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Tax Collision: The Effect of VAT and Excise Duties
on the Retail Price of Unleaded Gasoline?

Marian DOBRANSCHI — Danu3e NERUDOVA

Abstract

This paper researches the imposition of the Valddel Tax (VAT) on the
excise-inclusive retail price of unleaded gasolinghe European Union coun-
tries. The issue of tax-on-tax arises when thesexduty is included into the VAT
tax base. We analyse the tax burden shifting thiahg retail prices of gasoline
in the context of tax collision between VAT andsexduty. The results show
that VAT burden is over shifted toward the end-oomess through prices.
Moreover, the tax interaction between VAT and fhecsic tax reduces the cor-
rective effect of the excise duty imposed on theaded gasoline.
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Introduction

The issue of the tax incidence and tax burdenisifepresents an on-going
debate in the taxation literature. Although theeef of direct and indirect taxa-
tion have been widely analysed, there are aspétéx éncidence that have been
overlooked in the literature. There can be foundeatensive theoretical ap-
proach to comparison and analysis of the pros and of ad valorem tax and ad
unit taxes due to the relentless search for thienaptaxation. However, regard-
less the extensive theoretical analyses, the tegdenconsider each type of tax
individually, without taking into account the elemi@f tax interaction stemming
from the tax mix between Value Added Tax (VAT) anatise duties, prevails.
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In the EU countries, there are three types ofsakde goods that are subject
to a mix of ad valorem and ad unit taxes — tobgwoducts, alcoholic beverages
and transport fuels. Due to the peculiar methomhdfiding the excise duty into
the VAT tax base, the issue of tax-on-tax ariségrdfore, the interaction between
ad valorem and ad unit tax resembles a tax calliiat artificially increases the
tax base of the VAT. The aim of the paper is tovprthe existence of tax colli-
sion between VAT and excise duty as a result ofsiecific tax-on-tax issue.
Henceforth, the paper aim to analyse the effetaotollision between VAT and
excise duty on tax burden shifting through prigesase of the regular unleaded
gasoline in the EU. Di Giacomo, Piacenza and T2atl2) and Di Giacomo et al.
(2015) have analysed the excise duty pass-throndhhee ability of the specific
tax based mechanisms to stabilize the price o$pram fuels as a counter measure
to rising crude oil prices. Even though the authuase researched the role of
VAT and its interaction with excise duties on fyeices their papers have not
addressed explicitly the issue of tax collision licgtions on tax burden shifting.
The issue of tax-on-tax imposition and the resgltex collision requires a spe-
cial attention, in order to identify the impactad valorem and ad unit taxes on
excisable good prices in the context of tax mixerBfiore, our paper develops
the works of Di Giacomo, Piacenza and Turati (20D2)Giacomo et al. (2015)
further by including the tax collision into the empal analysis, which plays the
role of an interaction term, as a new exogenou®ffdbat influences tax burden
shifting through the retail price of gasoline ie tBU countries.

In the first section of this paper, we briefly i@w the theoretical background
related to tax burden shifting and comparative ithtgcal analyses of ad valorem
and ad unit taxes. We assess empirical studiestfadysed the effect of indirect
taxation on consumer’s and seller’s prices in cdgbe excisable goods. The se-
cond section of this paper investigates the speisifiues of including the excise
duty into the VAT tax base and the distinct taxeeffof excise duty and VAT on
the retail price. The third section of this papesaibes the empirical methodology
used to analyse the effect of VAT, excise duty #iedtax collision (i.e., taken as
interaction term) on the retail price of gasolingdhe EU countries. The last sec-
tion of this paper presents the discussion of tesuld the concluding remarks.

Literature Review

The current literature on tax burden shifting ¢enclassified in five main
categories. The first category focuses on thealetipproach regarding the tax
burden shifting in three different market strucgyreuch as perfect equilibrium,
monopoly and oligopoly (Seligman, 1910; KotlikoficaSummers, 1987; Fullerton
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and Metcalf, 2002). The aforementioned authors tinéethat underline that over
shifting will occur when consumer price increasgsmore than the tax rate
change. The degree of tax shifting depends upoprtbe elasticity of demand and
supply. In the case of elastic demand, the taxdsuisl under shifted; a large part
of the burden is borne by the seller. Conversehgemthe demand is highly inelas-
tic, the consumer will bear most of the tax burderd over shifting can appear.

The second category of theoretical literatureaweid is the comparison be-
tween ad valorem and ad unit tax burden shiftingt¢kand Rosen, 1985; Seade,
1985; Delipalla and Keen, 1992; Keen, 1998; Myl&95; Schroder, 2004). The
authors argue that in case of the perfect compefithere is no difference be-
tween the ad valorem and ad unit taxes, both legiedering the same outcome
with respect to the effect on final price or taxemues. Keen (1998) notes that
the distinction between ad valorem (i.e., as aigof the good’s price) and ad
unit tax (a tax per unit/litre) creates a wedgemeehn producer price and con-
sumer price in a different manner. The ad valoraech&d unit taxes imposed on
excisable goods bear two distinct effects: the ipitdt effect and the upgrading
effect. First, the excise duty, taken as a spep#icunit tax, imposes the upgrad-
ing effect, in which any improvement in the qualitiythe product or increase in
net-of-tax price is not reflected in the amountadf paid. Second, the ad valorem
tax (VAT or general sales tax) bears the multipk#iect. Because the tax is
applied on the good’s value, imposed as a propodifahe price, any improve-
ment in the quality or increase of net-of-tax price., the seller price) is auto-
matically reflected into the ad valorem amount.

The third category of reviewed theoretical literatis the evaluation of ad
valorem taxes versus ad unit taxes in the spes#itngs of Bertrand and Cour-
nout frameworks (Suits and Musgrave, 1953; Andersbal., 2001; Delipalla
and Keen, 2001; Grazzini, 2006). The literaturechastes that the ad valorem
tax is welfare superior to the ad unit tax in a Bytric Cournout oligopoly set-
ting from a welfare and tax revenue maximizatiompof view. In comparison
with Cournout settings, the literature finds thatthe Bertrand framework, ad
unit taxes are welfare superior to ad valorem takeshe monopoly case, ad
valorem is found to be superior to the ad unithagause ad valorem taxes leave
tax revenues unchanged and increases the output.

