** − 0.126** − 0.0004
sh_rec − 0.556*** 0.230*** − 0.071 0.922*** − 0.070 0.266 0.291*** 0.212***

***, **, * indicates the significance of t-statistic at 1%, 5%, and 10% levels, respectively.

Table 6
Results of Pedroni and Kao panel cointegration tests.

Test statistic Subgroup 1 Subgroup 2 Subgroup 3

Statistic Weighted-stat Statistic Weighted-stat Statistic Weighted-stat

Panel v-Statistic − 2.579 − 4.507 − 2.241 − 4.063 − 2.527 − 4.853
Panel rho-Statistic 6.053 5.755 5.912 6.544 5.570 6.546
Panel PP-Statistic − 4.772*** − 10.855*** − 8.014*** − 5.200*** − 9.273*** − 10.358***

Panel ADF-Statistic − 3.731*** − 6.747*** − 5.582*** − 2.984*** − 6.861*** − 4.779***

Group rho-Statistic 8.143 – 8.581 – 8.699 –

Group PP-Statistic − 15.96*** – − 12.692*** – − 16.338*** –

Group ADF-Statistic − 6.346*** – − 4.377*** – − 5.151*** –

Kao test ADF t-Stat − 4.082*** ρ = − 0.120 (− 3.842)***

Notes: Lag length determined upon the modified Hannan-Quinn Criterion.
All tests equations include individual constant term (“fixed effects”).
For the coefficient ρ afferent to the Kao test t-Stat value in parenthesis.
***, **, * indicates the rejection of the null hypothesis of no cointegration at the 1%, 5%, and 10% levels of significance (one-tailed test).

Table 7
Estimation of error-correction-term in the vector error-correction model.

Variables ECT coefficients
(t-statistic)

Speed of
adjustment
(t-statistic)

Lag coefficient
(t-statistic)

F-statistic

e_tax 1.000 − 0.002 (− 1.150) 0.161 (2.878)
***

2.639**

e_int − 0.069 (− 4.926)
***

− 0.124 (− 2.155)
***

0.005 (2.575)
***

5.271***

el_rs − 0.098 (− 0.576)
***

− 0.005 (− 0.522) 0.010 (0.654) 9.458***

ppre − 2.263 (− 8.361)
***

− 0.025 (− 8.365)
***

− 0.042 (−
1.045)

11.357***

sh_rec 0.739 (2.657)*** − 0.007 (− 1.371) − 0.015 (−
0.527)

3.535***

Notes: Lag length: 1, 1.
***, **, * indicates the significance at the 1%, 5%, and 10% levels of significance.
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data approach and its subsequent techniques in a panel investigating
the interrelated evolution of nine economic variables within 30
European countries, (EU-28 in 2015, plus Iceland and Norway).

One of the major challenges in contemporary economies is repre-
sented by the transformation of the current energy paradigm which
implies a proper approach in the field, as it is remarked in literature
[49–53] in connection with complementary issues in the field (envir-
onmental performance, environment protection, sustainable develop-
ment and EU institutions).

The analysis of the variables employed in the research reviles multi-
objective combinations and inter-correlations among countries and
variables. In this context, the emergence of the effects and determi-
nants of the energy paradigm changes on influencing economic growth
in European Union represents a determinant research topic in litera-
ture by its main implication in designing the new energy paradigm.

Referring to the speed of adjustment, the results express the
significant influence of energy intensity and primary production of
renewable energy. Considering the significance of the lagged explana-
tory variables, which expresses the causal effect in short-term, the
results indicate important evidence in favor of variables environmental
tax revenues and primary production of renewable energy. It is
remarkable that the latter variable takes significant values for all the
aspects in the VEC model, despite the reduced and various shares of
renewable energies in total consumption, in most of the considered
countries. This situation may be interpreted in connection with the
important investments and production capacities in the field of renew-
able energies deployed especially in some European countries, aiming
to comply with the Kyoto Protocol provisions.
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Abstract: Environmental taxation represents a key influence on sustainable development in
post-transition countries. Romania has experienced important transformations of environmental
policy, including taxation, due to sustained reliance on traditional energy sources to satisfy its energy
needs. The aim of this paper is to show a possible causal relationship between the Romanian GDP
and several explanatory variables related to taxation of environmental damage and energy generation
and consumption in the country. In order to do this, the authors make use of several statistical tests
to verify the existence of a meaningful relationship between economic variables expressed in time
series. The study has also attempted to identify the influence of environmental taxation on ensuring
green economic development, starting from the premise that for emergent economies these taxes
provide both a GDP increase and prevent environmental degradation by decreasing the pollution
and environmentally harmful supplies and practices.

Keywords: energy; renewables; environment; taxation; development; emergent economy;
economic growth

1. Introduction

In modern economies, the energy represents a key factor in ensuring of the sustainable
development for the whole society. As there has been proven over time, modern economies are
largely dependent on energy, which significantly contributes to the development of the current life
standard, revolutionizing the transportation, communications, and industry, creating premises for
raised productivity levels. For the countries in the European Union, the energy taxation and fiscal
policy for energy represent key components in reducing pollution and in applying of the Kyoto
Protocol requirements [1–3].

On the other hand, the tax burden on energy production and consumption involves additional
costs, both for business and households, which are already struggling with high levels of taxation.
The competitiveness of the industrial sector and of the entire economy is directly and significantly
affected by energy taxation. Taking into account that the energy represents a heterogenous commodity,
the associated fiscal policy has to reflect this diversification, both through considered quotas and the
specific application forms. Therefore, the European fiscal policy in the field has been designed with the
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aim of functionality, in order to contribute to the efficient use of available energy resources, helping to
settle potential issues in supply, preventing wastage and unsustainable consumption of resources.

Generally, an inadequate tax policy in the field of energy may lead to a distorted or even
uncompetitive allocation of resources in the economy, which would result in an unnecessary increase
of the production prices, implying decrease in national production, depressing competitiveness
and the investments. In the literature, energy tax policies are severely criticized as being strongly
distributive [4–6]. The tax burden on fuels production and consumption affect the consumers’ standard
of living in different manners; the major drawback of this policy approach is that the most affected are
people and households with low levels of income.

