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Assessment of the Effect of Environmental Taxes
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Abstract

The article analyses the effect of environmerataés on environmental pro-
tection. The research covers all European Union bwmnstates, the United
States of America, Japan and People’s Republichoia& Norway and Turkey.
Method for assessment of the regression tendeniemdogenous indicators
has been chosen for the research. Research pet@¥ — 2015. Research re-
sults: environmental tax effect is stronger in doi@s having slower economic
and tax growth, but more rapid development of reai@es energy production
technologies; the role of environmental taxes isar@ominent where the level
of natural energy resources is maintained at thpeese of renewable energy
use; ecological taxation encourages development iemmlementation of tech-
nologies that mitigate pollution and creation ofanfbs; environmental taxes
are directly related to humans’ ecological qualitylife.
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Introduction

Climate change related agreement between theraaiduring Paris Climate
Change Conference 2015 has maintained the balandeits roadmap is aimed
at limiting global warming to well below 2°C. Acating to Carole Dieschbourg,
the Minister of Environment of Luxembourg, the agrent is the roadmap for
a better, fairer and more sustainable world (Dibsalng, 2015).
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A number of countries have already undertakenacexlimate change and
environmental pollution mitigation measures aftervimnmental pollution
reached the level that called for real attentiockkia the 60s of the last century.
Environmental taxes regulating the interplay betwdige economy and envi-
ronment comprise one of such measures. Revenukestedl from these taxes
are allocated to promotion of sustainable econoasetl on nature conservation,
greener production. The importance of environmetaaés is defined by their
ability to implement the goals of environmentallptibn reduction. Researchers
however seem to not have found a consensus towasdsspect. Castiglione et al.
(2014a) have emphasized that application of enmieotal taxes can be consid-
ered as a controversial policy measure.

However, there is evidence of positive effect nfionmental taxes in par-
ticular in terms of pollution reduction, in econaally developed countries. On
the other hand, environmental taxes have been ethtmdiminish the results of
economic activity because of distorting effect anduction and consumption.
Although scientific literature provides rather caelpensive analysis of the ef-
fect of environmental taxation on environmentaltpetion and economy, the
works are usually limited to mere comparison oferayes from environmental
taxes to the limited indicators of environmentallygmn, such as national GO
or GHG (greenhouse gas) emissions. However, relgtiew discussions have
been held on the method for assessment and idaitin of the effect of envi-
ronmental taxes on the indicators of environmeptdlution, as well as main
factors to be analysed in assessing effect of enmiental taxes and the rationale
behind them (Castiglione et al., 2014a; Morley, 208kjelvik, Bruvoll and
Ibenholt, 2011; Im and Wonhyuk, 2010).

Therefore, the main research problem is to defimeich factors should be
used for assessment of the effect of environmeakas on environmental pro-
tection, and the degree of their effect? The majadiives of the paper are:

- analysis of the previous research works followedidsntification of the
factors that have effect on reduction of environtakpollution and development
of their research methodology;

- determination and assessment of the effect of emwviental taxes on envi-
ronmental protection in EU member states and atbentries.

Review of Scientific Literature

Analysis of previous empirical studies dealinghaéissessment of environ-
mental tax effect on environmental pollution (Cglétine et al., 2014a; Abdullah
and Morley, 2014; KurtinaitgtVenediktovies, Pereira and erniauskas, 2014;
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Tsakas and Katharaki, 2014; Kalinichenko, 2014;tiG&sne et al., 2014b;
Krass and Nedorezov, 2013; Mascu, 2013; Nagy, 20t8tey, 2012; Piciu and
Trica, 2012; Heine, Norregaard and Parry, 2012¢l8ikj, Bruvoll and Ibenholt,
2011; Opulskyte, 2011; Parry, 2011; Valles-Gimezezate-Marco and Trueba-
-Cortes, 2010; Im and Wonhyuk, 2010; Klingelhof&d,10; Scasny et al., 2009;
Lazdina, 2008; Barker et al., 2007) has shown altabugh majority of the au-
thors assess the effect of environmental taxesnemaammental protection using
the multidimensional regression model, their appihda selection of dependent
and independent variables quite differs.

Morley (2012) has conducted empirical study f@easment of the effect of
environmental taxes on environmental protectioridgavith the issue of global
warming by verifying the effect of environmentakés on air pollution and
energy consumption level in the EU. The analysibased on an econometric
model employing the factors used in conventiongdregch towards pollution
and energy consumption proposed by Grossman anegkry1995). According
to Morley (2012), GHG amount should be considerec alependent variable.
Im and Wonhyuk (2010) share the same approach ateyi(?012), namely,
that environmental performance measured as GHG iathstwould be considered
as a dependent variable. Environmental performanessentially related to en-
hancement of environmental quality; therefore, ytadh reduction has positive
effect on environmental performance. In assessofeztthancement of the over-
all environmental quality, the authors place themifacus on air pollution fac-
tors and, as a result, use GHG emissions as the enaironmental performance
indicator which encompasses &Onethane (NH4) and nitrous oxide (NO
emissions. All GHG emissions are assessed bas@&@latral Warming Potential
(GWP). For example, the GWP for methane over 1@0syes 34 and for nitrous
oxide —298, for C@— 1. This means that emissions of 1 million metvitnes of
methane and nitrous oxide respectively is equitateemissions of 34 and 298
million metric tonnes of carbon dioxide. Meanwhigastiglione et al. (2014a)
argue that environmental tax revenues should beé as@ dependent variable, as
they also reflect to the environmental policy.

Hence, there are researchers who advocate ajticdtenvironmental taxes
as a dependent variable for identification of iatlics that have the greatest effect
on variation of these taxes, while other reseaschegue that the environmental
protection indicator should be used as a dependgiable, while environmental
taxes should be an independent variable, claintiag this is the only way to
determine how environmental taxes effect on redactif environmental pollu-
tion. In our opinion, the effect of environmentakés on environmental protec-
tion indicators should be assessed by taking aegrated approach. Morley
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(2012), Im and Wonhyuk (2010), Jackson (2009), mgnib assess the effect of
environmental taxes on environmental protectionppse taking GHG emission
amount, one of the key pollution indicators usedldwide, as a dependent
variable. GHG amount covers gQnethane (Nl and nitrogen oxide (D)
according to the base established by Kyoto Protocol

In development of methodology, another factor epscof investments into
environmental protection — has been added to shefifactors analysed by the
researchers. This factor as the key factor has begmasized by Morley (2012).
On one hand, the variable of investments into emvrental protection would be
expected to have a negative effect, as increasiregsiments would provide eas-
ier access to more advanced, energy intensive ptiodutechnologies. On the
other hand, with increasing emissions into the afrhere, investments into
environmental protection would need to be incredseatlcertain breaking point,
at which the amount of pollutants starts to decline

According to various researchers, the key fagt@ssessment of the effect of
environmental taxes on environmental protectiothés share of environmental
tax revenues in the total tax revenues, even thedigtiency of environmental
taxes is considered to be negative due to exengpthmat apply to energy inten-
sive industries (Im and Wonhyuk, 2010). Morley (2Pphrgues that effective-
ness of these taxes reduces because of exemptapwspd for certain industries
with the ultimate goal of maintaining internatiomaimpetitiveness.

Population growth is another important factor. ttapon growth nationwide
leads to increasing consumption, with the resuliimgease in environmental
pollution. Every resident is a consumer, which nseimat growth in the number
of consumers is accompanied by increased elegtranid heat consumption,
generation of waste all of that leading to highellygion. It is therefore im-
portant to assess the effect of variation in paputadensity on environmental
protection (Im and Wonhyuk, 2010).