The fourth category of theoretical literature eaved is the approach towards
the tax mix imposed on excisable goods and thesigdutax-on-tax when the
excise duty is included into the VAT tax base (©@awiier, 2014; Laffer, 2014).
The fifth category of literature reviewed is reeted by the empirical studies
which analyse the tax burden shifting on three gmies of excisable goods,
such as tobacco, alcohol and transport fuels (Bddipand O’Donnell, 2001,
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Young and Bielinska-Kwapisz, 2002; Kenkel, 2005ciDea, Kenkel and Liu,
2013; Bergman and Hansen, 2010; Chaloupka, Strditaon, 2010; Chouinard
and Perloff, 2004; Alm, Sennoga and Skidmore, 200&tudova and David,
2008; Marion and Muehlegger, 2011; Di Giacomo, &maa and Turati, 2012;
Kopczuk et al., 2013; Jametti, Redonda and Ser8;2DilGiacomo et al., 2015).
The main objective of these papers is to invesitfad reaction of the consumer’s
and seller’s prices of excisable goods to changésxiterms. The findings regard-
ing excise duties on alcohol and tobacco are vellgtisimilar; the main conclu-
sion converges to the fact that indirect taxes lophal and tobacco products
tend to be fully shifted and, in some cases, pagity in case of the alcohol
products, the retailers are prone to over-shiftéxeburden. The findings regard-
ing the excise duties on diesel and unleaded gesphbint more to the fact that
indirect taxes on transport fuels tend to be fghyfted through prices toward
end-consumers, and only in a few cases is theuedeh over shifted.

The Issues of Including Excise Duties into the Value Added Tax Base

The common practice in the EU countries, in thétenaf imposing VAT on
excisable goods such as alcohol, tobacco produactsrtor fuels is to include
the excise duty into the VAT tax base. There isdditional tax incidence on the
retail price, due to the artificially increased VAV the size of the excise duty.
Therefore, the issue of the tax-on-tax appearsicdsd previously by Laffer
(2014) and Henry et al. (2009). Consequently, wilhengovernment decides to
increase the VAT or the excise duty, the pricinggyomust accommodate this
tax collision to compensate for the ad valorem ashdinit interaction. Therefore,
when the government declares that the final consauimél pay tx excise duty
for transport fuels, in reality, they p#(1 + VAT) excise duty. In this case, the
VAT extends beyond taxing the value added and aszre the tax burden on
consumers and producers alike.

Laffer (2014) considers that this tax interactinrthe particular case of to-
bacco leads to a disproportional increase of priosapared with ad valorem and
ad unit tax-rate changes. In case of tobacco mxatiaffer (2014) argues that
the imposition of VAT on the excise duty-inclusiggce, produces a non-linear
relationship between the VAT tax rate increase t@nadfinal retail price. The
author approaches the issue of tax collision irprticular case where ad valorem
excise duty is included into the VAT base. Laff@014) underlines that any
increase in non-proportional elements of the psigeh as production costs will
have a larger impact on final price due to thentatiplier. The VAT multiplier
equation is as follows:
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VATmuItipIier = 1 . (1)
1-VAT, EXCIS€ecive

effective

The difference between nominal and effective VAS Laffer (2014) argues,
is the mark-up rate applied on the taxable valuthefgood or service before
the VAT and the effective VAT is the percentagetiod final consumer price.
For example, when the VAT is 20% nominal value, #ffective value of
VAT = 20/120 = 16.67% of the consumer price. Duehte multiplier effect
mentioned above, a 1 monetary unit increase inptieetax price will lead to
a more than 1 monetary increase of the final ptices, an over shifting of the
tax burden can occur.

This rationale can be easily extended to othersakte goods, such as
transport fuels. Taking into account that the exasity imposed on unleaded
gasoline is an ad unit and not an ad valorem exaigg (i.e., excise duty is
a fixed charge per litre of fuel and not as peragatof pre-tax price of gasoline),
the VAT multiplier equation proposed by Laffer (2)Ineeds to be adjusted. In
this particular context, the VAT multiplier becontés following:

VAT 1 . Excise duty
" Excise duty ( Exciseduty VAT.)

o= 2
multiplier 1_ (1*VAT ( )

nominal)

Since the VAT is imposed on excise duty inclugiviee (i.e., which is a sum
of production costs, transportation costs plusiestanark-up and per unit excise
duty), the increase of final price will be signiittly affected by the tax multiplier.
The first term on the right-hand side in Equati@ i§ ad valorem tax on the
value added, and the second term represents thenttax issue by including
excise duty into the VAT base. For example, by edicig the excise duty from
the VAT base the final price of gasoline decredseat least one tenth.

The inclusion of excise duty into the VAT basecise unleaded gasoline
represents a fixed cost that the fuel retailere tak given and must incorporate
into their pricing policy because they have no ocandn its size. The tax policy
on unleaded gasoline is strictly an exogenous fattat cannot be influenced
by the retailers, assuming that they are law-abidaxpayers. Because the tax
burden represents more than 50% of the retail pfagnleaded gasoline in the
European Union countries, the tax policy signiftbamaffects the final price by
influencing fixed costs and profit margins. By deqansing the retail gasoline
price, it can be observed that the inclusion ofisxauty into the VAT base
leads to a twofold increase of VAT revenues. Thaeefit is important to ana-
lyse how this particular case of tax collision affethe seller and consumer price
of motor fuels.
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The Equation (2) represents a clear example of thewax burden of gaso-
line excise duty could be over shifted, considetimgt gasoline bears specific
features of necessity in which the final consunmemaviour is significantly dif-
ferent from the consumption of other excisable gosuch as tobacco and alco-
hol. Therefore, the price elasticity of demand ¢@asoline according to Dahl
(2012) and Havranek and Kokes (2015) is considezkdively inelastic, rang-
ing between —0.14 and —0.3. This finding implieattthe demand for fuels,
at least in the short-term, will not significantbhift downward as a response
to price increases. According to Seade (1985) tdlkeburden shifting is most
likely to occur when the transaction agents (satdouyer) are not responsive to
price changes. Consequently, the tax burden iseshftilly or potentially over
shifted toward the less elastic agent. Over slgftmght occur for various rea-
sons, such as demand inelasticity, fuel-retailerketapower or quality im-
provement of the excisable good or as a compensateasure for decreased
demand in the future.