On the other hand, in the lliterature [7–12], is a widely emphasized that the taxation represents an
essential stimulus towards the optimal use of resources (including the energy ones), concomitant with
reduction in greenhouse gas emissions. As a result, numerous studies [13–18] tried to evaluate the link
between the energy taxation on the one hand, and economic growth, or occupation, on the other hand.

In this context, some researches revealed that use of some green tax has a direct impact on
reduction in emissions and in increasing of the general economic output concomitant with reducing
of the income gap between different social categories, and granting social welfare [19]. Further on,
researches in the field proved that the relationship between capital investments and energy tax rates is
not significant [19]. Other studies tried to develop new methodological approaches in order to evaluate
the financial effects of environmental taxation [20,21].

The influence of fiscal policy towards the evolution of the national economy, production and
consumption structures, investments and the promotion of environmental-friendly and energy-efficient
technologies are common topics in current scientific debate. Thus, since 1920, the literature has
expressed a wide range of opinions: some authors have argued for taxation of pollution and
internalization of the associated costs, resulting of a Pegouvian tax [22]; in other views, the energy
consumption has to be treated as a contributive factor in increasing pollution. Other studies proved
that fuel taxation is highly progressive in contemporary economies, as in the cases of the United
States or Austria [23]. In this field exists a plethora of approaches: some consider only the gasoline
consumption and the associated fees [24]; other argue that in the US’s case the economy faces an
opposite phenomenon, at least in households with high incomes [6]; not least, some researches try to
evaluate the variation in taxation across countries and the subsequent consequences, based on data
provided by the Statistical Office of the European Union (Eurostat) [24,25].

If the altering of industrial competitiveness represents a certain short-run effect of environmental
taxation, in the long run, the diversity of the promoted environment policies have proved different
but significant effects on the structure of the national economy, helping to reduce carbon emissions,
carbon intensity and energy consumption [26–28]. In the literature [10], it is also claimed that the
taxation of energy consumption and associated fees can be aimed both towards internalizing of the
costs associated to the greenhouse emissions, and reducing of these emissions [10].

In this context, the main objective of this paper is the analysis of the impact and determinants of
environmental taxation on economic growth communities in Romania by analyzing the effects of this
policy on the national economic paradigms.

2. Materials and Methods

The main research feature of this article is the use of Granger causality tests [29], trying to evaluate
the causal relationship between environmental taxes and various measures of energy production and
consumption in Romania, on the one hand, and economic growth, on the other hand. to the author’s
best knowledge, this represents the first attempt in using of the Granger causality tests in studying of
the causal relationship between environmental taxes and various measures of energy production and
consumption in Romania.

In studying the direction of causal relations between a set of variables, Granger causality tests
have been extensively employed with positive outcomes. As has been proven in the literature [28–30],
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if there is co-integration in a pair of series that are integrated of order one, I (1), there must be causation
in at least one direction. Starting from this assumption, this appears to be a result of the presence of
cointegration, implying that an error correction model can be formed, of which the error correction
term has a significant effect on the dependent variable. Moreover, in the literature it has been proven
that the inter-linkages between the energy sector and the economic performance are dependent to a
great extent on the development level and economic structure of the considered countries [30–35].

As a reflection of its importance for the European Union objectives, the environmental taxation
represents a well-defined and independent policy domain. According to the Maastricht Treaty (1992)
the regulations in this field are adopted by the European Commission and not by the member states.
To carry out the present research objectives, the environmental taxation approach has been employed
consistent with the Eurostat definition, applied at the EU-28 level, including Romania. According to
the official statistics definition [36] and to the specific literature approaches [37–39] an environmental
tax is considered to be any type of tax which covers an impaired perception of the environment, whose
application is intended to limit or reduce a harmful effect.

Following the Eurostat framework, the considered datasets are represented by environmental
tax revenues calculated as a proportion of GDP (Table 1). The environmental tax revenues consist of
various taxes, such as taxes on transportation and energy products, vehicle excise duty, the value-added
tax applied to petroleum, and the air passenger duty. The taxes refer to both one-off and recurrent
taxes, such as sales of equipment and road tax, respectively. In the first stage, the European countries
designed the fuel taxes on energy and transportation as energy measurements (to decrease dependence
on petroleum imports); at present, they serve environmental purposes [40]. According to the latest
available dataset, in Romania, the energy tax accounts for 1.8% of GDP and 5.8% of total taxation [41].
Table 1 presents the descriptions of the variables used for carrying out the research in the current paper.

The results cover Romania, and the data are imported from the Eurostat database, consisting of the
environmental taxes as a percentage of total GDP and as total tax revenue. The real GDP is expressed
per capita. The explanatory variables of the research include, as in [30], the primary production
of renewable energy (Ppre), domestic material consumption (DMC), final energy consumption of
petroleum (Fecp), and total gross electricity generation (Tgeg) (all expressed per capita). Primary
production of renewable energy is employed as a proxy for environmental subsidies, in tons of oil
equivalent, as there are not sufficient and representative data on environmental subsidies for analysis.
Table 1 includes the description of the variables used in the study. The series of data used has a length
of 12 years, and it runs from 2000 to 2011, starting in 2000 as these are the earliest data available in
the Eurostat database for all the complete variable datasets, and the summary statistics are presented
in Table 2.

Table 1. Description of variables. Source: authors’ own selection based on EUROSTAT database [41].

Variable Description

Y Real GDP per capita
Taxy Total environment taxes to GDP (%)
Taxye Environmental taxes as % of GDP—Energy
Taxt Environmental taxes as % of Total Taxation—Energy

I_taxe Implicit tax rates—Energy
Taxypr Environmental taxes as % of GDP—Pollution resources
Ppre Primary production of renewable energy per capita

DMC Domestic material consumption per capita
Fecp Final energy consumption of petroleum per capita
Tgeg Total gross electricity generation per capita
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Table 2. Data summary statistics based on the raw data.