GDP is the main indicator of the national econogriowth at a certain mo-
ment. Nonetheless, the level of pollution variepedeling on the growth rate
characteristic of each country. OECD employs thecept of decoupling for
assessment of national results of activity in eavinental protection. It is im-
portant to distinguish between absolute and redatiecoupling. Absolute de-
coupling refers to the situation characterised taple or declining variables of
environmental pollution in the context of growthtbé national economy. Rela-
tive decoupling refers to pollution index rising atrate lower than the GDP
growth rate (Jackson, 2009t would therefore be reasonable to analyse the
GDP per capita as another important indicator a@nemic growth, as it may
affect environmental performance considerably.
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Previous studies have provided evidence that enmngrowth has direct
influence on growth of COemission. It is still important to acknowledge ttha
economic growth promotes the processes of indligaieon and urbanization
also leading to increased g®@mission levels. This is the result of increasing
production and consumption promoted by growing ecmyy and higher level of
atmospheric pollution is the consequence of suckgsses. It is therefore im-
portant to complement the model with annual indalsproduction sales growth
rate reflecting production intensity. Table 1 sumaes the main variables pro-
posed by the researchers to be included into thaehfor assessment of the ef-
fect of environmental taxes on environmental palut

Table 1
Variables for Assessment of Factors of Reduction &nvironmental Pollution

Unit

of measure Authors

Variable Description

Dependent variable

thous. tons as | Morley (2012); Abdullah and Morley

Pollution index | GHG amount CO, equivalent | (2014)

Independent variables

Im and Wonhyuk (2010);
Morley (2012); Castiglione et al.
(2014a; 2014b); Valles-Gimenez,

GoP GDP per capita EUR Zarate-Marco and Trueba Cortes
(2010); Abdullah and Morley (2014);
Soderholm and Christiernsson (2008)
Investments into Castiglione et al. (2014a; 2014b);
Investments EUR Kaufmann (2014); Soderholm and

environmental protection Christiernsson (2008)

Im and Wonhyuk (2010);

Environmental | Share of environmental taxes % Morley (2012); Soderholm and

taxes in overall taxes Christiernsson (2008)
- - Morley (2012); Valles-Gimenez,
Population Population density in the People per sq. Zarate-Marco and Trueba-Cortes
country km
(2010)
Economic o Im and Wonhyuk (2010); Abdullah
growth Annual GDP growth rate % and Morley (2014)
Production Annual industrial % Im and Wonhyuk (2010)

production sales growth rate

Source Created by authors‘on the basis of Im and Wonh{@kL0); Skjelvik, Bruvoll and Ibenholt (2011);
Castiglione et al. (2014a); Morley (2012) data.

Methodology for Assessment of the Effect of Environmental Taxes
on Environmental Pollution Indicators

The research covers all EU member states inclutied)nited Kingdom, and
the world’s largest countries: the United StatesAoferica, Japan and People’s
Republic of China, as well as Norway that has largiiral energy resources at
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its disposal, and Turkey that serves as the gebgrapink between the Middle
East and the European Union.

Purpose of the environmental taxes — mitigatiothef state of natural envi-
ronment by means of ecologization of economy. Ploiitical instrument could
be construed as an investment that would pay braskrine more distant future.
The data of endogenous (effect) indicators shdwddefore be treated in view of
the time shifts in assessment of the state of enmient through the prism of
environmental taxes. Experiments with the initialtted series (endogenous in
relation to exogenous) have shown that their ragpastrends have remained
virtually the same for parallel data and for théadsubject to one/two/three time
shifts, in which case part of the data set is IBatallel method for assessment of
the regression tendencies (cause-and-effect retdtips) of endogenous indica-
tors has been chosen for the study, as the owynalimic tendency of endoge-
nous indicators has later been found to interatit thie overall tendency of de-
velopment of exogenous indicators (regressors)edteb period: 1994 — 2015
(certain reservations apply to individual countrékse to lack of certain data).
Data for the research have been drawn from the lukgas of Global Footprint
Network, Eurostat, OECD, World Bank. Eurostat artelGD use different cur-
rencies in their data of indicators expressed Huejahence, GDP in USD to
GDP in EUR ratio has been applied to the long-pkdata. The calculations
have been performed using MS Excel, Statistica,S8S software instruments.

Logarithmic regression (in= Ina + binx), which is the linear transformation
of power function £ = a - X’), has been applied for assessment of the cause-and
-effect relationships between the environmentaésiad the processes influencing
this state. The so-called ,log-log” regression bagn employed, as it secures
statistically more valid results in almost all cee®mpared to other types of re-
gression. F-criterion with the theoretical limitlwa equal to 4.35 at 95% proba-
bility, or 5% level of significance and the span2@ years has been applied for
validity assessment of the results. With theakuie increase, the statistical validi-
ty increases as well, and probabilgyof the F-criterion, being the symbol of
statistical significance, decreases. Obviously, abtcountries have provided
complete data, and the theoretical value of Fiioitehas been subject to slight
increase in view of the smaller sample. The catysédivel, or determination
coefficient, has not been viewed as highly impdriarthis work due to availa-
bility of F-criterion. It can be easily determinbg using the F-criterion formula.

,L0g-log” regressionb-coefficient, present next to regressgrcarries the
following meaning: endogenous indicajochanges by the percentlof/alue at
one percent increase of regressoin other wordsb-coefficient is the elasticity
of an endogenous indicator in relation to chandebe regressor. Elasticity of
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an endogenous indicator, or regression tendenagt®of change, at 1% growth
of the regressor, are synonyms. Hence, the elgsétribute and its synonyms
are deemed as the effect indicator in this study.

For comparison of the effect variables distributedthe scales of different
ranges, the linear scaling method, usually emplagete international practice,
has been applied in this study. Despite the widetaof data normalization or
standardization methods, indexation method has blesen for this study in
view of its appropriateness where both positive aeghtive data series are sub-
ject to normalization. The index of elasticity iodior for the positive elasticity
series has been calculated as folloivs: (b — byin)/(Bmax — bnin). FOr negative
series, the same ratio has been subtracted fromVdaghted index has been
employed to generalization of the results. Weidhthe index value is the share
of its value in the total sum of the index serignally, the summative index of
the effect indicator has been obtained by summpmtha products of multiplica-
tion of the index series values and weights.

In the present study, the endogenous indicatorslependent variables are,
primarily, deemed to include the key characteristics ofrenmental state, such
as the greenhouse emissions (GHG, in thbosCO, equivalent); C@emissions
comprising somewhat two thirds of the GHG emissi@fS,. thous.); ecological
supply, or biocapacity (BC), and demand, or foaoip(iP), representing the avail-
able and used natural resources converted intodesal (in global hectaregh@).

It shall further be accepted that £f@lease into the environment is largely deter-
mined by the use of energy by households and industaning that taxation of
energy consumption in light of ongoing depletionitsf natural resources gives
impetus to development of innovative energy tecbgiels and exploration of
alternative and/or renewable energy sources. Meresenewable energy use is
favourable to the environment, as it does not dmurite to increase of G&oncen-
tration in air. Hencesecond the indicators of maintenance of environmental (i
this case — that of the natural resources) stati Isbh deemed to include the re-
newable energy use (REN, thousf oil equivalent) and to increase its share in
the total energy consumption, the upward trendlotlvpartially reflects the level
of maintenance of natural energy resources antldéemvironmental protection.

