A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Havranek, Tomas; Havrankova, Zuzana; Schwarz, Jifi

Working Paper

Dynamic elasticities of tax revenue: Evidence from the

Czech Republic

IES Working Paper, No. 23/2015

Provided in Cooperation with:

Charles University, Institute of Economic Studies (IES)

Suggested Citation: Havranek, Tomas; Havrankova, Zuzana; Schwarz, Jifi (2015) : Dynamic elasticities
of tax revenue: Evidence from the Czech Republic, IES Working Paper, No. 23/2015, Charles
University in Prague, Institute of Economic Studies (IES), Prague

This Version is available at:
https://hdl.handle.net/10419/146379

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/146379
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Institute of Economic Studies, Faculty of Social Sciences
Charles University in Prague

Dynamic Elasticities of Tax
Revenue: Evidence from the

Czech Republic

Tomas Havranek
ZUzana Irsova
Jirli Schwarz

IES Working Paper: 23/2015



Institute of Economic Studies,
Faculty of Social Sciences,
Charles University in Prague

[UK FSV - IES]

Opletalova 26
CZ-110 00, Prague
E-mail : ies@fsv.cuni.cz
http://ies.fsv.cuni.cz

Institut ekonomickych studii
Fakulta socidlnich véd
Univerzita Karlova v Praze

Opletalova 26
110 00 Praha 1

E-mail : ies@fsv.cuni.cz
http://ies.fsv.cuni.cz

Disclaimer: The IES Working Papers is an online paper series for works by the faculty and
students of the Institute of Economic Studies, Faculty of Social Sciences, Charles University in
Prague, Czech Republic. The papers are peer reviewed, but they are not edited or formatted by the
editors. The views expressed in documents served by this site do not reflect the views of the IES or
any other Charles University Department. They are the sole property of the respective authors.

Additional info at: ies@fsv.cuni.cz

Copyright Notice: Although all documents published by the IES are provided without charge, they
are licensed for personal, academic or educational use. All rights are reserved by the authors.

Citations: All references to documents served by this site must be appropriately cited.
Bibliographic information:
Havranek T., Irsova Z., Schwarz J. (2015). “ Dynamic Elasticities of Tax Revenue: Evidence from

the Czech Republic ” IES Working Paper 23/2015. IES FSV. Charles University.

This paper can be downloaded at: http://ies.fsv.cuni.cz



mailto:IES@Mbox.FSV.CUNI.CZ
http://ies.fsv.cuni.cz/
mailto:IES@Mbox.FSV.CUNI.CZ
http://ies.fsv.cuni.cz/
mailto:ies@fsv.cuni.cz
http://ies.fsv.cuni.cz/

Dynamic Elasticities of Tax Revenue:
Evidence from the Czech Republic

Tomas Havranek®®
Zuzana Irsova®
Jiri Schwarz?

aCzech National Bank, Na Prikope 28, 115 03 Prague 1, Czech Republic
®Institute of Economic Studies, Faculty of Social Sciences, Charles University in
Prague, Smetanovo ndbrezi 6, 111 01 Prague 1, Czech Republic

“Email (corresponding author): jiri.schwarz@cnb.cz

October 2015

Abstract:

Key parameters for the modeling of public finances are tax revenue elasticities with
respect to tax bases. Yet the existing studies estimating these elasticities for emerging
countries disregard the effects of tax reforms on tax revenue, which renders their
estimates inconsistent. We use a unique data set from the Czech Republic to account
for the effects of reforms and estimate both short- and long-run tax revenue
elasticities. Our results suggest that the long-run elasticities are 1.4 for wage tax, 0.9
for value added tax, and 1.7 for profit tax. The adjustment process for value added
tax is fast, but for the remaining two categories it is important to distinguish
between the short- and long-run elasticities: the initial response of revenue to
changes in the bases is weak. In the case of wage tax it takes half a year for the
elasticity to surpass unity.
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1 Introduction

Tax revenue elasticities constitute crucial parameters for both the fiscal and monetary au-
thorities in every economy for three reasons. First, the elasticities are necessary for forecasts
of government revenue based on macroeconomic predictions. Second, both commonly used
methods of cyclical adjustment of public finances, the European Commission method and the
European System of Central Banks method, employ estimates of tax revenue elasticities in order
to split budget balance into its cyclical and structural part. Third, the calculation of tax multi-
pliers depends crucially on the values of tax elasticities (Mertens & Ravn, 2014). Despite their
importance, tax revenue elasticities are often not estimated but only calibrated, especially for
emerging and transition economies. The calibration is either based on the ratio of the marginal
to the average tax rate, or, for some tax categories, the elasticity is assumed to equal one.