Statistics Y Taxy I_taxe Taxye Taxt Taxypr Ppre Tgeg DMC Fecp

Mean 3859.189 2.186136 52.69121 1.900517 6.746930 0.128970 0.214043 2.652599 16.91417 0.163907
Median 3900.000 2.034668 52.40125 1.766802 6.389863 0.103556 0.218385 2.691645 16.37000 0.164637

Maximum 4800.000 3.430490 68.75033 3.224650 10.67382 0.361268 0.262924 2.895884 26.83000 0.200175
Minimum 2760.667 1.779444 35.22194 1.408918 5.025840 0.006326 0.150526 2.367942 7.700000 0.125214
Std. Dev. 716.1577 0.439889 10.90903 0.458582 1.439085 0.132298 0.034606 0.183337 5.354503 0.023938
Skewness −0.212915 2.001134 −0.166889 2.132977 1.750853 0.692123 −0.515793 −0.311396 0.132096 −0.021466
Kurtosis 1.571094 6.489732 1.988086 7.061617 5.782362 2.032511 2.189466 1.696055 2.337197 1.764997

Jarque-Bera 1.111551 14.09819 0.567689 17.34755 10.00174 1.426087 0.860567 1.044071 0.254552 0.763538
Probability 0.573627 0.000868 0.752884 0.000171 0.006732 0.490150 0.650325 0.593312 0.880491 0.682653

Sum 46310.27 26.23363 632.2945 22.80621 80.96316 1.547637 2.568521 31.83118 202.9700 1.966886
Sum Sq. Dev. 5641700. 2.128526 1309.076 2.313276 22.78064 0.192531 0.013173 0.369739 315.3777 0.006303
Observations 12 12 12 12 12 12 12 12 12 12

3. Research Methodology

In this paper, the research methodology is designed based on Granger non-causality, starting
from previous research studies [30,42–45]. Despite some technical differences, as remarked in some
studies, the general approach of the Granger non-causality tests, either using time series or panel data,
involves the application of cointegration techniques with the subsequent error correction model used
to test short- and long-run causality [16,29,30,38,44,45].

Also, the concept of Granger non-causality usually incorporates a number of related aspects such
as cointegration, stability and controllability [2,10,11,14,20]. In applying the designed methodology, the
first step routinely involves testing for a panel unit root using the Im Pesaran and Shin (IPS) test, as has
been used in some previous researches [1,30,33,46]. If the variables are found to be I (1), it is then
necessary to test for cointegration, in this case the Granger test is employed. Applying the following
research model:

yt = α0 + α1xt + εt (1)

where yt is GDP (expressed in logarithms), α0, α1 are parameters to be estimated in the study and
xt is the exogenous variable considered (also if the causality testing runs in the opposite direction, xt

would be considered the dependent variable).
In this case it is required further more to pre-test each variable considered in the model in order

to show and determine the order of integration for each variable and highlight the best influence.
By definition, any cointegration imposes the mandatory requirement that both variables of the same
order be integrated. The common method employed for these cases is done using the Augmented
Dickey-Fuller (ADF) unit root test in order to infer the number of unit roots (if any) in each of the
variables under investigation [30,45]. The testing procedure for the ADF unit root test is used and
applied to one of the following models [47]:

∆yt = γ∗yt−1 +
p

∑
j=1
ϕjyt−j + εt (2)

∆yt = α+ γ∗yt−1 +
p

∑
j=1
ϕjyt−j + εt (3)

∆yt = α+ βt + γ∗yt−1 +
p

∑
j=1
ϕjyt−j + εt (4)

The two hypotheses of the test are according to literature definitions, as following [14]: H0:
γ∗ = 0⇔ series is non-stationary and has a unit root; H1: γ∗ < 0⇔ series is stationary and has no
unit root. α is a constant; β is the coefficient on a time trend series; γ∗ the coefficient of yt−1; p is the lag
order of the autoregressive process; ∆yt = yt − yt−1 are first differences of yt; yt−1 are lagged values of
order one of yt; ∆yt are changes in lagged values; and εit is the white noise.

For the last specification, the test is done under the joint hypothesis β = γ∗ = 0.
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Once the hypothesis of the unit root test is rejected, the long-run equilibrium relationship is
estimated in the form of an Ordinary Least Squares (OLS) regression line. If the variables cointegrate,
the OLS regression equation yields a “super-consistent” estimator [47]. This means that there is a
strong linear relationship between the variables under study. The strong linear relationship can be
tested in either of the following ways [30]:

(a) The coefficient of xt yields a value that falls between 0.5 and 1.
(b) The plot of yt against xt shows coordinates appearing in an increasing or decreasing direction.

The next step is to estimate the error correction model (ECM) of the dynamic structure, starting
from equation:

yt = α0 + γ0xt + γ1xt−1 + α1yt−1 + εt (5)

taking some algebraic manipulation as [30,47] results:

∆yt = γ0∆xt − (1− α1)

[
yt−1 −

α0

(1− α1)
− (γ0 + γ1)

(1− α1)
xt−1

]
+ εt (6)

Taking β0 =
α0

(1− α1)
and β1 =

(γ0 + γ1)

(1− α1)
(7)

the equation becomes

∆yt = γ0∆xt − (1− α1) (yt−1 − β0 − β1xt−1) + εt (8)

which is the ECM with − (1− α1) as the speed of adjustment, and εt−1 = yt−1 − β0 − β1xt−1

as the error-correction mechanism which measures the distance of the system from equilibrium.
The coefficient of εt−1 should be negative in sign in order for the system to converge to equilibrium.
The size of the coefficient − (1− α1) is an indication of the speed of adjustment towards
equilibrium in that [48]:

• small values of − (1− α1), tending to −1, indicate that economic agents remove a large
percentage of disequilibrium in each period;

• larger values, tending toward 0, indicate that adjustment is slow;
• extremely small values, less than −2, indicate an overshooting of economic equilibrium;
• positive values would imply that the system diverges from the long-run equilibrium path.