Results of Study

Analysis of the processes occurring in the sumwmenvironment requires
that cause-and-effect relationships between the@maental state and the pro-
cesses acting on it are understood clearly, reliaidicators are available, and
the ability to apply environmental measures is gnes



293

Table 2
Ecological Deficit/Reserve of the Countries
slelelelslzlalalglelaslala].
G232 |22 12|22 |RI|KQ|&|&]
Country | | | | | | | | | | | | | ™
2 |83 |IRIR|I3|8|3|83|5|3|8/183]|3
2(/2a |3 |2|2|3 12|12 (23|« |7
LU Luxemburg ......................................................................
BE Be|gium anun | wamn | semn | smms | sees | wess | wmes | wees | wess | wees | wess | sees | wess | wees
us United Stategs === s anun | smms | meas s snan | mams | sman | smms | sess | wmes ann ann
NL Netherlands - s anun | smms | meas s ann unn snan | smms | sams | wmes | wsss ann
UK Un.Kingdom ansn | sums | smms | swmms ann s ann unn unn ann unn ann ann ann
DE Germany ann unn anun | wmmm | wmasm unn ann unn unn ann unn ann ann ann
JP Japan - nn n n n nn n nn nn n nn n n n
IT Italy . s ann ann ann ann ann ann ann ann an ann ann ann
ES Spain . . - - - - - s s ann s ann - -
CY Cyprus . . . . - - ann s s ann unn aman ann ann
DK Denmark . - ann ann ann s ann s s ann unn ann . .
EL Greece . . . . . - . unn unn ann unn ann ann .
FR France - T n n n T - T T - T - - -
PL Poland . - . T T nnn T - - . - . . .
AT Austria . . . . . . . - - - - ann ann ann
Ccz Czech R. wen | wmm | wmn | owms | e | ws
SL Slovenia . - [ T . -
PT Portuga| . . . . . . . T T n nnn T . .
HU Hungary . . ™ ™ ™ ™ ™ . . . . . . .
BG Bu|garia . . . . . - . . . . . . . .
RO Romania . . . . - - - . . . . . . o
CH China o a . . . . . . . . . . - -
IE Ireland o a . . . . . . . - . - . .
SK Slovak R. . . . . . .
TU Turkey P o P P P . . . . . . . . .
LT Lithuania . . . . . .
HR Croatia o . . . . .
NO Norway oo . . . . a o oo oo oo oo o oo oo
Lv Latvia oo oo oo a
EE Estonia sos | ooo o B oos | ooo
SE Sweden oooo | oooo oo oo oo oooo | ooso | cooo | oooo oo ooo oo oo oo
FI Finland | cooooofooooos [oocooo |oooooa |sooooo [ooooao |oooooa |sooooo [ooooas |oooooa |sooooo oooo |oooooo oooo

Source Own processing.

Key environmental, economic and financial indicaterom the long-term
perspective of their development are primarily presd in order to reveal
changes in the state of environment surroundinfpysapplication of the envi-
ronmental measures) (Table 2 and Table 3). The avmingresented below fea-
tures the symbolically ,dark” area in the approxietya 50-year span. ,Dark”
(,===") area symbolises ecological deficit expressethendifference between the
ecological demand, i.e. footprint (FP), and ecalabisupply, i.e. biocapacity
(BC), and is measured in global hectares. The fgitthes in the window obvi-
ously symbolise the ecological reserve)).
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Ecological Deficit/Reserve of the Countries

The more symbols comprise a single position, tleatgr is the deficit or re-
serve by global hectares of natural resources @gitec 7 + 9 gha —=z===" or
”uuunnu“; 5+7 gha — ,-1---“ or "nnnn“; 4 +5 gha — 1-’--“ or ”uuu“; 24 gha — 1-’-“
or ,==*; 0 + 2 gha — " or ,=". Here, greater number of symbols reflects greater
deficit or reserve by global hectares of naturabteces per capita: 7 + 9 gha —
"-un“ or "uuuuuD“; 5+7 gha — :---“ or "uuuu“; 4 +5 gha — ,-’"“ or "nnn“; 2+4
gha — #*or,==*; 0+ 2 gha— 2" or ="

The highest natural potential in the period reférto was demonstrated by
Finland and Sweden, followed by Estonia, Latviaj &lorway. Unfortunately,
the third Baltic country Lithuania no longer hadyagcological reserve. The
smallest country of the European Union (Mahajl the highest deficit of natural
potential, followed by Belgium, the United StatésAmerica, the Netherlands, and
the United Kingdom. In general, the ecologicalatiton did not see any particular
changes since 1993. Sweden, Estonia, Latvia, anddycsucceeded in maintain-
ing the same level of natural potential, some otlwemtries — in slightly reduc-
ing the deficit, while Denmark managed to returthi® level of 1961 — 1964.

The table below presents the environmental ecanami financial indicators
of 12 + 12 countries, analysed in the study by fotarvals of the research period.

The main environmental and economic indicatordyaed in Table 3 include
GHG/capita, renewable energy consumption per capiteN/capita); income
from environmental taxes per capita (ET/capitargyn consumption per capita
(EN/capita) and GDP/capita.

The order of presentation of the countries inTthble 3 has been determined
by ranking. The upper and lower sections repretfenhighest and lowest rank-
ing entries (period averages).

Economically more sound countries are on the fojhe Table 2 by indica-
tors 1, 3, 4 and 5, with Luxembourg placing ontthyg and the bottom usually is
predominated by the countries that joined the EemopUnion at later stages
(with certain exceptions), as well as Turkey, dmelPeople’s Republic of China.
Indicator 2 is not subject to the patterns listeteh

Closer look at the Table 2 reveals sometimes wmggd and sometimes ob-
vious facts. For example, GHG per capita in Estomacontrast to the neigh-
bouring Latvia, catches up with the leading coastr+- Luxembourg and the
U.S. By renewable energy use, the Baltic countae& among the top ten coun-
tries of the total sample. The bottom twelve caestrsuch as Portugal, Croatia,
are ahead of the U.S. by higher environmental taeeapita. It is also obvious
that the volumes of energy consumed correlate éddtel of economic devel-
opment of the respective countries (with insigmifitdeviations).
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Main Indicators of the Research

1. GHG per capita, t of CO2

2. REN per capita, t of ail

3. ET per capita, thous. USD

4. EN per capita, t of oil

5. GDP per capita, thous. USD

equivalent equivalent equivalent

21 31 S| B 1 31 21 2 &1 31 21 3 21 31 21 3 21 31 21 3
z| 2| | 8|8 z|2|8|8|&8|z|2|8|8|8|¢z|2|cg|8|c|zla|8]|¢8]|z¢8
= I | I | S | | I I = | I I | = I I | | S I | | I
o < [*2] Yo - o < [*2] wn - o < (2] wn - o < (2] [Te) - o < [*2] [Te) —
ol | 8|l 8|l3|C| | | 8| || s|s|8|]a|o|g| | 8| || sl 8| s