The recent literature that employs data from developed countries offers a clear picture of
the best practice approach in the estimation of tax revenue elasticities: researchers compute
simultaneously short- and long-run elasticities using revenue data adjusted for the effects of
tax reforms and tax policy changes (Koester & Priesmeier, 2012). The dynamic nature of
the relationships in question, amplified by, among other things, lags in tax collection or tax
optimization over short periods, can render purely short-run elasticities misleading for practical
purposes. On the other hand, focusing solely on long-run elasticities prohibits us from taking
into account the process of adjustment to tax base shocks (Bruce et al.l 2006)).

Correcting the data set for the effects of tax reforms and tax policy changes is a necessary
condition for the identification of the elasticity coefficients. An important drawback of elas-
ticities computed with non-adjusted data is that many countries, and emerging and transition
economies in particular, face frequent tax system changes. The inconsistency in non-adjusted
data introduced by tax reforms significantly reduces the usability of the resulting elasticities
for predictions of tax revenue and cyclical adjustment of public balances in countries such as
the Czech Republic. But, due to a very limited availability of data on the impact of fiscal
reforms in transition economies, the existing literature covering these countries focuses solely
on estimating non-adjusted elasticities.

This paper contributes to the literature by estimating both the long-run and short-run

tax revenue elasticities and examining the speed of adjustment of tax revenue towards the



equilibrium using an error correction model with quarterly data. We estimate revenue elasticities
of three tax categories, which account for about 70% of all tax revenue in the Czech Republic,
using a unique data set of tax revenue adjusted for the effect of tax reforms and tax policy
changes. Our results reveal that, with the exception of value added tax, the short-run elasticities
are much smaller than their long-run counterparts: in the case of wage tax, it takes about half
a year for the elasticity to reach unity, and even after a year the elasticity remains significantly
below its long-run equilibrium value. The long-run elasticity estimates are 1.4 for wage tax, 1.7
for profit tax, and 0.9 for value added tax.

The remainder of the paper is structured as follows: in we review the related
literature on this topic and discuss the best practice in the estimation of tax revenue elasticities.
describes the data set and explains the selection of tax categories, the definition of tax

bases, and the method we use to adjust tax revenue for the effects of tax reforms. We describe

the workhorse estimation method in and discuss our results in [Section 5l [Section 6|

concludes the paper.

2 Related Literature

The literature on tax elasticities is broad and employs several distinct estimation strategies.
First, some authors derive the elasticities directly from the tax code, typically by computing
the ratio of the marginal to the average tax rate. On the one hand, with this approach the author
does not have to adjust the data for tax reform effects and deal with technical estimation issues.
On the other hand, tax evasion, existence of multiple tax brackets, various tax exemptions,
allowances, and deductibles constitute an important drawback. Using this method, |Girouard &
Andre (2005) compute the elasticity of personal income tax relative to earnings for the Czech
Republic to be 1.7, and assume both the elasticity of corporate income tax with respect to
profits, as well as the elasticity of indirect taxes with respect to consumer expenditure, to equal
one. Bezdek et al.| (2003)) estimate the personal income tax elasticity to be 2.2, while [Valenta
(2011)) obtains an elasticity of 1.2.

The second stream of literature estimates tax revenue elasticities using econometric meth-
ods. Unlike calculation from the tax code, in this second approach tax revenues have to be

related to a corresponding tax base. The true tax bases, which are defined by law, cannot



be obtained without a serious time lag—if the aggregate data on these bases are available at
all. Because tax revenue elasticities are mainly used for cyclical adjustment and tax revenue
forecasts, macroeconomic aggregates updated timely and regularly have to be used as a proxy
for the true bases. The most accessible and straightforward proxy taken from national accounts
is nominal GDP. Using this approach, Krejdl & Schneider| (2000) estimate the private income
tax elasticity of 1.08, find the corporate income tax elasticity to be insignificantly different from
zero, and obtain the value added tax elasticity of 0.95. Nevertheless, Krejdl & Schneider] (2000)
do not adjust the data for effects of tax reforms and tax policy changes.