Testing for cointegration is achieved using the Kao test [30,48] based on a version of the ADF test
on the residual (εt) of Equation (1):

εt = ρεt−1 +
p

∑
j=1
λj∆εt−j + νt (9)

This is further used to develop the following form of the ADF statistic as it is shown by the line
described by Equation (3), which is a one tailed test and where σ̂2

v is the estimated variance and σ̂2
0v is

the estimated long-run variance of the error term and follows the parameters of the standard normal
distribution [14,30]. Also, the τADF is the ADF statistic designed in Equation (8) [30]:

ADF =
τADF +

√
6Nσ̂v/ (2σ̂0v)√

σ̂2
0v/

(
σ̂2

v
)
+ 3σ̂2

v/
(
10σ̂2

0v
) (10)



Energies 2016, 9, 902 6 of 11

The final research is conducted using the OLS method and employing the following
empirical model:

yt = β0 + β1Taxy + β2Taxye + β3Taxt + β4∆I_taxe + β5Taxypr
+β6Ppre + β7DMC + β8Fecp + β9Tgeg + εt

(11)

where yt is the logarithm of the real per capita GDP; as series Taxy, Taxye, Taxt and Taxypr are
stationary (see IPS unit root test—Table 4), they are used as such; the other series have been
stationarized as follows: ∆I_taxe is the first-order difference of the I_taxe; and for the series Ppre,
DMC, Fecp, and Tgeg the annual percentage changes were considered.

4. Results and Discussion

In order to evidence the causal relationship between the Romanian GDP and several explanatory
variables related to taxation of environmental damage and energy generation and consumption in
Romania, some statistical tests were carried out for the data employed in the study. The results for
the IPS panel unit root tests are presented in Table 3 and show that, except for environmental taxes
on GDP, environmental taxes as % of GDP (energy) and environmental taxes as % of total taxation
(energy and pollution resources), the variables contain a unit root, suggesting the need to differentiate
these variables before testing for non-causality.

Table 3. IPS unit root tests.

Variable Level Differenced

Y −1.2833 −2.6897
Taxy −5.8591 *** −5.3437 ***
Taxi −1.1290 −5.0960 ***

Taxye −6.4893 *** −4.0979 **
Taxt −5.0750 *** −3.9825 **

Taxypr −2.7870 * −5.7531 ***
Ppre −1.8994 −3.8708 **
Tgeg −1.7476 −4.2807 **
DMC −1.6525 −3.4231 **
Fecp −1.0655 −3.2733 **

Notes: Lag length is determined by the modified Akaike Information Criteria. *, **, *** indicates the significance
at 1%, 5%, 10% levels (one tailed test).

The cointegration tests for the considered dataset are contained in Table 4. It was tested for
cointegration in both directions, with both variables acting as the dependent variable.

The Kao test for cointegration results shows evidence of a stable long-run cointegrating
relationship when the taxes are the dependent variable and they are considered as a proportion
of GDP. However, there is evidence of a stable long-run relationship between GDP, as the dependent
variable, and total gross electricity generation, consistent with other researches [30,38].

Based on the results obtained during the research, it can be remarked that, despite some evidence
of a stable long-run relationship when the taxes are the dependent variable of the model, there is no
evidence showing when GDP becomes the dependent variable. So, using the Granger method, where
there is evidence of cointegration, the error correction term will be included in the non-causality tests,
but excluded where there is no evidence [49–51].
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Table 4. Tests for cointegration.

Test Statistic X→Y Y→X

Y/Taxy 0.24691 5.33313 **
Y/Taxi 0.53319 5.26506 **

Y/Taxye 0.19499 5.36005 **
Y/Taxt 0.05136 4.50340 **

Y/Taxypr 1.65858 0.20420
Y/Ppre 0.07900 6.24810 **
Y/Tgeg 9.83934 ** 0.08716
Y/DMC 4.27421 6.23856 **
Y/Fecp 2.67204 4.82740 **

Notes: In the first and second columns, the dependent variable in the cointegrating relation is first followed
by the explanatory variable. ** Indicates rejection of the null hypothesis of no cointegration at the 5% level
of significance.

Table 5 contains the results from the ECM estimation. These results are, in the long-run, despite
the significance of estimated coefficients, outstanding and statistically relevant—in fact, overshooting
influences tending to equilibrium from economic growth to primary production of renewable energy
and final energy consumption of petroleum. Conversely, regarding the long-term causal effect from
these variables on economic growth despite significance, the negative values of the coefficients,
far less than above [52–56], indicate their reduced influence towards the economic growth. In case of
the remaining variables, the long-term causal results show their divergence in both directions with
economic growth. This is consistent with other previous studies in the field where either little or
ambiguous evidence was discovered of the energy taxes’ influence on economic growth [10,11,33,34].

Table 5. Granger causality tests.

Causality
Direction ECT (t-Statistic) Speed of Adjustment

(t-Statistic)
Lag Coefficient

(t-Statistic) F-Statistic

Y→Itaxe 0.0153 (13.622) ** −0.012 (−0.326) 0.001 (0.315) 0.392
Itaxe→Y 6.539 (7.036) ** −0.970 (−9.928) ** −89.444 (−6.216) ** 38.622 **
Y→Ppre −45.57 (−16.665) ** 0.342 (0.798) −0.0787 (−0.047) 0.813
Ppre→Y −0.0219 (−17.038) ** −0.889 (−7.887) ** 0.226 (4.837) ** 55.229 **
Y→Tgeg 0.686 (0.736) −0.107 (−0.965) 0.339 (1.690) 1.542
Tgeg→Y 1.457 (3.280) ** −0.109 (−0.494) 7.184 (3.626) ** 11.260 **
Y→DMC 0.100 (3.52) ** −2.207 (−3.623) ** 0.006 (1.087) 5.830 **
DMC→Y 9.966 (4.271) ** −0120 (−0.317) −105.237 (−2.63) ** 5.017 **
Y→Fecp −35.356 (−15.913) ** 0.560 (0.647) 1.157 (0.465) 2.712
Fecp→Y −0.028 (−18.769) ** 1.356 (7.197) ** 0.673 (10.264) ** 39.697 **

** Indicates that t it is significantly different to 0 at the 5% level of significance.

Nevertheless, the short-run causality results indicate convergence and significant results from
implicit tax rates regarding energy and primary production of renewable energy and effects economic
growth, the speed of adjustment being from 88% to 97% of adjustment back to the long-run in a year.
Also, the results offer evidence of overshooting short-term equilibrium from economic growth to
domestic material consumption.