Data and Methodology

This paper follows the methodological approactKehkel (2005), Marion
and Muehlegger (2011) and Jametti, Redonda and2®4r8), in which a redu-
ced form model is estimated by regressing the nabksgive price of unleaded
gasoline to its main exogenous determinants. Reigigeshe tax-inclusive retail
price of gasoline to the tax rates (e.g., excideedwand VAT), the obtained co-
efficient represents the share of the tax burdahighborne by the final consum-
ers. We expect the tax burden associated with igasta be over shifted toward
end consumers through prices. One explanation doregpectations is the fact
that a new tax rate increase will diminish demanthe long term by increasing
prices; consequently, retailers will increase thegpby more than the tax rate to
compensate for future losses due to lower demandth&r explanation for tax
burden over shifting is due to the tax-on-tax imfi@s, in which by including
the excise duty into VAT tax base, the tax burdemcreased artificially due to
tax collision.

The retail price of the transport fuels is a fimetof costs and tax terms:

P = f(Crudeoil, Exciseduty VATe) 3)

etail gasoline —

The main determinants of the retail price of udéghgasoline are the cost of
crude oil Crude oi), the indirect taxation — excise dugxcise duty applied as
ad unit tax per litre, the ad valorem tax (VAT) bgg in percentage on the price,
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and ¢ is the error term representing other exogenou®i&cthat influence the
price of motor fuels.

The calculation of the retail price of unleadeddalme in the analysed 23 EU
countries have the particular tax-on-tax issue lictvthe VAT is applied on the
excise-inclusive retail price:

P

retail

(9 =(net price+ Exciseduly: VA (4)

Thenet price encapsulates the price of crude oil and otherscasated to
insurance and freight (CIF). This method of impgsimAT on excisable goods
such as gasoline raises the issue of tax collisatween consumption tax (VAT)
and the corrective tax (Excise duty). Therefore, iomovation in empirically
analysing the effect of tax terms on the retaitgof fuels is to introduce another
term into the regression equation — the tax colidbetween VAT and Excise
duty, which plays the role of the interaction teithe regression equation to be
estimated is the following:

Priceg, =
B, + B,(Excisg, ) + B,( VAT) + B,( Crudeqi)+B,( taxcollisipn)+y+e¢

Where Priceg, = the average weekly tax-inclusive retail priceuofeaded

()

gasoline in Euro cents per litre in countrgt timet, Excise, = the excise duty
expressed in Euro cents per litre in coumtat timet, VAT, = the effective ad
valorem tax applied on excise-inclusive retail @rid gasoline in countriyat time

t expressed in percentrude, = is the price of crude oil expressed in Euro cents
per litre in countryi at timet, andtaxcollision, = Excisg, * VAT representing
the interaction term between excise duty and VApliag on fuel price;y repre-

sents the country fixed effects aadthe error term. It is also necessary to mention
the limitations of the study, which represent #eklof data. This fact prevented us
to include other variables possibly influencing tietail price of gasoline as for
example market power, market concentration and imergosts of fuel retailers.

A special attention should be devoted to the &tiion term in multiplicative
models. According to Brambor, Clark and Golder @0Q@vhen an interaction
term is introduced into a multiple variable regresghe constitutive elements of
the interaction term do not present the overakeafbut only the conditional
effect on dependent variable. Thus, when the intiena term between excise
duty and VAT is introduced in Equation (5), theabed coefficient3, presents

the conditional effect on tax-inclusive price ofsghne when VAT is present.

Brambor, Clark and Golder (2006) underlines that ititerpretation of condi-
tional effects from interaction terms should be elasing the following formula:
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APriceg —
— =06+ VAT 6
AExcise Aty ©

We choose the mean sample value of VAT in orderaloulate the condi-
tional effect of excise duty on the price of gaselilnterpreting only the coeffi-
cient 5, without using the formula showed in Equation ZAT is assumed to
equal 0 or constant. Even if case of VAT = 0 isgtlals, this interpretation is not
useful in our case, where VAT is present and isirassl to have a significant
impact on the gasoline tax-inclusive price. Theadtction of the tax collision
(as interaction term) is a method to analyse hawdlx interaction between ex-
cise duty and VAT affect the retail price, giveratthe VAT is applied on the
excise-inclusive retail price. Hence, the re-cated coefficient of excise duty
using Equation (7), captures the conditional immdi@xcise duty on the price of
gasoline when VAT is assumed to WAT . Because the VAT imposed on un-
leaded gasoline price is changed between 2005 4 i2Othe analysed EU coun-
tries, we can also estimate the conditional efd¢atAT on the price of gasoline
using the mean of excise duty:

APriceg

= + [3,EXcise 7
AVAT Bt B, (7)