— - N N - - N N - — N N — — N N — - N (V]
LU 25.9| 25.3| 26.8| 21.3]| NO | 3.21| 3.41| 3.61| 3.37| LU 1.40| 1.58| 2.59| 2.45| LU 7.73| 8.19| 8.70( 7.28| LU 49.1| 57.3/100.0|111.4
us 24.3| 24.4| 22.7| 20.8| SE 1.92 2.07| 2.35| 2.52| DK | 1.54| 1.82| 2.57| 2.40| US 7.80 7.89| 7.50| 6.91| NO | 34.6| 44.0| 81.9| 95.2
EE | 21.2| 14.0| 15.7| 16.5| FI 1.68| 2.00 2.20| 2.43| NO | 1.19| 1.29| 2.06| 2.17| FI 6.06| 6.65| 6.74| 6.21| DK | 33.4| 35.9| 56.7| 59.4
IE 18.8| 17.6| 15.6| 13.0| AT | 0.86| 0.93| 1.14| 1.33| NL | 0.90| 1.06| 1.75| 1.69| NO | 5.41| 5.82| 6.29| 5.88| SE | 29.7 32.7| 49.5| 57.3
Ccz 14.6| 15.1| 14.1| 12.7| EE 0.60] 0.70| 0.82| 1.10| FI 0.76| 0.90| 1.26| 1.47| SE 5.73 5.67| 5.40| 5.15| IE 20.6| 33.9| 54.7| 54.0
FI 15.7| 16.0| 15.3| 11.9| DK | 0.30| 0.42| 0.64| 0.86| AT | 0.73| 0.90| 1.32| 1.46| BE | 5.42| 5.58| 5.43| 4.86/ US | 30.3 38.1| 47.1| 53.0
NL | 15.1| 13.7| 12.7| 11.6| LV | 0.59| 0.63| 0.73| 0.85| SE | 0.8 0.89| 1.29| 1.37| NL | 4.80| 4.88| 4.90| 4.49| NL | 27.2| 30.8| 49.4| 50.2
DE 13.7| 12.4| 11.8| 11.5| SL 0.35| 0.48| 0.58| 0.71| IT 0.72| 0.61| 1.00| 1.32| EE 3.82| 3.58| 3.97| 4.36| AT 27.9| 28.6| 45.2| 49.0
NO | 16.5 16.0| 14.7| 11.4| LT | 0.28| 0.43| 0.51| 0.63| IE 0.60| 0.82| 1.27| 1.19| CZ | 4.08| 4.14| 4.33| 3.98| FI 24.6| 28.8| 45.9| 48.0
BE | 14.7| 13.9| 12.6| 11.1| HR | 0.54]| 0.53| 0.57| 0.62| UK | 0.63| 0.79| 0.98| 1.05| AT | 3.47| 3.78| 4.01| 3.86| BE | 26.2| 27.2| 43.0| 45.3
JP 11.2 11.1| 10.9| 10.9| PT 0.49] 0.48| 0.55| 0.60| BE 0.69| 0.69| 0.98| 0.99| DE | 4.17| 4.12| 4.02| 3.86| DE 28.8| 27.3| 40.4| 45.3
PL 11.2| 10.2| 11.0f 10.5| US 0.35 0.41| 0.50| 0.60| DE 0.63| 0.66| 0.90( 0.95| FR 4.04) 4.22| 4.10| 3.77| UK | 24.1| 31.1| 43.1| 43.1
LT | 8.04| 6.33| 7.85| 8.01| RO | 0.24{ 0.27| 0.37| 0.38| PT | 0.38 0.40| 0.57| 0.49| PL | 2.57| 2.35| 2.52| 2.55| CZ | 5.85| 8.05/18.18({19.73
IT 8.96| 9.60| 9.02| 7.52| CH | 0.26| 0.28| 0.31| 0.37| HR 0.31) 0.47| 0.47| BG | 2.59| 2.38| 2.56| 2.48| EE | 3.38 5.66|14.49|18.18
FR | 9.36/ 9.13| 8.44| 7.31| SK | 0.13| 0.17| 0.27| 0.35| US | 0.31] 0.35| 0.38| 0.39| LT | 2.47| 2.45| 2.72| 2.40| SK | 4.88| 7.10|15.44({17.67
ES | 8.07 9.46| 8.96| 7.23| EL | 0.18] 0.19| 0.23| 0.33| TU | 0.07| 0.14| 0.33| 0.39| HU | 2.50| 2.52| 2.63| 2.38| LT | 2.51| 4.37|{11.33[15.04
HR | 5.54| 6.35| 7.11| 7.03| PL | 0.16| 0.17| 0.20| 0.29| HU | 0.13| 0.19| 0.38| 0.37| EL | 2.23| 2.58| 2.68| 2.25| LV | 2.52| 4.26(11.84({14.39
PT | 7.05 8.39| 7.65| 6.54| HU | 0.13| 0.13| 0.18| 0.24| LV | 0.04| 0.10| 0.26| 0.37| CH | 0.86| 1.01| 1.66| 2.19| PL | 3.87| 5.24|/11.07[13.55
CY | 7.92| 8.43| 8.18| 6.42| NL | 0.07| 0.09| 0.18| 0.24| SK 0.08] 0.12| 0.29( 0.32| LV 1.84| 1.77| 2.10| 2.15| HU | 4.50| 6.66(13.01|13.40
SE | 9.46 8.83| 7.73| 6.19| IE 0.06| 0.08| 0.13| 0.22| PL | 0.07| 0.11| 0.23| 0.27| PT | 2.03 2.42| 2.36| 2.09| HR | 5.10| 6.42|13.11|13.28
HU | 7.63| 7.49| 7.08| 6.14| TU | 0.24| 0.21| 0.19| 0.19| LT | 0.05| 0.12| 0.21| 0.25| HR | 1.78| 2.02| 2.19| 1.99| TU | 3.19| 4.34| 9.30({11.74
LV 7.28| 5.39| 6.44| 6.14| UK | 0.04| 0.04| 0.08| 0.18| BG | 0.02| 0.06f 0.17| 0.20| CY | 2.14| 2.22| 2.26| 1.83| RO 1.62| 2.25| 7.53| 9.26
RO | 7.47| 6.19| 6.42| 6.03| JP 0.15 0.16| 0.16] 0.18| RO | 0.04] 0.06| 0.15| 0.20| RO | 1.97] 1.71| 1.83| 1.66| BG | 1.40| 2.19| 5.89| 7.54
TU | 4.60| 4.84| 5.61| 5.94| CY | 0.06| 0.07| 0.11| 0.16] CH 0.01) 0.03| 0.09| TU | 1.10| 1.16| 1.38| 1.58| CH | 0.68| 1.14| 3.08| 6.97

Source: Own processing.
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In general, it could be claimed that, except fert@in individual cases, the
GHG emissions tended to reduce; renewable enemgyinsome from environ-
mental taxes — to increase; and the total energguroption — to decrease.

In addressing the main research problem, it i@ssary to assess of the links
between the endogenous indicators and the envinotamiaxes. Various poten-
tially and logically reasonable combinations ofigadors have been assessed at
the subsequent stage of the study by employingltgelog” instrument. Name-
ly, experiments with data of absolute, relatived anmulative year-by-year indi-
cators have been conducted.

Attempts have been made to employ the populatizn sumber of people in
employment, GDP, labour efficiency, energy consuomptfossil energy re-
source use, forest area as the denominator ofefhéve values. It should be
emphasized that considerable number of the atteh@s failed as the regres-
sion tendencies have been found to be statistigaignificant for the majority
of the sample countries.

Overlapping variants have also been rejectedekample, elasticity of GHG
and CQ emissions in relation to the environmental taxesldde claimed to
not differ in any aspect. The same could be appbethe absolute and relative
indicators.

Eventually, two groups of indicators have beemtbto be reasonable in the
context of regression. The first group — relatindicators — has been found to
cover FP, GHG and REN, where GDP and the sharengfwable energy use in
the total energy consumption (REN%) are employedhasdenominator. The
second group — absolute indicators — is compri¢edeosame endogenous indi-
cators, the initial data of which have been subjecyear-by-year cumulation
(tagged ,*” in Table 4).

It should be noted that the study deals with ¢ffé@nvironmental taxes (ET)
on the environment. Therefore, tax revenues peatacépT/capita) has been em-
ployed as the regressor in the first group of iattics, while the value of year-
-by-year accrued taxes has been used for the sampege in relation to the
second group of indicators. As already mentionbd, dffect analysed by the
present work and expressed in the elasticity obgadous indicators in relation
to the regressor is their growth/reduction in petage in response to one per-
cent growth of the regressor.