As in other studies [11,30] evidence supports Granger causality from renewable energy, proxying
environmental subsidies to economic growth, although it is negatively signed, suggesting that
expenditure on environmental protection as yet has not produced the technological spillovers and
subsequent increase in growth. Finally, taking into account the IPS test results, the results yielded from
OLS regression for the considered model are presented in Table 6.
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Table 6. OLS regression results (ordinary least square).

Variable Coefficient

Constant 8.256 (1557.8) ***
Taxy 0.345 (65.7) ***
Taxye −0.479 (−49.7) ***
Taxt 0.052 (19.8) **

Taxypr −1.301 (−394.1) ***
Ppre 0.001 (18.4) **

DMC −0.001 (−57.2) ***
Fecp 0.001 (33.5) ***
Tgeg −0.001 (−130.2) ***

F-statistic 97777.14 ***

Note: the values in round brackets are the t-statistics. **, *** indicate the coefficients which are statistically
significant at 5%, and 10%, respectively. F-statistics are reported to test for the joint significance of the coefficients.

Despite the difficulties induced by the model specification in direct interpretation of the results
(Table 6), they indicate that all the considered variables exert significant influence on economic
growth, direct correlated with total environment taxes to GDP, environmental taxes as % of total
taxation—energy, primary production of renewable energy, and final energy consumption of petroleum.
Nevertheless the results indicate a negative relation between the economic growth and environmental
taxes as % of GDP—energy, environmental taxes as % of GDP—pollution resources, domestic material
consumption and total gross electricity generation [30].

5. Research Limits and Future Directions for Research

From the methodological point of view, the most important limitation is represented by the
relative shortness of the time series used, as these data for Romania are collected beginning in 2000.
Through this paper, the authors tried to evaluate the evolutions in the field under research in an
emergent economy-specific context. On the other hand, we did not take into account the assessment of
possible effects of energy tax policy on greenhouse emissions and to what extent these measures can
contribute to the internalization of these issues, which will be researched in future studies.

6. Conclusions

The results obtained during this research provide solid ground for the long-run causal effect
on GDP due to the variables considered and used to demonstrate the influence on achieving the
sustainable development criteria in an emergent economy, as in the case of Romania. The pertinent
design of the environmental taxation system represents one of the determinant objectives for
inland policymakers, taking into consideration that during the analyzed period the importance
of environmental revenues has increased both as gross values and share of GDP [57]. Also, for an
emergent economy, it is important for policy makers to discover the relationship between GDP and
environmental taxation’s influence in assuring welfare, because these final results in research can
certainly help in proper design and imposition of energy policy. This paper has clearly communicated
from the very beginning that this objective may represent an important output for policymakers.

The policy implications of this study are transversely connected. Environmental taxation is just
a lever for assuring environmental protection and sustainable development. Environmental taxation
has a quite decisive influence on the economy by influencing the consumption patterns, despite the
fact that there is no direct connection between living standard, environmental protection, and degree
of green freedom. For emergent economies, environmental taxation may represent a path to achieving
sustainable development and a high degree of green revenues by taxing pollutants and promoting
environmental friendly practices and technologies.

In order to ensure the effectiveness of the energy tax policy, a dual application both in the short
and long term may represent a suitable solution. As in the short term, a paradigm shift in the use
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of energy resources is impossible, the classic fiscal measures imposed must envisage the taxation of
energy overconsumption and of heavily polluting energy products [58]. This design of energy taxation
is aimed specifically at reduction and partial replacement of the latter products with renewable energy
products [56,59]; in the long-run, the fiscal measures should favor investments in the promotion of
new energy efficient technologies.
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Abstract 

The paper analyzes the evolution of Romanian private loans, in national currency (lei), granted to households 
and non-financial corporations in the period between July 2005 and April 2017. In this context, after reviewing the 
importance of credit within the context of national economy is presented the evolution of some factors considered as 
influential upon the evolution of credit. These factors are, namely: the average interest rate of outstanding private 
loans granted by credit institutions, the average interest rate of outstanding amount of deposits received by credit 
institutions, the ratio of minimum (or reserve) requirements, the interest rate on required reserves and the monetary 
policy rate. The database was built using the available data from the Statistical Section of the monthly bulletins 
released by the National Bank of Romania (herein after, referred to as NBR) and published on the institution’s website. 
Every series of data is subject of testing for stationarity, using both the Augmented Dickey-Fuller and Pillips-Perron 
tests (herein after, referred to as ADF and PP, respectively), and the reported results are presented within the paper. In 
order to avoid spurious regression, following the stationarization of the data series, an analysis model is put in place 
and the significant results are subject to further interpretation. 
 
Keywords: credit, interest, monetary policy, economic growth, banking system, 
 
JEL Classification:  G21, E520 
 
1. Introduction and context of the study 

 
The basic function of the banking system is represented by consolidating the monetary 

resources of the economy and their temporary orientation towards efficient economic activities. 
From the point of view of financial relations existing in the economy, the credit represents an 
economic category that expresses the relations of redistribution of a part of the Gross Domestic 
Product. Through these distribution relations, takes place the consolidation and distribution of a 
part of the existing resources in the economy, creating new means of payment in order to satisfy the 
needs of capital [1]. Thus, through the function of consolidation the temporarily available capitals 
and savings in the economy and their distribution, the credit represents an active tool in the process 
of stimulation of the economic growth and employment. The massive engagement in the economic 
process and the growth of labour productivity leaded to increase in revenues of population, which 
became a major player on the credit market, essentially in the role of moneylender [2]. 

The importance of the financing system is represented by its role for the development of the 
national economy. The credit relations represent the concrete tool in the process of transformation 
of savings into productive investments, which represents a real engine for economic development 
[3]. According to Keynesian theory, within the general framework of the macroeconomic 
objectives is pursued the equality between savings and investments, through transferring the capital 
from the treasury area to the productive action, with beneficial effects in terms of increasing the 
real wealth of the society. The role of the banking system in this respect is essential in the process 
of capital concentration, which is the prerequisite for efficient adaptation to market requirements, 
on this basis enhancing the marginal efficiency of capital. The credit relations of households and 
non-financial entities with banks are usually reciprocal, through the correlative mechanisms of 
money deposits and lending [2]. Typically, credit institutions are better placed than the general 
public in ensuring effective fructification of dormant deposits [4]. 