The panel data analysis is based on data provwgdeuropean Commission
Oil Bulletin that include weekly data on the averagtail price of unleaded gas-
oline and the package of indirect taxation appt®dhis commodity. The data
for crude oil prices are based on Spot Price EuBnast provided by the US
Energy Information Administration (US EIA). Our eimipal analysis is based
on 23 European Union countries, Austria, Belgiutypr@s, the Czech Republic,
Denmark, Estonia, Germany, Greece, Finland, Fradoagary, Ireland, Italy,
Luxembourg, Malta, the Netherlands, Poland, Potfu§pain, Slovenia, Slo-
vakia, Sweden and the United Kingdom, for the me#005 — 2014. The availa-
ble raw data obtained from the aforementioned ®sui@as been processed in
order to set all variables at the same level. Cqunsatly, the crude oil price data
obtained from US EIA in US dollars per barrel weensformed into EUR per
litre. The tax-inclusive price of unleaded gasolimas inflation adjusted using
the Eurostat data regarding Harmonized Consumee Rrdex (HCPI) where the
baseline year was 2005 (i.e. 2005 = 100). Anotheagure undertaken in this
empirical analysis consist into dividing the analyganel data into three groups
of the EU countries: the Western EU which contalata for Austria, Belgium,
Denmark, Germany, France, Finland, Ireland, Luxemipothe Netherlands,
Sweden and the United Kingdom; the Southern EU lwhantains data for Cy-
prus, Greece, ltaly, Portugal, Malta and Spain; Eastern EU which contains
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data for the Czech Republic, Estonia, Hungary, iaatiithuania, Slovakia and
Slovenia. The purpose of dividing the panel datyesms into three groups is due
to the differences between the EU countries econa®avelopment and market
structure. However, between the three groups ohicims analysed there is
a common tax policy, where the excise duty is idetliinto the VAT tax base.
As an additional measure to capture systematierdifices in the tax policy on
gasoline and the gasoline price variations acrbesBU countries the country
fixed effects term was introduced into the model.

After the three groups of panel data analysis vestablished, the data was
tested for stationarity using three different unidt tests: the Levin-Lin-Chu test
(Levin, Lin and Chu, 2003), the Harris-Tzavalistt@$arris and Tzavalis, 1999)
and Im-Pesaran-Shin test (Im, Pesaran and Shiri8)200case of the first two
groups of countries, the Western EU and the Soutk#s all variables from
Equation (5) prepared for regression estimationehawit root. Therefore, we
decided to transform the variables into the natogdrithms and take first differ-
ences. The benefits of log transformation leaditoieating the outliers and also
decreasing the skewed distributions of continucaisallles. The outcome esti-
mates of a logarithm transformed dependent angmtlient variable regression
can be interpreted as elasticities. Moreover, @eioto interpret the effect of inde-
pendent variables at unit level we will report tbg-transformed estimates, calcu-
lating the exponential of the obtained coefficiemtsthe particular case of third
group of EU countries analyse, namely the Easternien testing the stationarity
of the data the real price of gasoline rejectedhtilehypothesis of unit root while
the independent variables have a unit root. Thudeeided to take only the first
differences of all variables analysed for the BasktJ group of countries.

The newly transformed dependent and independeaidbles for the three
groups were re-tested using the Liu-Lin-Chu tdsg, Harris-Tzavalis test and
Im-Pesaran-Shin test and the results obtained al#ecto reject the null hypothe-
sis of unit root for all variables used. Beforeming our model we test the panel
data for the presence of heteroscedasticity andl serrelation. The occurrence
of heteroscedasticity shows that the variabilitydependent variable is unequal
across values of an explanatory variable that éluse predict it. Even if the
OLS estimates are not biased in the presence efdseedasticity, the estimation
is not efficient because it tends to underestirtteetrue variance and covariance.
Standard errors and t-values tend to be biasedvargannot rely on the confidence
intervals if there is heteroscedasticity. The pneeeof serial correlation in panel
data analysis points towards the several shortasrif the chosen model. Auto-
correlation can appear due to the omitted variablameasurement errors. As in
the case of heteroscedasticity, serial correlatimes not produce biased estimates
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but reports biased standard errors and could tebas$s efficient results. Therefore
we use the latest test in STATA for serial coriefain panel data analysis, name-
ly Wooldridge test recommended by Drukker (200B3etial correlation is identi-
fied and also traces of heteroscedasticity areeptethen Baltagi (2008) and
Wooldridge (2010) recommend clustering at the pda& level in order to obtain
consistent estimates of standard errors. This rdetliminates the issues of cross-
sectional heteroscedasticity and within-panel &ecorrelation.

In order to choose between fixed-effects model @mtlom-effects estima-
tion of our regression equation, we perform the df@an test (Hausman, 1978)
to compare which of the two is more appropriateciar empirical analysis.

The main assumption of this empirical analysissoders that the role of
excise duty on gasoline is to decrease the consoimpf fossil fuels and thus
internalize the negative externalities of burnihg tarmful transport fuel. We
expect that the exogenous tax variables (i.e. exdigy and VAT) would have
a positive impact on the real price of unleadedljas. Also, the control exoge-
nous variable — the price of crude oil is expetteldave a positive impact on the
price of gasoline. However, the expectations reggrthe tax collision between
excise duty and VAT and their impact of the reatgmof gasoline are bound to
speculation. Taking into consideration the tax-@ax-situation, which doubles
the size of the VAT multiplier, we expect that tae burden of fuel taxation will
be over shifted towards the end consumers. Moredavisrimportant to analyse
how the artificially increased VAT tax base affettis retail price of fuels.

Results

In Table 1, the pre-estimation test show that aenot reject the null hypo-
thesis of no heteroscedasticity according to telithood-ratio test and no auto-
correlation in panel data according to the Woolgkidest for the Western group
of EU countries. In this case we need to clustquaatel data level in order to
report robust standard errors. Moreover, as showlrable 1, we were unable to
reject the null hypothesis of Hausman test, whiobwms that both, random and
fixed-effects are appropriate for our estimation.