Table 4 presents the value of effect of envirortiadetaxes in three forms:
percentage change (Elasticity), weighted changdeidrof Elasticity), and the
overall weighted change (Weighted Index). The tatdlects the overall multi-
criteria effect by its value according to the nolised scale (0 + 1).
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Table 4
Elasticity of Environmental State Associated with Change in Environmental Tax Revenues
Countr Elasticity% of Index of an dasticity Weighted Countr
Y FF [ GHG | REN | REN% | FP* | GHG* | REN* | FF | GHG | REN | REN% | FP* | GHG* | REN* Index y
AT -0.7¢ | -0.87 | -0.3¢ 0.3t | 0.8¢ | 0.8t 08¢ | 014 | 02C | 0.2z | 0.0¢ | 0.7€ | 0.7¢ 0.5¢ 1.00 IE
BE 0.7z | -1.62 | -1.62 3.0C | 09z | 087 13 | 01z | 054 | 1.0C | 1.0C | 0.8¢ | 0.81 0.9¢ 0.91 BE
BG -0.72 | -0.7€ | -0.2¢ 05¢ | 0.61 | 0.5¢ 09C | 012 | 0.1f | 017 | 0.1€ | 041 | 0.4« 0.5¢ 0.76 DE
CH -0.47 | -0.41 | -0.5¢ 0.1¢ | 031 | 0.3 027 | 0.0C | 0.0C | 0.38 | 0.0¢ | 0.0C | 0.11 0.0C 0.61 UK
CY -0.8¢ | -0.85 | -0.0z 0.7¢ | 0.8C | 0.8C 111 | 017 | 0.1¢ | 0.0C | 0.2 | 0.6¢| 0.7 0.7¢ 0.50 NO
Cz -0.9C | -1.0z | -0.3¢ 058 | 0.7¢ | 0.71 08¢ | 02C | 027 | 022 | 017 | 0.6C | 0.6 0.5¢ 0.47 Jp
DE -1.15 | -1.31| -1.37 257 | 091 | 0.8¢ 137 | 031 | 04C | 084 | 08¢ |082]| 0.8 1.0¢ 0.41 PT
DK -1.37 | -1.5¢ | -0.3( 156 | 0.8t | 0.7¢ 1.06 | 041 | 051 | 0.1¢ | 051 | 071 | 0.6¢ 0.7¢ 0.39 DK
EE -0.9C | -0.6¢ | -0.3¢ 0.6¢ | 0.4¢ | 0.2¢ 05¢ | 02C | 0.4z | 022 | 0.21 | 0.28| 0.0 0.31 0.39 FR
EL -1.2¢ | -1.12 | -0.2¢ 0.7 | 1.0C | 0.9¢ 102 | 0.3t | 0.3 | 017 | 02¢ | 0.9¢ | 0.9¢ 0.7z 0.38 IT
ES -1.37 | -1.31 | -0.5¢ 0.5¢ | 0.9C | 0.9C 094 | 03¢ | 04C | 03¢ | 01¢ | 0.8z | 0.8« 0.62 0.38 EL
Fl -1.1% | -1.3C | -0.5¢ 0.4C | 0.8: | 082 0.9 | 03C | 04C | 038 | 011 | 07¢| 0.7¢ 0.62 0.38 SE
FR -1.01 | -1.52 | -0.8¢ 0.37 | 1.02 | 0.9C 0.9C | 0.8 | 04¢ | 054 | 011 | 1.0C | 0.8 0.5¢ 0.35 LU
HR -1.12 | -1.0¢ | -1.0C 078 | 0.3t | 0.3 0.3C | 0.3C | 0.2¢ | 0.61 | 0.2¢ | 0.06 | 0.1C 0.02 0.35 NL
HU -1.0€ | 1.1 | -0.6( 04z | 0.7€¢ | 0.7¢ 081 | 027 | 032 | 03¢ | 01z | 06z | 0.6° 0.51 0.34 IE
IE -1.4¢ | -1.6C | -0.11 12: | 07¢ | 0.7¢ 0.9¢ | 047 | 052 | 0.0E | 0.3¢ | 0.658 | 0.6t 0.67 0.34 ES
IT -0.81| -0.82 | -0.61 131 | 0.9¢ | 0.9¢ 11t | 0.1€ | 0.1¢ | 0.37 | 042 | 0.8¢| 0.9¢ 0.8¢ 0.31 SL
JF -1.0¢ | -0.95 | -1.2¢ 01z | 0.9¢ | 1.0z 1.06 | 0.2¢ | 0.2¢ | 0.7¢ | 0.0z | 0.9 | 1.0 0.7¢ 0.27 Fl
LT -0.8( | -1.0¢ | -0.6¢ 0.4t | 072 | 0.6 081 | 0.1f | 0.3C | 0.3¢ | 0.1f | 056 | 0.4¢ 0.51 0.23 cY
LU -1.20 | -1.1¢ | -1.17 0.0¢ | 0.9C | 0.8 0.8¢ | 032 | 03t | 072 | 001 |081| 0.7¢ 0.5¢ 0.21 AT
LV -0.6( | -0.82 | -0.6¢ 057 | 0.6z | 0.4¢ 0.5¢ | 0.0€ | 0.16 | 03¢ | 0.17 | 042 | 0.31 0.3( 0.20 HU
NL -0.9C | -1.21 | -0.57 15¢ | 0.8¢ | 0.7¢ 1.1C | 0.2 | 0.3¢ | 032 | 05C | 076 | 0.7¢ 0.7¢ 0.18 SK
NO -1.6€ | -1.81 | -1.3¢ 0.0¢ | 0.81 | 0.8 0.87 | 05t | 0.6 | 0.88 | 0.0C | 06¢| 0.7¢ 0.57 0.16 RO
PL -0.85 | -0.9C | -0.5¢ 0.31 | 0.6 | 0.6° 0.7¢ | 01¢ | 02z | 032 | 0.0¢ | 051 | 052 0.4¢ 0.16 cz
PT -1.3¢ | -1.3¢ | -1.0C 0.1¢ | 0.91 | 0.9¢ 0.9t | 04z | 04¢ | 061 | 00° | 08| 0.9z 0.62 0.15 LT
RO -1.0€ | -1.1¢ | -0.7z 0.3¢ | 0.6¢ | 0.61 081 | 027 | 0.3z | 044 | 011 | 0.4€ | 047 0.51 0.12 HR
SE -1.1¢ | -1.72 | -0.82 05z | 0.9C | 0.8¢ 0.9t | 032 | 0.5¢ | 05C | 0.1€ | 0.81 | 0.7¢ 0.6¢ 0.12 PL
SK -0.6¢ | -1.0C | -0.3( 0.65 | 087 | 0.6¢ 0.8€ | 0.1C | 0.2¢ | 017 | 0.1¢ | 0.77 | 0.5¢ 0.5€ 0.10 TU
SL -0.87 | -1.0€ | -0.4: 0.47 | 0.9t | 0.92 1.0¢ | 0.1€ | 0.2¢ | 025 | 0.1¢ | 0.8¢| 0.8¢ 0.7: 0.08 BG
TU -0.5¢ | -0.5¢ | -0.8: 0.1 | 0.62 | 0.6¢ 0.5€ | 0.0 | 0.07 | 05C | 0.0z | 044 | 051 0.21 0.07 LV
UK -1.22 | -1.6€ | -1.01 24¢ | 0.8t | 0.7¢ 1.01 | 03¢ | 05¢ | 06z | 08 | 07¢| 0.71 0.7¢ 0.04 EE
us -2.65 | -2.6¢ | -0.2¢ 228 | 092 | 0.9z 1.05 | 1.0C | 1.0 | 0.1€ | 074 | 0.8¢ | 0.8i 0.7¢ 0.00 CH

Note: *— using the cumulative data. Columns for FP, Gai@el REN elasticity contain several positive valagd several statistically insignificant values,. €gprus REN
elasticity = 0.02; but not —0.02. These were nnbigd, for it is the value rather than the symbat is important for indexing. Moreover, the senafiies subject to this type of
indexing must be accompanied by the same symbpbri@nce of the symbol is dealt with beldsurce: Own processing.
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In analysis of the Table 4 contents, the attentsoprimarily drawn by the
following facts: intensification of the use of netlresources, GHG emissions
and renewable energy use per unit value of GDPghmiversely dependent on
the growth of environmental taxes per capita. Ghoaftenvironmental taxes is
naturally accompanied by reduction of environmdytdetrimental indicators
(FP, GHG). Reduction of REN, being the environmigntaiendly indicator,
could be explained by behaviour of denominatorthefendogenous and exoge-
nous indicators: in the period 1994 — 2015, GDPallggrew faster than the
population in the countries of the research samylereover, it could be ob-
served that, in almost half of the analysed coestrusually characterised as
sound economies, one percent growth in the tax@saccounted for the eco-
logical reserve (FP-BC) dividend being higher tloae, in about two thirds of
the countries — for the drop in GHG emissions, tindforth of the countries —
growth in the share of renewable energy.

The U.S. experienced the greatest change (aroundIBis noteworthy that
the cumulative effect, having the narrowing trerttew viewed at full scale, par-
tially supports the tendencies discussed aboveghitgj of the indexed values has
shown that the countries, where the effect of envirental taxes on environmen-
tal protection is the highest, are also the coestthat are characterised by the
greatest ecological deficit: the countries of thedpean Union, the U.S., and Ja-
pan (with certain exceptions). The other end oflidtecontains the countries that
have the smallest or no deficit of natural poténtiauntries that joined the EU at
later stages, also Turkey and the People’s Repabiihina characterized by large
size of population.

The following stage of the study aimed at idermifythe specifics of change
of the indicators of environmental state and its mamaince- GHG emissions,
ecological demand (footprint, FP), and renewablergyn use (REN) — in in-
dividual countries in relation to the environmenta (ET) revenues, level of
economic development (GDP), and energy consumgEdl) by employing the
two-step regression approach.