120



Annals of the „Constantin Brâncuşi” University of Târgu Jiu, Economy Series, Issue 4/2017 

 
„ACADEMICA BRÂNCUŞI” PUBLISHER, ISSN 2344  – 3685/ISSN-L 1844 - 7007 

 
 

As the credit represents a cardinal category in the economy, results the importance of the way 
of its granting, and business banks act as a responsible financial analyst for directing the available 
resources to the most efficient placements. 

The efficiency of the businesses’ initiatives is subject of proof through the loan application 
prepared and analyzed, whereby is demonstrated the necessity and the efficiency of the pursued 
initiatives. Sometimes, the credit can represent a prerequisite for increasing of the market 
competition. By supporting various innovations or inventions of small firms, the credit contributes 
and favors the emergence of competition, with the possible limitation of the supply-side "shocks". 
Through the responsible monetary issuance function, the credit can also improve the business 
climate by supporting production and consumption and contributing to price stability; the most 
commonly used example in this context is the one of the market of agricultural products, with a 
strong seasonal supply feature and production costs typically incurred over a calendar year. 

As the majority of the national economies actively take part in international trade as an 
important prerequisite for development, through capitalization of their competitive advantages, the 
credit manifests itself as a promoter of the international economic relations through the specific 
instruments of support of import and export operations. 

Banking and interest credit have a direct effect on the dynamics of economic activity, being 
related to the level of financing resources and their cost [5]. Thus, the interest rates applied to both 
bank assets and liabilities are monetary instruments essential to achieving economic equilibrium, 
through the direct influence exerted both on the money supply in the economy and on the exchange 
rate of the national currency. 

The new technologies in the field of payment instruments, transfers and bank compensations 
have determined the progressive reduction of cash usage. The predominant use of modern payment 
instruments, fundamentally based on credit relationships, is also the effect and cause of the increase 
in the volume and weight of the money bills. These tools are characterized by high efficiency and 
efficiency, while ensuring a considerable reduction in risks. 

The objective of the present paper is an analysis of the evolution of total private loans 
granted by the Romanian banks, in national currency, between July 2005 and April 2017, with 
some factors influencing it. 

 
2. Data series and preliminary results  

 
In our study, besides the endogenous variable, that is, the evolution of total private loans 

granted by the Romanian banks, there were considered the following influence factors, as the 
independent variables: 

- the average rate of outstanding private loans granted by credit institutions, denoted in 
our  model by AIR; 

- the average rate of outstanding amount of deposits received by credit institutions, 
denoted in our  study by PIR; 

- The ratio of minimum (or reserve) requirements. The reserve requirements represent a 
ratio of the bank's financial resources held in accounts opened with the NBR. In our 
model, this variable is denoted by MR. In fact, the reserve requirements represent a 
monetary policy instrument employed by the central banks in order to accomplish three 
functions [6]: to create a certain dependence of the banking system on the central bank; 
allow for the cash amount management, implying the management of intrest rates in 
short-run; and, represent means to ensure the stability of monetaty expansion. Through 
the value of the specific ratio is set the amount of money available to banks to lend to 
the real economy, according to the economic conjuncture and the pursued objectives. If 
the central bank finds an overpace in the dynamics of the credit process, it may 
increase the reserve ratio. At the same time, the MR mechanism is a stabilizer of 
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interbank interest rates. Banking specialists argue that through the mechanism of 
minimum reserves requirements induce augmentation in price of credit products. 

- Interest rate on required reserves (% p.a.), denoted by RMR. The amounts deposited at 
the central bank as MR are interest bearing at a low rate, currently calibrated to 0.8% 
for amounts in lei. As the banks have to pay a higher costs for the amounts received as 
deposits, the yield difference represents a bank loss, which is covered by raising the 
interest on granted loans. 

- The monetary policy rate (% p.a.), denoted by MPR, and represents the cap interest 
rate for the deposits from interbank market at central bank with maturity of one month. 

The database was built using the available data on the NBR website. The figures refer to 
credit is granted to households credit and non-financial entities (non-financial corporations and 
non-monetary financial institutions). The datasets comprise the time range between July 2005 to 
April 2017, and is represented in the figure 1.  
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Figure 1. The graphical representation of the data series. 

 
The summary staistics of the data series is presented in the table 1. 

Table No. 1. Dataset summary statistics 
 PC AIR PIR MR RMR MPR 
 Mean 79055.19 11.840 5.625 14.754 1.676 5.918 
 Median 81408.3 12.145 5.275 15.000 1.500 6.250 
 Maximum 125945.8 18.790 14.530 20.000 5.900 10.250 
 Minimum 19832.7 5.470 0.940 8.000 0.100 1.750 
 Std. Dev. 23295.16 3.603 3.163 3.877 1.411 2.670 
 Skewness -0.5419 -0.201 0.752 -0.386 1.183 -0.172 
 Kurtosis 3.4854 2.139 3.522 2.274 3.998 1.919 
       

 Jarque-Bera 8.1675 5.194 14.581 6.452 37.929 7.405 
 Probability 0.0168 0.075 0.001 0.040 0.000 0.025 
       

 Sum 10988671 1633.910 776.190 2036.000 231.310 816.720 
 Sum Sq. Dev. 7.49E+10 1778.727 1370.298 2059.623 272.718 976.297 
       

 Observations 138 138 138 138 138 138 
 
From the collected data, results that the most significant positive change in the endogenous 

variable was recorded in November 2015 (+7.96%), whilst the most significant negative change 
was recorded in December 2008 (-2.18%). The last change may be linked to the first developments 
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specific to the financial crisis. Also, as a measurement considered as an effect of the financial crisis 
as that moment, can be interpreted the highest interest rate on the minimum reserves of 5.9%, 
recorded in February 2009. Since then, the respective rate followed a downturn rate with a lowest 
level, of 0.09%, recorded in February 2017. 