Similar with the Western group of EU countriese fre-estimation tests in
Table 2 show that we cannot reject the null hypgithef no heteroscedasticity
according to the Likelihood-ration test and no aoteelation in panel data ac-
cording to the Wooldridge test for the Southernugref EU countries. In this
case we need to cluster at panel data level irr todeport robust standard errors.
Moreover, as shown in Table 2, we were unable jectehe null hypothesis of
Hausman test, which shows that both, random ardi{fffects are appropriate
for our estimation.
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Table 1

The Pre-estimation Tests Regarding Heteroscedastigj Serial Correlation
and Hausman Test for the Western Group of EU Counties

Pre-estimation tests

Model without the interaction term
Likelihood-ratio test LR chi2(10) = 358.73
(Assumption: nonhet nested in hetero) Prob > chi2 = 0.0000
Wooldridge test for autocorrelation in panel data | F(1, 10) = 136.161
HO: no first-order autocorrelation Prob > F = 0.0000
Hausman test chi2(3) = 0.02
Ho: difference in coefficients not systematic Prob > chi2 = 0.9995

Model with theinteraction term

Likelihood-ratio test LR chi2(10) = 360.64
(Assumption: nonhet nested in hetero) Prob > chi2 = 0.0000
Wooldridge test for autocorrelation in panel data | F(1, 10) = 135.467
HO: no first-order autocorrelation Prob > F = 0.0000
Hausman test: chi2(4) = 0.04
Ho: difference in coefficients not systematic Prob > chi2 = 0.9990

Note.The pre-estimation tests included in Table 1 carftteeteroscedasticity and serial correlation iegent.
The Hausman test is verifying if random-effectprisferred to fixed-effects model.

Source Author calculations.

Table 2

The Pre-estimation Tests Regarding Heteroscedastigj Serial Correlation
and Hausman Test for the Southern Group of EU Countes

Pre-estimation tests
Model without the interaction term

Likelihood-ratio test LR chi2(5) = 220.09
(Assumption: nonhet nested in hetero) Prob > chi2 = 0.0000
Wooldridge test for autocorrelation in panel data | F( 1, 5) = 64.567
HO: no first-order autocorrelation Prob > F = 0.0005
Hausman test chi2(3) = 0.25
Ho: difference in coefficients not systematic Prob>chi2 = 0.9684

Modéd with the interaction term
Likelihood-ratio test LR chi2(5) = 213.22
(Assumption: nonhet nested in hetero) Prob > chi2 = 0.0000
Wooldridge test for autocorrelation in panel data | F(1, 5) = 62.175
HO: no first-order autocorrelation Prob > F = 0.0005
Hausman test: chi2(4) =0.34
Ho: difference in coefficients not systematic Prob > chi2 = 0.9869

Note.The pre-estimation tests included in Table 1 cdrftteeteroscedasticity and serial correlation iegent.
The Hausman test is verifying if random-effectprisferred to fixed-effects model.

Source Author calculations.

In Table 3, the pre-estimation test show that aenot reject the null hypo-
thesis of no heteroscedasticity according to theeliiood-ration test and no
autocorrelation in panel data according to the \Wiadle test for the Eastern
group of EU countries. In this case we need totefust panel data level in order
to report robust standard errors.
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Moreover, as shown in Table 3, we were unableject the null hypothesis
of Hausman test, which shows that both, randomfixed-effects are appropri-
ate for our estimation.

Table 3

The Pre-estimation Tests Regarding Heteroscedastigj Serial Correlation
and Hausman Test for the Eastern Group of EU Counties

Pre-estimation tests
Modd without the interaction term

Likelihood-ratio test LR chi2(7) = 178.37
(Assumption: nonhet nested in hetero) Prob > chi2 = 0.0000
Wooldridge test for autocorrelation in panel data | F(1, 7) = 135.147
HO: no first-order autocorrelation Prob > F = 0.0000
Hausman test chi2(3) = 0.04
Ho: difference in coefficients not systematic Prob > chi2 = 0.9991

Model with the interaction term
Likelihood-ratio test LR chi2(7) = 157.19
(Assumption: nonhet nested in hetero) Prob > chi2 = 0.0000
Wooldridge test for autocorrelation in panel data | F(1, 7) = 134.270
HO: no first-order autocorrelation Prob > F = 0.0000
Hausman test chi2(4) =0.01
Ho: difference in coefficients not systematic Prob > chi2 = 0.9998

Note.The pre-estimation tests included in Table 1 carftteeteroscedasticity and serial correlation iegent.
The Hausman test is verifying if random-effectprisferred to fixed-effects model.

Source Author calculations.

The regression analysis was estimated in two réiffemodels, without and
with the interaction term included into the mod&tcording to the Hausman
test, each model was estimated in two variants evtiee first variant excludes
the country fixed effect and the second varianiuitkes the country fixed effect.
Both variants of our model, Variant A and Variantr&ort robust standard
errors. The reason of reporting the robust standemats using the method sug-
gested by Cameron, Gelbach and Miller (2011) isetd the robustness of the
regression outcome by taking into account possi&tel correlation between the
countries included in each analysed group; heneestdéndard errors were clus-
tered by country level. In the Table 4, the first sf results are reported for the
model without the interaction term between the sxaluty and the VAT im-
posed on the inflation adjusted retail price ofeamled gasoline in the Western
EU group of countries. The obtained coefficientsldoth variants do not present
any modifications. The sign and the impact of tkeise duty and the price of
crude oil are positive as expected. It is importanspecify that the results pre-
sented in Table 4 are the log-transformed coefftsiby calculating the exponen-
tial. The VAT, considered as an exogenous tax bbaihas no statistical signifi-
cant effect on the price of gasoline in this pattc model. Since the coefficients
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are transformed using the exponentials, the ingé¢sppon can be done at the unit
level. Hence, one monetary unit increase of thesexduty in the Western EU

group of countries would lead to a 1.075 monetarigsuincrease of the retalil

price of gasoline. In this case the tax burdenvisr shifted towards the final

consumers.