The third, more rigorous approach to estimating the elasticities involves finding more ade-
quate and less aggregated bases for each tax category than nominal GDP. The literature mostly
follows definitions of tax bases used by the European System of Central Banks (see Bouthevil-
lain et al., 2001): the sum of wages and salaries for wage tax, a measure of corporate profits
for profit tax, and private consumption statistics for indirect tax. In this framework, Bezdek
et al. (2003) estimate corporate income tax and value added tax elasticities with respect to
gross operating surplus of firms and private consumption, and obtain an insignificant estimate
of 0.4 for the former and 0.8 for the latter. Valenta (2011) obtains an estimate of 0.4 for the
corporate income tax revenue elasticity and 1.0 for the indirect tax revenue elasticity. Neither
of these studies take into account the effects of tax reforms and tax policy changes, nor do they
try to estimate both long- and short-run elasticities, which would allow for inference concerning
the dynamics of tax collection in response to shocks into the tax base.

The fourth approach to estimating tax elasticities builds on the assumption of a propor-
tional and static relationship between tax revenue and the respective tax base, and focuses
on estimating how GDP, or another macroeconomic measure of aggregate income, influences
individual tax bases. The major advantage of this method is that no revenue adjustment for
tax reforms is required. But, on the other hand, the relationship between tax revenue and
tax base is anything but static—especially in emerging economies and countries in transition
that experience frequent changes in tax laws. This observation constitutes the reason why this
approach has not been used to estimate tax elasticities for the Czech Republic.

Over the past couple of years, estimating both long- and short-run tax revenue elasticities

in a dynamic setting has become the standard in the literature focusing on developed countries.



The reason is that the modern approach allows us to better understand how, for instance,
the business cycle influences the dynamics of tax revenue reaction to changes in tax bases.
But the differences between short- and long-run elasticities can have more sources, such as
the discrepancy between the true bases and their macroeconomic proxies, lagged responses of
agents to economic shocks, tax optimization over short periods (for example, from one quarter
to another), or lags in tax collection.

To name but a few of the many recent results on tax revenue elasticities in other countries
than the Czech Republic, Wolswijk (2009) and Bettendorf & Limbergen (2013) use dynamic
OLS and data for The Netherlands to obtain long-run elasticities of 0.9-1.0 for value added
tax, 0.8-1.6 for personal income tax, and 1 for corporate income tax. |[Koester & Priesmeier
(2012) with German data obtain 0.79 for value added tax, 0.77 for profit tax, and 1.75 for wage
tax. Moreover, Machado & Zuloeta (2012) and [Fricke & Stussmuth| (2014) estimate elasticities
for Latin American countries and obtain long-run value added tax revenue elasticity estimates
between 1.4 and 2.6, personal income tax elasticity between 0.9 and 3.0, and corporate income
tax elasticity in the range 1.3-3.8. All of these papers use revenue data adjusted for tax
reforms and tax policy changes, which is a necessary condition for estimating correct tax revenue
elasticities, as we have already noted and will explain in the next section in more detail.

To sum up, the estimates of tax elasticities can vary significantly, depending on the method
used, definition of tax bases, adjustment of the data, and, of course, on the source of the data.
But the general lesson that can be taken from the existing literature is clear: the prevailing best
practice in studies employing data from developed countries is to use close proxies for the true
tax bases, allow for the adjustment between short-run and long-run relationships, and correct
the tax revenue data for the impact of tax reforms and tax policy changes. This study is the

first to use such a methodology to estimate tax elasticities for a transition country.

3 Data

For the calculation of revenue elasticities with respect to their tax bases we only focus on the
three most important tax categories: wage tax, profit tax, and value added tax. Wage tax,
called personal income tax in the Czech Republic, probably changed the most over the observed

period 1995-2013. Up until 2007, it was levied with progressive tax rates and involved six tax