Both the interest rate for deposits from nonfinancial corporations and households and the rate 
for active banking operations followed a downward trend. The highest active interest rate was 
recorded in August 2005 (18.79%), while the lowest recorded in December 2016 (5.47%). The 
highest level of the interest rate for passive operations was recorded in March 2009 (14.53%), and 
the lowest level was in April 2017 (0.88%). 

The maximum level of monetary policy rate was recorded in August 2008, at 10.25%, and 
the minimum was 1.75% in May 2015, a level that has been maintained so far. 

From the above presentation, there may be observed the downward trend of all the 
intervention and market rates. Considering the stability of economic and financial environment in 
Romania, there may be stated the effectiveness of this policy, consistent with the European and 
international developments in the field. However, in the literature is argued that the cheap money 
policy may encounter certain limitations, and the numerous cases of stagflation of slumpflation 
proved that, in absence of some favorable conditions, the expansive usage of credit does not lead 
necessarily to economic recovery [7].  

Analyzing the representations of the datasets in the figure 1, results that the stationarity of the 
time series is questionable. Due to the specific of time-series data, it is necessary to asses their 
stationary. In this aim, there were employed the ADF and Phillips-Peron (PP) tests. These tests 
allow determining the order of integration of the variables defined in Table 1. To apply the ADF 
test there were considered the methodology described in literature [8]-[9]. The test regressions that 
may be considered for the ADF test are the following: 

M1: t

p

j
jtjtt yyy εγα ++=Δ ∑

=
−−

1
1   (1) 

M2: t

p

j
jtjtt yyy εγαµ +++=Δ ∑

=
−−

1
1  (2) 

M3: t

p

j
jtjtt yyty εγαβµ ++++=Δ ∑

=
−−

1
1   (3) 

under the null hypothesis 0=α , series is non-stationary and has a unit root.  
In case of model (3) the ADF test concern the joint-assumption 0== δα  (as the null 

hypothesis). The figures of the test are presented in the table 3. 
The Phillips-Perron (PP) test is based on estimating of the non-augmented DF test equations: 

M3: ttt uyy +=Δ −1α ,  (4) 
M5: ttt uyy ++=Δ −1αµ ,  (5) 
M6: ttt uyty +++=Δ −1αβµ ,  (6) 

where tu  is assumed to be stationary in trend and may be heteroskedastic. Specific to the PP 
test is that the correction for serial correlation and heteroskedasticity in the residuals tu  is ensured 
by using nonparametric statistical methods.  

Under the null hypothesis that 0=α , the PP statistics have the same asymptotic distributions 
as the ADF t-statistic and normalized bias statistics, following the τ (tau) statistic. Using of the PP 
tests in the present paper takes into account that, over the ADF tests, the PP tests are robust to 
general forms of heteroskedasticity in the error term, tu . The figures of the test are presented in the 
table 4. 

The alternative hypothesis for both tests is 0=α  ; that is, the time series is stationary. If the null 
hypothesis is rejected, it means that ty  is a stationary time series with zero mean in the cases of (1) 
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and (4); ty  is stationary with a nonzero mean ( αµ /= ) in the cases of (2) and (5); in cases (3) and 
(6), ty  is stationary with a nonzero mean around a deterministic trend. 

 
Table 3. The values of the ADF test for the variables considered within the model 
Data series By level By first order difference Integration order and the model  
 -1.293 -5.753*** (p = 1) I(1) with constant (M2) 
PC -1.896  -5.760*** (p = 1) I(1) with constant and trend (M3) 
 - -2.441** (p = 2) I(1) (M1) 
 -0.934 (p = 1) -7.411*** (p = 0) I(1) with constant (M2) 
AIR -1.726 (p = 1) -7.381*** (p = 0) I(1) with constant and trend (M3) 
 -2.247**(p = 1) - I(0) (M1) 
 -0.862 (p = 4) -4.858*** (p = 3) I(1) with constant (M2) 
PIR -2.528 (p = 4) -5.139*** (p = 3) I(1) with constant and trend (M3) 
 -0.683 (p = 4) -4.869*** (p = 3) I(1) (M1) 
 -0.311 (p = 0) -12.41*** (p = 0) I(1) with constant (M2) 
MR -2.173 (p = 0) -12.50*** (p = 0) I(1) with constant and trend (M3) 
 -1.452 (p = 0) -12.34*** (p = 0) I(1) (M1) 
 -1.454 (p = 3) -4.082*** (p = 2) I(1) with constant (M2) 
RMR -2.803 (p = 3) -4.153*** (p = 2) I(1) with constant and trend (M3) 
 -1.074 (p = 3) -4.097*** (p = 2) I(1) 
 -0.510 (p = 4) -4.179*** (p = 3) I(1) with constant (M2) 
MPR -3.71** (p = 5) - I(0) with constant and trend (M3) 
 -1.041 -4.086*** (p = 3) I(1) (M1) 

***, **, indicate the level of significance: at 1% and 5% significance level, respectively. 
 

Table 4. Phillps-Perron test for the model variables 
Data series By level By first order difference Integration order and the model  
 -1.359 -5.802*** I(1) with constant (M5) 
PC -1.925  -5.82***  I(1) with constant and trend (M6) 
 - -4.128***  I(1) (M4) 
 -1.110 -12.05***  I(1) with constant (M5) 
DRMO  -1.914  -12.03***  I(1) with constant and trend (M6) 
 -1.08  -12.05***  I(1) 
 -1.314 -7.484*** I(1) with constant (M5) 
AIR  -2.135 -7.460*** I(1) with constant and trend (M6) 
 -2.401** - I(0) (M4) 
 -0.812  -4.872***  I(1) with constant (M5) 
PIR -1.694 -4.962*** I(1) with constant and trend (M6) 
 -0.938 -4.862***  I(1) (M4) 
 -0.305  -12.41*** I(1) with constant (M5) 
MR -2.171 -12.532*** I(1) with constant and trend (M6) 
 -1.455  -12.336***  I(1) (M4) 
 -0.370  -9.854***  I(1) with constant (M2) 
MPR -2.345  -9.877*** I(1) with constant and trend (M3) 
 -1.374 -9.862*** I(1) (M4) 

***, **, indicate the level of significance: at 1% and 5% significance level, respectively. 
 

In the present paper, the acceptance of the null hypothesis is taken by comparison of computed 
absolute value of the tests statistics with MacKinnon critical p-values. According to this test, under 
the null, the computed absolute value of the test (based on the data series) is lower than the critical 
(absolute) p-value, in which case the time series is nonstationary. The rejection of the hypothesis 
that 0=α (or, if case, 0== δα ) is rejected, results that the time series is stationary.  