Table 4

The Impact of Indirect Taxation and Crude Oil on the Retail Price of Unleaded
Gasoline in the Western EU CountrieOLS Regression without the interaction term)

Independent Variables Dependent variable Priceg
Variant A Variant B
Excise 1.075" 1.075"
(0.0194) (0.0194)
Crude oil 1.0777 1.077"
(0.00675) (0.00675)
VAT 1.001 1.001
(0.0266) (0.0266)
Country fixed effect NO YES
Robust Standard Errors YES YES
N 5709 5709

Note Standard errors in parentheses, level of sigmifie’ p < 0.05,” p < 0.01,” p < 0.001; N — number of
observations.

Source Authors calculations.

When estimating the second model, where the ictieraterm is introduced,
we notice a significant change of the results. &stimates presented in Table 5
are transformed calculating the exponential ofitiitgal results. The estimation
procedure follows the same methodology as in Tdbl€he variant A presents
the results obtained without the country fixed efeand robust standard errors.
The Variant B presents the results obtained inalmdhe country fixed effects
term and cluster the standard errors at the couetrgl. Using the Variant B
estimates, the results confirm our expectationasitive sign of exogenous in-
dependent variables.

However, the interpretation of the impact of egaisity and VAT on the real
price of gasoline is done using formula describeBdguations (6) and (7). It can
be interpreted that the effect of one monetary imsitease of excise duty would
lead to an 0.63 monetary units increase in thel ygiae of gasoline only in the
case where VA = 0. When we assume that VAVAT then the coefficient of
excise duty increases from 0.63 to 0.75 using dnedila from Equation (6). In
case of VAT, the conditional effect on the retaitp of gasoline in the Western
EU group of countries increases from 0.842 to 1.298s means that and 1%
increase of VAT would lead to 1.253% increase @f tatail price of gasoline
when the excise duty is included into the VAT tasé.
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Table 5

The Impact of Indirect Taxation and Crude Oil on the Retail Price of Unleaded
Gasoline in the Western EU CountriefOLS Regression with the interaction term)

Independent Variables Dependent variable Priceg
Variant A Variant B
Excise 0.630 0.630
(0.123) (0.123)
Crude oil 1.077" 1.0777
(0.0102) (0.0102)
VAT 0.847 0.847
(0.0536) (0.0539)
Tax collision 0.720° 0.720
(0.0884) (0.0888)
Country fixed effect NO YES
Robust Standard Errors YES YES
N 5709 5709

Note Standard errors in parentheses, level of sigmifie’ p < 0.05,” p < 0.01,” p < 0.001; N — number of
observations.

Source Authors calculations.

The difference between the results obtained inerdband Table 5 are evi-
dent. Excluding the interaction term and assumirege is no tax collision be-
tween the excise duty and the VAT imposed on treolgse price, the excise
duty tax burden will be over shifted towards theaficonsumer. When we con-
sider that there is a tax collision between thergud taxes imposed on the gaso-
line price, the obtained results change radicdllye obtained estimates show
that the inclusion of excise duty into the VAT taase leads to under shifting of
excise duty tax burden and to an over shifting AfT\tax burden in the Western
EU group of countries. The impact of control valgain the form of the price of
crude oil is positive as expected.

In Table 6 the results for Southern EU group afrtdes are presented, cal-
culating the exponentials of the initial estimatesllowing the same procedure
we estimate the impact of exogenous tax variabbéstlae price of crude oil as
control variable without including the tax collisieerm. The results confirm our
expectation of positive impact of excise duty and price of crude oil on the
tax-inclusive price of gasoline. The effect of VAR the retail price of gasoline
in Southern EU is similar with the Western EU gradountries. The research
revealed that VAT is not statistically significawhen the interaction term is
excluded from the regression analysis. In casexofe duty, based on the re-
sults, it can be concluded that one monetary meitease of this tax would lead
in average to a 1.101 monetary units increase enrdiail price of gasoline.
Hence, the excise duty tax burden is over shifted.

In Table 7 we include the tax collision into tlegression, in order to capture the
impact of including the excise duty into the VAKX thase. The results obtained
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change substantially compared with Table 6. Therpmétation of the coefficients
for excise duty and VAT is done using the formulani Equations (6) and (7),
taking into account that these represent conditieffacts. Hence, one monetary
unit increase of excise duty would lead to 0.80hetary units increase into the
retail price of gasoline, when VAT = 0.

Table 6

The Impact of Indirect Taxation and Crude Oil on the Retail Price of Unleaded
Gasoline in the Southern EU CountriegOLS Regression without the interaction term)

Independent Variables Dependent variable Priceg
Variant A Variant B
Excise 1.101" 1.101"
(0.0188) (0.0701)
Crude oil 1.0277 1.027
(0.00728) (0.00878)
VAT 0.978 0.978
(0.0230) (0.0155)
Country fixed effect NO YES
Robust Standard Errors YES YES
N 5709 5709
Note Standard errors in parentheses, level of sigmifie’ p < 0.05,” p < 0.01,” p < 0.001; N — number of

observations.
Source Authors calculations.

Table 7

The Impact of Indirect Taxation and Crude Oil on the Retail Price of Unleaded
Gasoline in the Southern EU CountriegOLS Regression with the interaction term)

Independent Variables Dependent variable Priceg
Variant A Variant B
Excise 0.811" 0.810"
(0.0357) (0.0370)
Crude oil 1.0287 1.028
(0.00723) (0.00876)
VAT 0.8307 0.8307
(0.0265) (0.0308)
Tax collision 0.745" 0.744~
(0.0292) (0.0447)
Country fixed effect NO YES
Robust Standard Errors YES YES
N 5709 5709

ork

Note Standard errors in parentheses, level of sigmifie’ p < 0.05,” p < 0.01,
observations.

Source Authors calculations.

p <0.001; N — number of

However, if we take the mean value of VAT (i.dldwing the Equation (9)),
then one monetary unit increase of excise duty ev®dd to 0.93 monetary units
increase of the retail price of gasoline. Compatimg results for excise duty
between Table 6 and Table 7, the inclusion of auion term between excise
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duty and VAT decreases the effect of excise dutyhenretail price of gasoline.
When the tax collision is excluded from the estiomatthe excise duty estimate
shows that the tax burden is over shifted towahgsend consumer. Including
the tax collision in the regression the excise daty burden is under shifted,
where a share of the burden is borne also by theliga retailer.