These indicators have been chosen instead of er wathge of indicators for
several reason®©n one handexperiments had also been conducted using data
for the CQ emission and ecological supply (BC) indicatorghvihe latter not
revealing any tendency. Behaviour of the Q@licator had been observed to be
identical to that of the GHG indicator in relatitmthe regressors. Hence, appli-
cation of the C@indicator in the present research causes overlgppi

On the other handthe taxes were classified by their purpose. Bnémges
accounted for the largest share of the environmeatas: in most cases — for
about two thirds, and in individual cases — fomamy as 90% (e.g., Lithuania,
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Latvia, Romania, Bulgaria in 2015), less often +dbout half of the environ-
mental taxes (e.g., Norway, Netherlands, Denmautstia in 2015). This im-
plied the same situation as the one with the @@icator discussed above.

Third, the attempt to include the population size, nunab@mployed people,
population density, labour efficiency, forest ahea not brought any significant
results. Trend of the endogenous indicators asdelsgeemploying relative
values (those with the denominator being the pdjuiasize or the number of
people in employment) was almost the same as irtdke of absolute values.
The indicator of labour efficiency overlapped wisibP. Equating the forest area
with the denominator of the relative indicator Heekn observed to be insignifi-
cant in relation to behaviour of economic indicator

Hence, the first step (,log-log”) generated thasétity of endogenous indi-
cators in relation to exogenous indicators by courity employing the original
time series data and the time series data cumwatadby-year for the period of
22 years. The case of original data contained abwtatistically insignificant
results, and the respective countries were thexatprored. Regression tenden-
cies of the time series cumulated year-by-year vsgaiistically significant for
all countries.

Finally, the second step has involved assessmeahespatial distribution of
countries by the size of the mentioned effect.igufes 1.1 and 1.2 variables of
the vertical and horizontal axes are elasticityctfG emissions: in relation to
the environmental taxeg)( energy usex{), economic capacity, i.e. GDR,).

It should be noted that the scatter diagrams ptedan the Figure 1 are not
intended to depict the regression effect of vadaly and % on variable y. They
are intended to reveal the specifics (rate, dioecthature) of change of the en-
dogenous indicators. In the Figure 1.2 on the riddviger bubble represents
a pair of the elasticity indicatorg&x; — grey ory&x, — black), corresponding to
the country in the Figure 1.1 on the left. The b$tcountries in the latter is
shorter due to presence of insignificant resuisnantioned above.

Graphic visualisation has helped generate insmhisertain facts. In Figure 1.1,
elasticity of GHG emissions in relation to enviramntal taxes (hereinafter — GG
elasticity) by absolute size varies in the rand®¥0-0.4% ). Absolute elas-
ticity percent of GH@pphas demonstrated similar distribution: 0.05 — @g%. (
Meanwhile, the rate of change of GHG emissionsatmercent growth in ener-
gy use (GHGy elasticity,x;) in individual cases reached as many as 2% (Swe-
den, Denmark). Moreover, Quadrants 1, 3, and 4heffield of coordinates
show clear direction and tendency of the rate ange of GHG emissions
(Table 5).
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Figure 1.1

Figure 1.2

Elasticity of Greenhouse Gas Emissions AssociatedttwChange in Environmental
Tax Revenuesy), Energy Use X,), and GDP )
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In countries of Quadrant 4, GH(elasticity is greater than GH&» and
GHGer elasticity. This indicates that higher energy useised higher GHG
emissions compared to economic development or @mviental taxes that did
not have any opposite (environmentally friendlyjeef on the emissions. In
countries of Quadrant 4, higher energy use alsddegteater increase of GHG
emissions compared to environmental taxes, wherdatter had opposite effect
on the emissions: the emissions tended to redwseeslin the countries that
joined the EU at later stages (Romania, HungaryyihaSlovakia, Bulgaria),
and faster in economically more sound old EU mendmmtries (Denmark,
Sweden, the United Kingdom, Germany, Belgium, Jtaljhe countries as re-
ferred to above (plus the Czech Republic, Norwan the Netherlands) rank
under the similar pattern in Quadrant 3.

The scatter diagram of cumulated time series Haer @advantages compared
to the previous case. It could be observed thahalindicators vary in the range
from O to approximately 1. The cumulation could édguated to indexation,
which allows harmonise scales of the indicators$ #ra subject to comparison.
Here, countries of Quadrant 3 in Figure 1.1 hawtsed under the similar pat-
tern above the left trend line (irrespective of anideviation), while countries of
Quadrant 1 are situated below. Countries of Quadrdmave scattered above the
right trend line (with minor deviation), while th®®of Quadrant 1 — below the
right trend line. Moreover, it can be clearly ohss that energy effect on the
environment is considerably stronger than econ@ncttax effect, although tax
effect on the environment is usually stronger teaonomic effect. With certain
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exceptions (China, Croatia, Latvia) ignored, the Ibetween rates of change
of GHG:zr vs. GHGy is non-linear in contrast to the obviously lineaHGer
vs. GHG;pplink.

Table 5
Tendency of Elasticity of Greenhouse Gas Emissions
- o, |8 Quadrant 1 Quadrant 3 Quadrant 4
£ SS9 <o
s |4 25|25 S
c_uj - % @ % 5, G| tendency countries tendency countries properties  tenderjcy
DK*, SE*,
CH. TU UK*, DE*, DK, SE, UK,
y GHG |ET rising R decreasing| BE* NO* decreasing| DE, BE, IT,
LU*, HR*, ’ ’
cY. US FR*, NL, RO*, RO, HU, LV
’ HU, LV*, SK, SK, BG
CZ,BG
% GHG EN rising as w’eII as |decreasing NO (as outlier rising as w’eII as
(grey) they's case |(grey) (grey) they's case
rising CH, TU, LU, | decreasing| as well as
X |GHG | GDP (black) |HR, CY (black) they's case

Note * Countries where tax effect on the environmeanstronger than the economic effect (GDP) are thgge
with an asterisk.

Source:Own processing.

Analysis of the issue gains more substance, wheheafactors are consid-
ered. Ecological footprint (FP), or ecological demhareflecting the scope of
consumption of natural resources, has been intextilwrther as another ,envi-
ronmentally friendly” indicator.

Scatter diagrams 2.1 and 2.2 scatter could benethito be very similar to
the diagrams of the case dealt with above. Theiangar in relation to the en-
dogenous indicators, FP elasticity, ET tendencgegrgy use, and economic
development.

The only difference is that only 2 countries (Demknand Germany) have
remained in Quadrant 3 — the most ,environmentalgadly” one, 4 — in Quad-
rant 4, while five more countries have entered ldast ,friendly” Quadrant 1.
Countries characterised by statistically insigm@ifit results have been ignored.
Elasticity of ecological supply in relation to erommental taxes — EP— ranges
from 0.02 to 0.23%yY), while FR,pp elasticity — from 0.07 — 0.33%], rate of
change of FR, — from 0.5 to 1.25%x) by absolute size. It is noteworthy that,
compared to the previous case, the range of ratharige of ecological supply
is narrower in case of one percent growth of tagegrgy use, and economy.
This statistics generated by the authors has stegh#se conclusion that the rate
of change of ,use” is slower compared to the rdtehange of GHG emissions
in view of the fiscal, energy, and economic factors
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Figure2l Figure 2.2

Elasticity of Footprint Associated with Change in Eavironmental Tax Revenuesy),
Energy Use k;) and GDP »)
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Source:Own processing.