Analyzing the results of the two tests, there might be observed that all the considered series 
are first-order integrated, for a 1% level of signification; the only exception reported by the both 
tests is the stationarity with zero mean for the RDA series – models (1) and (4), at 5% level of 
significance.  
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3. Model and discussion 
 
From the above paragraph conclusions, as the series resulted to be integrated of order one, 

within a regression model, they cannot be used as raw data. Following the procedures presented in 
the literature [8], as first differences of such time series are stationary, in the present paper, were 
considered the implied approach. The regression model considered for analysis of the evolution of 
total loans granted to the private sector, as result of specific influence factors is specified as 
following: 

εββββββ +⋅+⋅+⋅+⋅+⋅+= )()()()()( 543210 MPRDRMRDMRDPIRDAIRDVPC  (7) 
 
In order to ensure the stationarity of all the considered exogenous variables, as specified 

above they are considered in first order differences (i.e, )1()( −−= AIRAIRAIRD ). 
As all the above presented variables are percentage ratio, in order to ensure the compatibility 

of the data, there were considered the following transformation for the endogenous variable: 

100
0

01 ⋅
−

=
PC

PCPC
VPC  (8), 

 
in which, VPC represents the monthly relative variation of the loans grated to private 

borrowers (PC). 
The graphical representation of the transformed variables is presented in the figure 2 (in 

which, VPC=@PC(PC)). 
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Figure 2. The graphical representation of the transformed data series 

 
Analyzing the representations of the datasets (figure 2), one may observe that they are 

stationary. The results of the OLS regression are presented in the table 5. 
The results in the table 5 show that the dependent variable is significantly influenced by the 

variation in the interest rate on granted loans and the monetary policy rate at 1% significance level 
and respectively, by the RMR at a 5% level of significance. In the present paper, one of the most 
important factors for there were considered the option for the additive model, estimated through 
OLS, is the possibility of direct interpretation of the results. Thus, the value of the constant shows 
that the autonomous rate of change of the private credit in lei is 1.28% each month, that is, the 
average rate of increase of the dependent variable, provided that all other factors remain 
unchanged. 
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The value of the 1β  coefficient, afferent to the AIR variable is -2.53. This result, although at 
first glance may describe an atypical evolution of credit reduction in situation of an increase in the 
interest rates of granted loans, in fact, reflects the positive evolution of the private credit 
outstanding amounts, provided the active interest rate followed a downward slope over the 
analyzed period. On average, a diminution in the AIR variable by 1 percentage point during the 
analyzed period resulted in an increase of 2.53 percentage points of the private credit. With regard 
to the possibility of extrapolating this trend in the future, there are of course certain limits, given 
both the penetration rate of banking services and the fact that there is a lower limit of the theoretical 
possibility of diminution in the interest rates, that is, equal to zero.  

 
Table 5. The results of the OLS regression. 

Variable Coefficient 
Constant 1.280*** (7.12) 
D(AIR) -2.530*** (-3.61) 
D(PIR) 0.517 (1.717) 
D(MR) 0.312 (1.10) 
D(RMR) 1.870** (2.00) 
D(MPR) 2.287*** (3.01) 
R-squared 0.155 
Adjusted R-squared 0.123 
F-statistic 4.846 
Prob(F-statistic) 0.000 

Notes: t - stat values in paranthesis. ***, **, indicate the significant coefficients at 1% and 5% significance 
level, respectively. 

 
The coefficient 4β  of the interest rate afferent to minimum reserves expresses that an 

increase by a percentage point of the respective variable is expected to increase on average by 1.78 
percentage points of the credit granted to the population and to the non-financial corporations.  

Another result that can be considered atypical is that the variance of the granted loans 
amount is positively influenced by the monetary policy interest rate. Considering the continuous 
downward trend of the latter two variables during the analyzed period, may be drawn the 
conclusion that this evolution contributed to a diminution in the evolution rhythm of the 
endogenous variable. 

From the estimation results presented in the table, the model is verisimilar for a significance 
level of 1%, resulting from the probability associated with the Fisher test (0.000). 

 
4. Conclusions 

 
Lending operations are an essential part of the economic mechanisms, which has as primary 

aim to support the production and trade of economic goods. On this basis, credit relations represent 
a vital component in the process of value creation and economic growth. The Romanian economy 
is characterized by a low penetration rate of banking services compared to the existing situation at 
European level, but credit expansion is the most important way to improve this indicator. 

The beneficial effects of credit expansion on the functioning of the economy are well known. 
However, the uncontrolled expansion of credit has given rise to imbalances that have evolved to 
phenomena such as banking and financial crises, inflation and deterioration of the national currency 
exchange rate. These developments have led to the emergence of a highly controversial current 
towards credit and the financial mechanism in place, whose efforts are directed towards a 
reinterpretation of the economic doctrine in the field. Trying to response to uncontrolled expansion 
of credit, some scholars argue for a required reserve of 100% [10]. 

In order to ensure that the money supply through credit represent a real economic support, it 
is necessary to assume of the financial analyst role by the business banks with maximum 
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responsibility, guaranteeing the orientation of resources towards the most efficient placements. This 
action can be achieved if there are fulfilled the following conditions [7]: the existence of available 
workforce and capital goods; the credit should contribute to production of merchantable goods; the 
payback of granted amount in a short term.  

In order to facilitate economic growth while developing a viable financial system and to 
prevent the negative phenomena, the prudential regulation and measures should aim at correlation 
between growth rates of credit and the possibilities of the real economy for sustainable absorption 
of the supplementary money created by credit mechanisms. 
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