Taking into consideration that VAT is changed peéically in the Southern
EU group of countries between 2005 — 2014 we caleuhe conditional effect
of VAT on the retail price using the formula frongiation (7). In the hypo-
thetical case where Excise equals zero, a 1% iseref VAT would lead to
0.830% increase in the retail price of gasolineewhssuming the sample mean
value of excise duty, a 1% increase of VAT wouladéo 1.173% increase in the
retail price of gasoline. Consequently, the condai effect of VAT reveals that
the VAT tax burden is over shifted towards the eadsumer. The effect of the
crude oil price is positive as expected, where m@etary unit increase in the
crude oil price leads to an 1.028 monetary unitseiase in the tax-inclusive
price of gasoline.

Comparing the results obtained in Table 6 and &abhlit can be observed
that the tax collision between excise duty and \fAdys an important role in the
tax burden shifting from gasoline retailer to tleaf consumer. There can be
identified a similarity between Southern EU and WesEU group of countries,
where the inclusion of excise duty into the VAT taase leads to under shifting
of excise duty tax burden.

In Table 8 the results for Eastern EU group ofrtoes are presented. In this
table we run the regression without including tie ¢ollision term between the
excise duty and the VAT. The results show that moaetary unit increase in
the excise duty would lead to 1.307 monetary uniteease in the retail price of
gasoline. The results for the Eastern EU are similth the results obtained for
Western EU and Southern EU group of countries, avtiee excise duty tax bur-
den is over shifted. The price of crude oil hasaitpre effect as expected and
the VAT has no statistical significant effect oe tietail price of gasoline.

When the tax collision term is introduced into thedel, the results change
substantially, as shown in Table 9. Following thene procedure, we calculate
the conditional effects of excise duty and VAT b fprice of gasoline using
Equations (6) and (7). Assuming that VAT equalsozene monetary unit in-
crease in the excise duty would lead to a 3.562et@on units decrease of the
retail price of gasoline. When we assume the sammaan value of the VAT,
then one monetary unit increase of excise duty @vtaad to 1.62 monetary units
increase into the retail price of gasoline. Morepsace the VAT is also changed
in the Eastern EU group of countries between 20@9*4 we calculate the
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conditional effect of VAT using the formula fromettequation (10). Assuming

that Excise equals zero, then a 1% increase itd/&l would lead to 11.94%

decrease of the retail price of gasoline. When aresicler the mean value of the
Excise duty, a 1% increase in the VAT would leadt®85% decrease of the
retail price of gasoline.

Table 8

The Impact of Indirect Taxation and Crude Oil on the Retail Price of Unleaded
Gasoline in the Eastern EU CountriegOLS Regression without the interaction term)

Independent Variables Dependent variable Priceg
Variant A Variant B
Excise 1.307 1.307"
(0.448) (0.0432)
Crude oil 0.1127 0.1127
(0.0186) (0.0186)
VAT -0.128 -0.126
(0.150) (0.151)
Country fixed effect NO YES
Robust Standard Errors YES YES
N 4152 4 152

Note Standard errors in parentheses, level of sigmifie’ p < 0.05,” p < 0.01,” p < 0.001; N — number of
observations.

Source Authors calculations.

Table 9

The Impact of Indirect Taxation and Crude Oil on the Retail Price of Unleaded
Gasoline in the Eastern EU CountriegOLS Regression with the interaction term)

Independent Variables Dependent variable Priceg
Variant A Variant B
Excise -3.562" -3.562°
(1.001) (1.001)
Crude oil 0.1107 0.110"
(0.0165) (0.0166)
VAT —11.94" —11.94"
(2.271) (2.384)
Tax collision 27.95° 27.95"
(5.527) (5.547)
Country fixed effect NO YES
Robust Standard Errors YES YES
N 4152 4 152

Note Standard errors in parentheses, level of sigmifie’ p < 0.05,” p < 0.01,” p < 0.001; N — number of
observationsSource Authors calculations.

The results obtained from estimating the moddhartd without the interaction
term differ substantially. However, the resultsaiteéd for Eastern EU group of
countries are opposite to the Western EU and Soutfld group. The excise duty
is over shifted in both models and the VAT tax leurds under shifted. The impact
of the crude oil price on the retail price of gas®ls positive as expected.
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Discussion of Results

The aim of this paper was to analyse the tax usthéfting of VAT and ex-
cise duty through the retail price of gasolinehia particular context of the tax-
on-tax situation that occurs in the case of ex¢esgbods in the EU countries.
Based on the already existent research, we dewWedotopic further by employ-
ing tax collision between VAT and excise duty aseav exogenous variable, in
order to estimate the conditional effect of eadltiract tax on the retail price of
gasoline. We consider that an extensive approaciedsssary when analysing
the effect of tax terms on the retail price of dasoto capture the real reactions
of pricing policy to exogenous factors.

The results show that the tax burden resultinghfeomix of ad valorem and
ad unit taxes imposed on an excisable commoditgh s$ gasoline, tend to be
borne more by the final consumer than by the sellbe excise duty burden is
close to fully shifted toward consumers, whereamall share of the tax burden
is borne by the retailer. The VAT tax burden is roskifted toward end-consu-
mers in Western EU and Southern EU group of coemtand under shifted in the
Eastern EU. It is important to underline that tetneates obtained for the Western
EU and Southern EU group of countries, in case AT \¢onditional effect on
the gasoline retail price confirms the theoretecsdumptions made in Section 3.
Namely, if the retailer increases the net-of-takgby one monetary unit (due to
guality improvements or increase in profit marding consumer price must in-
crease by more than 1 monetary unit due to VAT iplidt effect. This price
reaction to tax factors could be described as aaradgeous one when it occurs
for tobacco products and alcoholic beverages. Asgtmmprice reaction to tax
increases is beneficial in the case of tobaccoadowhol because it decreases the
demand for such goods and reduces the negativenahties associated with
them. However over shifting of the tax burden ie tase of gasoline retail price
leads to several implications for consumer welf&@ensidering the fact that
transport fuels are necessities, in which the pelasticity of demand is relative-
ly inelastic, the tax burden over shift increades riegressivity of indirect taxes.
The results of our research show that further agreént of the research can be
done through considering tax-on-tax issues an@ad#ision between ad valorem
and ad unit taxes when analysing the indirect ¢gxassivity.