Analysis of Figure 2 on the left and on the righpports the aspect revealed
previously, namely, that higher energy use hastgrexfect on the indicator of
environmental friendliness than economic develognwnfiscal instruments.
Stronger economies characterised by greater emagntal effect of environ-
mental taxes and are settled on the top of the dgigram, while the Baltic
countries and Turkey (by economic effect on envitent) and Romania and
Turkey, with their geographical proximity (by engrgffect on environment) are
on the lower level. Same as in the previous casePeople’s Republic of China
is on the lowest level. Compared to other countiethe research sample, Chi-
na‘'s GDP saw the most rapid growth in the periocalymed (15.5% on average
annually), energy use (5.6% annually) and enviraoriedgaxes (17.7% annually).
Moreover, it follows Slovakia by natural resourcgeun global hectares (3.9%
annually). In addition, ecological demand grew ithuania by 3.8% on average
annually (placed 3rd), followed by Croatia and Latv

Tendencies of change of the ecological footprintcbuntries are presented
in details in Table 6.

In general, it could be claimed that fiscal effentthe environment is stronger
than economic effect in countries of Quadrant Y ¢Rrance, Lithuania, Luxem-
bourg, Netherlands), with this quadrant being #aest ,,environmentally-friendly”.
The study progresses further by employing renewabkrgy use (REN) in re-
lation to environmental taxes (ET), total energpsiamption (EN) in countries
of the research sample and their economic developf@&DP) as the criterion
of maintenance of natural energy resources.
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Table 6
Tendency of Footprint Elasticity of Analysed Counties
> o, |X Quadrant 1 Quadrant 3 Quadrant 4
5 £0o|d9E 0
s |d2z|2Es
u_ttj - g @ % 5,6 | tendency| countries tendency countries properties  tendency
FR*, CH,
y FP ET rising LT TU, SK, decreasing decreasing| DK, IT, DE,
LU*, SL, DK, DE* RO
NL*, LV, BE,
us
. US. SL . -
rising et decreasing rising as well as
% FP EN (grey) NL,TU, CH, (grey) (grey) they's case
LU, BE
i CH, TU, SK ;
rising » 1 & O™ decreasing| as well as
X | FP GDP 1 plack) |[FR.LT.SL. | (black) |they's case
LU, LV, NL

Note * Countries where tax effect on the environmeanstronger than the economic effect (GDP) are thgge
with an asterisk.

Source:Own processing.

Scatter diagram 3.1 suggests that there are caabigemore countries,
where REN elasticity in relation to environmenatds increases along with its
increasing elasticity in relation to GDP (QuadraptThree times smaller effect
in terms of energy is characteristic of 7 countoe$y. Moreover, 7 countries
have demonstrated the reverse tendency: the gisdler negative energy effect,
the greater is the positive fiscal effect (Quad&jnt

It can be clearly noticed that REN elasticity @tation to all the three deno-
minators (ET, GDP, EN) is considerably greater timthe previous case. The
rate of change of REN ranges from 0.1 to 2.8%)( RENspp — from 0.1 to
2.3% (1), FRey — from 0.4 to 11%6).

Scale of the right diagram also extends well bey&n This supports that
growth in demand for renewable energy is considgrister compared to the
rate of change of GHG emissions and natural resouse at one percent growth
of environmental taxes, total energy consumptiod, @DP.

The leading countries in the right diagram areiragfae stronger economies
and, additionally, Cyprus, where ET effect on thei@nment is quite greater.
Stronger energy effect on growth of the demanddnewable resources is charac
teristic of Germany, the United Kingdom, and Dermamaller — in geographi-
cally proximate countries: Slovakia, Bulgaria, Hang and Romania (Figure 3 on
the left). Smaller economic effect is, again, chtmastic to the Baltic countries,
the Czech Republic, Slovakia, Poland, and Turkéyuf€e on the right). The men-
tioned effects could be claimed to be insignifican€hina and Croatia. The coun-
tries with attributes ,smaller effect” and ,the dhaat effect” are scattered below
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the both trend lines in Figure 3. According to aeled results, the rate of growth
of environmental taxes and GDP in these countni¢ke period analysed is con-
siderably greater than the rate of growth of energg/ (under the uniform scale)
compared to other countries of the analysed sarfRpleexample, in Lithuania,

the respective comparison values are 45 and 43%ial-a 78 and 46%, Estonia
— 113 and 44%, Poland — 49 and 38%, while in Geymmah and 10%.

Figure 3.1 Figure 3.2

Elasticity of Renewable Energy Use Associated witBhange in Environmental Tax
Revenuesy), Energy use X;), and GDP »)
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Tendencies in the growth of renewable energy us@@sented by countries
in details in Table 7.

Table 7
Tendency of Elasticity of Renewable Energy Use
- o, |8 Quadrant 1 Quadrant 2
5 £ o |9E5 0w
|92z |235s . .
c_uj £e @ 5 5| tendency countries tendency countries
©
Most of the
Yy REN ET rising countries?*, except IT, N rising DE, UK, DK, SK, BG
CY, SK, CZ, SL, AT, BG HU, RO
PL, EE, LV, CH
X1 REN EN [Igsrlgg) g: SL, AT, FI, EE, NO, Ej;cerye;asmg as well as thg's case
rising
% | REN GoP (black) as well as thgs case

Note * Countries where tax effect on the environmergtronger than the economic effegt >x, — are tagged

with an asterisk.

Source:Author’s calculations.
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It should be noted that REENelasticity exceeds the rate of change of BN
(y > %) in almost all countries of the research sampteept for twelve coun-
tries (see ,Most™). In fact, Croatia, Japan, Luxssarg, and Turkey are not
listed as ,Most” in Quadrant 1 due to statistigadignificance of ET and GDP
effects.

It should be emphasized that conducted study t@sded more possibilities
for more correct assessment of the environmenta¢ff@cton environmentally
favourable trends representing indicator&HG emissions, use of natural
resources (FP), and renewable energy use (REN)sflly has revealed that
fiscal effect is similar to the economic effect aafabolutely lags behind energy
effect. Energy effect simply pushes the fiscal @ffar into the background. The
Figure 4 below depicts distribution of stronger &dfect by size, and countries
are compared in terms of the GDP growth effecthenanvironment. The effect
in ellipse means positive GHG and FP gain per 1%akd GDP growth. Alt-
hough insignificant, the gain still shows enviromta unfriendliness.

Figure 4
Effect of Environmental Tax Revenues and GDP on Enronment
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Source:Own processing.

ET effect on GHG emissions could be consideredbé¢omore prominent
in Denmark, Sweden, the United Kingdom, Germany] Belgium, and less
prominent in Norway, France, Romania, and Latuvisignificant fiscal effect
on the natural resource use in global hectarebdsacteristic of Germany only.
Tax policy with strong focus on promotion of ren&aenergy generation and
implementation of new technologies provides faatgeeffect compared to elas-
ticity of the indicators of GHG emissions and natuesource use in relation to
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all environmental taxes. As mentioned above, engxggs account for the major
share of environmental taxes. For example in 2@¥&nues from energy taxes
in Germany, Spain, Sweden, Lithuania, France, R@araectounted for 80 — 90%
of the total environmental tax revenues; in Belgiuhe United Kingdom, the

U.S., Greece, Finland, Hungary — about 60 — 75%nizek, Ireland, Norway —

up to 60% (where REN errect™> RENspp_errec)-

Further analysis depicted from Figure 4 focusetherobservation that coun-
tries of the large GHG emission section moved wrtiore abundant REN sec-
tion (plus the U.S., Ireland, Spain, Greece, FidJaHungary, Portugal, and
Lithuania that has replaced Latvia). In the peld®®4 — 2015, the rate of aver-
age annual growth of environmental tax revenues @D in these countries
was similar: in Germany and Greece — 2%, Lithuamd Romania — 8 — 10%,
Ireland — 6 and 8%, other countries — 3 — 5%. Thstmapid growth of renewa-
ble energy use was registered in Belgium, the dnikagdom, Germany, Ire-
land (9 — 12% annually), the slowest — in France Horway (1%). Germany
stood out in this sample of countries in most caaests tax and GDP growth
were relatively small compared to renewable enes®, Moreover, the share of
renewable energy in the total energy consumptios thva largest in the Scandi-
navian and Baltic countries analysed, plus Portugalway (56%, 2015 m.),
Sweden (50%), Finland (42%), Latvia (41%), Denm@39%), Portugal (31%),
and Lithuania (30%). For example, the share ofwaies in total energy con-
sumption was only 15% in Germany. In general, it ba noticed that environ-
mental tax effect is stronger in economically meoa&ind countries, where the
economic and tax growth rates are quite slow arsfamable and renewable
energy production technologies are being develepédgher rates.