Figure 1: The composition of Czech tax revenue in %
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brackets since 1995. The number of tax brackets gradually decreased to four by 2001. In 2008, a
proportional flat tax (including a non-taxable minimum income) was introduced, which further
decreased the progressivity of the tax system. Profit tax, called corporate income tax, was levied
at a proportional rate, while value added tax had two rates (a general rate and a reduced rate)
over the whole observed period. shows that the tax categories included in our analysis
constituted about 70% of all tax revenue over the 20 years of our data sample. The remaining
part of tax revenue comes mostly from excise tax and a couple of other minor categories. As
we are only interested in taxes, we do not take into account social security contributions.
Reviewing the existing literature in the previous section reveals that a large number of
empirical studies on tax elasticities do not adjust the tax revenue for the effects of discretionary
tax reforms. Therefore, such estimates do not fulfill the ceteris paribus condition crucial for a
correct identification of the elasticity coefficients and should be called “tax buoyancy” instead.
An important drawback of buoyancy is that its usability for macroeconomic predictions of tax
revenues and the cyclical adjustment of public budget balances is significantly reduced. This
observation holds especially for transition and developing countries, where tax changes are

much more frequent. But at the same time, availability of both ex ante and ex post estimates of



impacts that tax reforms have on tax revenue is in these countries scarce compared to developed
western economies with a longer tradition of policy appraisal. In fact, we were not able to find a
single empirical study focused on Central and Eastern European countries which would estimate

true policy-neutral tax revenue elasticities.

Figure 2: The cumulative effects of tax reforms in % of adjusted revenues
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shows the cumulative effects of tax reforms, which we use to adjust the revenue data
and construct policy-neutral time series. For example, a reform of value added tax coming into
effect in 2004 caused a permanent increase in revenue. Using a slightly modified version of the
proportional adjustment method (Prestl [1962) utilized by, for example, [Koester & Priesmeier
(2012) or Wolswijk| (2009)), we correspondingly increase all preceding periods by assuming that
the permanent effects of a tax reform change proportionally with the respective tax revenue.
In the case of a policy change temporarily increasing profit tax revenue in 2010, nothing gets
propagated neither into the future, nor into the past. reveals that were all the tax
changes up to 2013 introduced already in 1995, the value added tax revenue would have been
almost 42% higher that year.

In contrast, wage tax and profit tax revenue would have been 36% and 60% lower, respec-

tively. Hence we can say, given how the cumulative effects were constructed, that tax revenue



in 2013 was affected in the same proportion by the implemented tax reforms. It is therefore
no surprise that estimating tax elasticities on unadjusted data yields significantly different, and
thus misleading, results. Keeping every other aspect of our estimation strategy unchanged,
long-run tax elasticities (or rather buoyancies) of tax revenues calculated with unadjusted time
series would be 1.0 for wage tax, 1.1 for value added tax, and 1.3 for profit tax (compared to
the adjusted elasticities of 1.4, 0.9, and 1.7, respectively, which will be discussed later).

Our inputs for the calculation of adjusted tax revenue data come from the Czech National
Bank, where they constitute a set of information used for fiscal projections in the central bank’s
core prediction model. The data are mostly based on ex ante predictions of impacts of policy
changes taken from the documents accompanying draft bills sent to the Parliament of the
Czech Republic. Sometimes, though, they correspond to ex post estimates further adjusted by
the Czech National Bank’s experts to fit the realized impacts of fiscal reforms.

Quarterly data on tax revenue are obtained from the Ministry of Finance of the Czech
Republic. Value added tax and corporate income tax are used in the same form as provided
by the Ministry, but we exclude tax paid by self-employed individuals on the basis of a yearly
tax return from the total personal income tax. The reasons for the exclusion are twofold: first,
we are interested in wage tax, and self-employed individuals do not earn wages. Second, the
excluded subcategory of personal income tax revenue is highly volatile and seems to be divided
into quarters only by statistical approximation. Unfortunately, due to unavailability of more
disaggregated data, it was impossible to exclude other income not directly connected to wages
but subject to personal income tax, such as capital income or lease income—but these categories
do not constitute an important share of households’ income.

The choice of adequate bases for each tax category follows the European System of Central
Banks best practice for estimating cyclically adjusted budget balances (Bouthevillain et al.,
2001)), while taking into account lags in data availability, which could render this method prob-
lematic for cyclical adjustment and tax revenue forecasts. As the base for wage tax, we choose
the sum of wages and salaries; for profit tax the base is net operating surplus; and for value
added tax we choose household consumption and private investment into dwellings. All the data
are taken from Czech quarterly national accounts. shows the development of the ratio

of adjusted tax revenue over the respective bases. With the exception of profit tax base time



Figure 3: The ratio of adjusted tax revenues to their respective bases in %
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series, which only starts in 1999, we have quarterly data covering the period 1995-2013. The
ratio of wage and profit tax to their bases had been increasing till 2005 and has been relatively
stable since then, while the ratio of profit tax revenue to its base has showed more volatility.
The ratio of value added tax revenue to its base was, on the other hand, slightly decreasing over
the whole period. These movements capture mainly changes in the composition of tax bases
(for example due to tax progressivity and movement across tax brackets with income growth)

and the degree of success in tax collection.