The results obtained by including the tax colisioonstructed as an interac-
tion term decreases the impact of corrective lesigh as excise duties on gaso-
line. The tax collision that results from imposiagnix of VAT and excise duty
on excisable goods increases significantly the weaght loss of taxation. Thus,
this tax-on-tax term imposes an additional costhenretailer, reducing its profit
margin and the level of output.
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The specific case of indirect tax mix and the fiacuax-on-tax imposition,
when excise duty is included into the VAT tax bdsses detrimental implications
for environmentally related excise duties imposedinleaded gasoline. Assum-
ing that the objective of excise duties on transfuels is to mimic an environ-
mental tax to reduce negative externalities frotugion, there is a question of
the costs that these corrective taxes impose. Aloapto the Pigovian principle,
the corrective tax should be equal to the sociatcthat arise from pollution. In
the case of tax mixes such as the one analysdusirpaper, the tax collision
between ad valorem (consumption tax) and ad uxifd@arrective tax) due to the
tax-on-tax issue could artificially increase or &se the size of the corrective
levy and therefore renders a non-linear relatignfletween a VAT tax rate in-
crease and the final retail price, as underlined &fyer (2014). Moreover, our
results show that the Pigovian principle is viatatkie to the tax collision; the
excise duty burden is under shifted. This reactibnetail price to excise duty
increase is breaching the polluter’s pay principleyhich the consumer of gaso-
line should support the full cost of harming thezismnment. The methodology
and the results of our paper can be used in theefltty governments to simulate
the effect of excise duty and VAT increases onrétail price of transport fuels
when the state is pursuing a pollution abatemelitypo

Conclusion

The research paper addresses the issue of taaxomposition on the excis-
able goods, such as unleaded gasoline in the Ebtreest The aim of the paper
is to further develop the works of Di Giacomo, Riaza and Turati (2012); Di
Giacomo et al. (2015), by researching the phenomefidax collision between
ad valorem and ad unit taxes and their implicatmmsax burden shifting which
was not taken into account by aforementioned asthidne contribution of our
paper to current research lies in analysing theceféf VAT and excise duty on
the retail price of gasoline when considering e c¢ollision. Taking into ac-
count the particularities of including the exciagydinto the VAT tax base, we
consider necessary to investigate the tax burdétinghin the context of tax
collision. Before estimating the effect of tax teron the retail price of gasoline
itself, we determine that the VAT and excise dubllide due to the multiplier
effect of the ad valorem tax. Consequently, thectaksion leads to an artificial-
ly increased VAT tax base. This newly devised eroge factor, which influ-
ences the retail price of gasoline, is employedragteraction term in the OLS
multiple variable regression. Another developmdrddant research consists in
analysing two separate models with and withouttéhecollision term, which
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plays the role of interaction term between the sxduty and the VAT imposed
on the retail price of gasoline. Also we divide tfamel data analysis in three EU
groups of countries, taking into account the magtaicture and economic de-
velopment differences.

Estimating the first model, without the interaatiterm, we found that the
excise duty tax burden tends to be over shiftechtds/the end consumer in all
three groups of countries analysed. The resultsimdd from the second model
estimation change radically when the tax collisierm is introduced into the
regression. Hence, the conditional effect of theisxduty, which depends on
the sample mean value of the VAT, shows that thdtaden is under shifted of
this corrective levy in the Western EU and the Seut EU group of countries.
It can be concluded that the inclusion of excisty dito the VAT tax base de-
creases the impact of excise duty on the retaiepof gasoline, thus violates the
Polluter's Pay principle. The conditional effect AT on the retail price of
gasoline, when the mean value of excise duty isnasd, shows that the VAT
tax burden is over shifted towards the end conssinmein the Western EU and
the Southern EU group of countries. The resultsEastern EU group of coun-
tries show an opposite trend in tax burden shifohgxcise duty and VAT for
gasoline compared with previous two EU groups. &stern EU group, the ex-
cise duty tax burden appears to be over shiftdmbth models, with and without
the tax collision and the VAT tax burden is undeifted. It is important to no-
tice that the inclusion of tax collision term irttee second model for the Eastern
EU shows that the inclusion of excise duty in th&TVtax base leads to an in-
crease of tax burden over shifting of the excisty.dihis result confirms the
impact of tax-on-tax procedure of imposing the VAT the retail price of gaso-
line discussed in Section 3.

In conclusion, we found that the tax collisionvee¢n excise duty and VAT
plays a different role in Western and Southern Buntries compared with the
Eastern EU countries. The results obtained showttigaexcise duty is shared
between the retailers and final consumers in trst fivo groups of analysed
countries and is over shifted in Eastern EU coastOpposite effect is observed
in case of VAT, where the ad valorem tax burdeovisr shifted in the Western
and Southern EU countries and under shifted irfcdstern EU member states.

The main assumption of this paper considers tiatrdle of excise duty on
gasoline is to decrease the consumption of fossilsfand thus internalize the
negative externalities of burning the harmful tgzors fuel. Based on the results
of the research, we may conclude that the coranijndhows that tax collision
between the VAT and excise duty tends to violate Rilluter's Pay Principle,
where the final consumer of gasoline is paying kess the external costs of
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consuming gasoline in the Western and Southerndtldtdes and the final con-
sumer is paying more than the external costs assocwith gasoline consump-
tion in the Eastern EU countries.
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