Conclusion

The general trend for the European Union and athatysed countries of the
sample show reduction in the greenhouse gas emsssitcrease in renewable
energy use and revenues from environmental tagespenic growth, and reduc-
tion in energy consumption growth rates.

The study has demonstrated that with increasew@nues from environmen-
tal taxes in analysed countries, the environmgntatifriendly indicators tend
to reduce. The leading countries in termseafvironmental protectiorhave
been found to be the countries with the largestogocal deficit: countries of
the European Union, the U.S., and Japan, whileotltsider countries in this
field are the countries with the smallest or absisficit, usually these are the
countries that joined the EU at later stages.
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The research has revealed that the effect of @mviental taxes is very close
to the economic effect, and lags behind the enefigct on environmental pro-
tection. The energy consumption effect is constalgratronger. In addition, the
environmental tax effect on environmental protecti@stronger in economically
more sound countries with slower economic and tawth rates and more rapid
development of renewable energy production teclyieso

The role of environmental taxes is more promineinere the level of energy
resource consumption is maintained at the expehsengwable energy use,
with the CQ emissions not rising as the result of increasedofisenewables.

Ecological taxation encourages development andeimmgntation of new
technologies that mitigate pollution and, at theed@ime has positive impact on
creation of new jobs.

Therefore ecological tax reform, i.e. shifting taxrden from labour taxes to
environmental taxes may provide for double divideridcrease of environmen-
tal quality and economic growth and increase ofleympent.

References

ABDULLAH, S. — MORLEY, B. (2014): Environmental Taxesd Economic Growth: Evidence
from Panel Causality Tests. Energy Economi@s pp. 27 — 33.

BARKER, T. et al. (2007): Modelling Environmental T&eform in Germany and the United
Kingdom with E3ME and GINFORS, Resource Productiviigyironmental Tax Reform and
Sustainable Growth in Europe. Available at:
<http://www.petre.org.uk/pdf/berlin2007/meyer_Ixnd13. 12. 2015.]

DIESCHBOURG, C. (2015): Opening Statement for the Haylel Segment of the Twenty-first
Sessions of the Conference of the Parties and #nelih Session of the Conference of the
Parties Serving as the Meeting of the Parties & Kigoto Protocol Delivered by Carole
Dieschbourg and Miguel Arias Cafiete on behalf ofEbheopean Union and its Member States.
Paris, 7 December 2015. Available at: <https://oaiat/files/meetings/paris_nov_2015/
application/pdf/cop21cmpll_hls_speech_eu_luxembpdfsg.

CASTIGLIONE, C. et al. (2014a): Environmental Taxatio Europe: What Does It Depend On?
Cogent Economics&Finance. Available at:
<http://www.tandfonline.com/doi/pdf/10.1080/2333802014.967362>. [5. 01. 2016.]

CASTIGLIONE, C. et al. (2014b): Is there any Evidemeethe Existence of an Environmental
Taxation Kuznets Curve? The Case of European Countridsr their Rule of Law Enforce-
ment. Sustainability, Issue 10, pp. 7242 — 7262.

GROSSMAN, G. M. — KRUEGER, A. B. (1995): Economic Grbvand the Environment. The
Quarterly Journal of Economict10, No. 2, pp. 353 — 377.

HEINE, D. — NORREGAARD, J. — PARRY, |. W. H. (2012):\Bronmental Tax Reform: Princi-
ples from Theory and Practice to Date. [Internatldiionetary fund Working Paper.] Availa-
ble at: <https://www.imf.org/external/pubs/ft/wplDwp12180.pdf>.

IM, T. = WONHYUK, C. (2010): Performance Tools ameir Impact on Pollution Reduction: An
Assessment of Environmental Taxation and R&D. Iragamal Review of Public Administra-
tion, 15, No. 3, pp. 53 — 65.

JACKSON, T. (2009): Industrial Ecology in Europ@uthal of Industrial Ecologyl3, No. 4,
pp. 487 — 490.



308

KALINICHENKO, P. A. (2014): Green Taxes (Ecologichxes, Ecotax). Value Inquiry Book
Series276, pp. 247 — 248.

KAUFMANN, D. (2014): The Worldwide Governance Indiors. The World Bank Group. Avail-
able at: <http://info.worldbank.org/governancehivgiex.aspx#home>. [11. 11. 2015.]

KLINGELHOFER, H. E. (2010): Investments in Environmt& Protection Technologies and the
Paradox of Environmental Taxes and Subsidies. dbwiGlobal Business and Technology,
6, No. 2, pp. 373 — 384.

KRASS, D. - NEDOREZOV, T. (2013): Environmental Tsveed the Choise of Green Technology.
Production and Operations Managemeat,No. 5, pp. 1035 — 1055.

KURTINAITYT E-VENEDIKTOVIENE, D. — PEREIRA, P. €ERNIAUSKAS, G. (2014): Envi-
ronmental Taxes in Northern Europe. The Recent Eeoliand Current Status in the Baltic
Countries. Societal Studie&, No. 2, pp. 331 — 348.

LAZDINA, A. (2008): Pilot Study on Environmental Xes in Latvia in 2007. [Final Report.]
Available at: <http://www.cbd.int/financial/fiscaleiron/latvia — envtaxes.pdf>. [4. 01. 2016.]

MASCU, S. (2013): Evolution of Environmental Tax Reues in Post-communist European
Member Countries. Annals of Faculty of Economi3,No. 1, pp. 472 — 480.

MORLEY, B. (2012): Empirical Evidence on the Effeeiness of Environmental Taxes. Applied
Economics Lettersl9, No. 18, pp. 1817 — 1820.

NAGY, Z. (2013): The Role of Environmental TaxatisnEnvironmental Policy. Proceedings of
Novi Sad Faculty of Law47, No. 3, pp. 515 — 528.

SCASNY, M. et al. (2009): Analyzing Macroeconomiddets of Environmental Taxation in the
Czech Republic with the Econometric EBME Model. Czdohrnal of Economics and Fi-
nanceb9, No. 5, pp. 460 — 491.

OPULSKYTE, R. (2011): Aplinkos mokes; naudojimas Europosafiingos 3alyse: raida ir rezulta-
tai, Siauli; universitetas. Available at: <http:/etalpyklaitinistikadb.|t/fedora/objects/LT-LDB-
0001:J.04~2011~1367178831282/datastreams/DS.002RTIC/content>. [11. 11. 2015.]

PARRY, |. W. H. (2011): Reforming the Tax System torRote Environmental Objectives. [Re-
sources for the Future Discussion Paper.] Washind®€. Available at:
<http://papers.ssrn.com/sol3/papers.cfm?abstare1845826>. [7. 01. 2016.]

PICIU, C. G. — TRICA, L. C. (2012): Assessing the Impaweti Effectiveness of Environmental
Taxes. Procedia Economics and Fina3¢c@p. 728 — 733.

SKJELVIK, J. M. — BRUVOLL, A. — IBENHOLT, K. (2011): &ening the Economy: Nordic
Experiences and Challenges, Vista Analyse 25. Abtgilat:
<http://www.diva-portal.org/smash/get/diva2:702/F83L LTEXTO1.pdf>. [02. 01. 2016.]

SODERHOLM, P. — CHRISTIERNSSON, A. (2008): Policy Effeeness and Acceptance in the
Taxation of Environmentally Damaging Chemical Commaai Environmental Science and
Policy II, 11, No. 3, pp. 240 — 252.

TSAKAS, M. — KATHARAKI, M. (2014): Impact of Enviramental Factors on the Efficiency of
Tax Organizations. Serbian Journal of Managenteridp. 1, pp. 31 — 34.

VALLES-GIMENEZ, J. — ZARATE-MARCO, A. - TRUEBA-CORTES, @2010): Green Taxes
in a Federal Context: An Empirical Model for IndistiWaste in Spain. The Review of Re-
gional Studies40, No. 1, pp. 27 — 51.