4 Estimation Methodology

Our intention in this paper is to estimate both the short-run (instantaneous) and long-run
(equilibrium) elasticity of tax revenue with respect to the corresponding tax base and to analyze
the adjustment process between the two elasticities. We start with testing all the time series
in our data set for stationarity employing the Augmented Dickey-Fuller test (Dickey & Fuller,
1981). The results of these tests, available on request, do not reject the null hypothesis of
nonstationarity at any conventionally used level of statistical significance and thus corroborate

our intuition that tax revenue and bases for all tax categories have a unit root.



In consequence, a simple OLS regression of the development of tax revenue on tax bases
in levels may bring spurious results and biased estimates of the long-run elasticity and other
regression parameters. A simple OLS regression yields consistent estimates of the elasticity if
the corresponding time series have an underlying long-run relationship: in other words, when
the two time series are cointegrated. After correction for the effects of tax reforms, there is little
reason to expect tax revenue not to be closely tied to the development of the appropriate tax
base in the long term, so we expect to find evidence of cointegration. Indeed, the Engle-Granger
cointegration test rejects the null hypothesis of no cointegration at the 1% level of significance
for all pairs of tax bases and revenue.

Because all the time series for tax revenue and tax bases in our data set are nonstationary
and the pairs of tax bases and revenue are cointegrated of order one for each tax category,
we can employ the error correction model to uncover the elasticities and examine the speed of
adjustment of tax revenue towards the equilibrium. We use the two-step procedure developed
by [Engle & Granger (1987) and estimate the long-run relationship between tax revenue and tax
bases in the first step. We have noted that OLS brings consistent estimates of the regression
parameters in this case, but it can be shown that the estimates are inefficient. The long-run
equation can be estimated efficiently by dynamic OLS (Stock & Watson, [1993)): the method
adds to the regression the lags and leads of the change in the tax base.

Unlike most of the papers in the literature on tax elasticities, we make use of quarterly data,
because the available annual time series for the Czech Republic are too short to allow for any
meaningful regression analysis. The use of quarterly data brings additional problems, because
both tax revenue and tax bases display a strong seasonal pattern. Since there is no consensus on
how to treat seasonality within the ECM framework, we evaluate three alternative approaches.
In our baseline estimation we include quarterly dummies to capture seasonal differences, and in
we provide robustness checks that use seasonally adjusted data and that disregard
seasonality, respectively. In all estimations we also control for the effects of the substantial tax
reform of 2008, which affected all three tax categories (the dummy variable may also capture the
effect of the crisis; unfortunately it is impossible to identify these two effects separately). The
reporting of value added tax revenue changed in the Czech Republic in 2004 (see ,

and the change affected especially the seasonal pattern of the reported tax revenue, which is



why for this category we also include interaction terms of the quarterly dummies and a dummy
variable that corresponds to the change in reporting. The final long-run specification that we

estimate takes the following form:

log revenué; = [ + B log base; + i viAlog baseiH + &' reform,
; o (1)
+ Z oL quartery (1 + ¢'breakl) + €.,
k=1

where log revenue! stands for the logarithm of tax revenue in period t for category i (wage tax,
value added tax, or profit tax), 8 is a category-specific intercept, log baseﬁ is the logarithm
of the corresponding tax base in period t for category i, 8 is the long-run elasticity of tax
revenue with respect to the corresponding tax base, Z{:_ j yliA log basei 1, represents leads and
lags of the change in the logarithm of the tax base (because of data limitations, we only use
one lead and lag in our baseline specifications; we have also experimented with other lag and
lead lengths, and the results did not change qualitatively), reform, denotes a dummy variable
that equals one for all time periods starting with the first quarter of 2008, quarter; stands for
quarterly dummies, and break’ represents a dummy variable that equals one for all time periods
starting with the first quarter of 2004 for value added tax.

To estimate the short-run elasticity we move to the second stage of our error-correction-
model approach. In the specification corresponding to the short run we evaluate the relationship
between changes in tax revenue and changes in the corresponding tax base while taking into
account the adjustment towards the long-run equilibrium estimated in equation . To be
specific, we include the lagged value of the estimated residuals from the long-run equation,
which suggests whether the level of tax revenue is below or above its equilibrium level. The
regression coefficient that we get from the short-run equation on the lagged residual from the
long-run equation gives us information about the speed of adjustment of tax revenue towards
the equilibrium: it is the percentage of the gap between the actual and equilibrium value that is
closed each quarter. We also include a lagged value of the change in tax revenue to account for

the potential persistence of shocks into tax collection. The final specification of our short-run
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regression reads

Alog revenue, = afy + o Alog base, + abAlog revenue; 1 + aél_;
3 (2)
+ Xereform, + Z nt quartery, (1 + 0'breakl) + ut,
k=1

where A log revenuel = log revenuel — log revenuel_; stands for the change in the logarithm of
the tax revenue between periods ¢ — 1 and ¢t for category 4, 046 is a category-specific intercept,
Alog basef; is the change in the logarithm of the corresponding tax base in period t for category
i, @} is the short-run elasticity of tax revenue with respect to the corresponding tax base, & _;
represents a lagged residual from the cointegrating relationship , o measures the speed of
adjustment, reform, denotes a dummy variable that equals one for all time periods starting
with the first quarter of 2008, quarter;, stands for quarterly dummies, and break’ represents a
dummy variable that equals one for all time periods starting with the first quarter of 2004 for
value added tax.

In all of our long-run estimations we use Newey-West standard errors (Newey & West, [1987),
which are robust to autocorrelation and heteroscedasticity. In the second stage we also test for
potential remaining autocorrelation, but do not find any in our baseline regressions. An issue
that we do not address fully in this paper is the potential endogeneity of tax bases with respect
to tax revenue in the long-run equation; unfortunately, we find it unfeasible to obtain valid
instruments for the tax bases. We have tried to address the endogeneity problem indirectly by
estimating the long-run specification with simple OLS but lagged (instead of contemporaneous)
values of the tax base; the resulting elasticity is close to the one presented in the main results of
the paper. The dynamic OLS specifications also partially takes the potential endogeneity into
account (Masih & Masih), 1999). Finally, using our long- and short-run estimates, we construct
impulse-response functions of tax revenue to shocks into the tax base. The bounds of the 95%
confidence interval of the impulse response are bootstrapped using 10,000 iterations following

the approach of |[Koester & Priesmeier| (2012).
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5 Results

We present the estimated error correction models that include quarterly dummies in
The two robustness checks in address the treatment of seasonality and yield very
similar results in terms of the long-run elasticities of tax revenue with respect to tax bases.
Differences emerge for the behavior of the model in the short term: with seasonally adjusted data
all short-run elasticities are statistically significant at the 5% level and smaller than the long-
run elasticities; in contrast, when seasonality is ignored, we obtain a short-run elasticity larger
than the long-run one for value added tax (again, all elasticities are statistically significant).
The baseline model brings less precise estimates of the short-run elasticities, but the confidence
intervals of the respective estimates do not exclude the values found by the two robustness
checks, which constitutes another reason why we prefer the model with seasonal dummies and
use it as our baseline estimation.

shows the results for all three tax categories: wage tax, value added tax, and profit
tax. The top panel of the table provides estimates corresponding to the long-run relationship
between the respective values of tax revenue and tax bases; the bottom panel provides short-
run results. In all estimations we find that the error correction term (the residual from the
long-run equation) is statistically significant at the 1% level and negative, which is consistent
with the case when the assumptions of the error correction model are met: in other words,
the negative sign means that when tax revenue is above its equilibrium value, a fraction of the
gap between the current and equilibrium value is closed in the next period. The inverse of the
estimated adjustment coefficient can be interpreted as the speed of adjustment (although this
interpretation is complicated by the fact that we allow for persistence of the changes in tax
revenue, which also influences the adjustment process). We find no evidence of any remaining
autocorrelation in the short-term segment of our baseline model.

We summarize our results graphically by using impulse-response functions of tax revenue to
shocks into the tax base. The function is constructed by simulating the percentage change in
tax revenue in response to a one-percentage increase in the corresponding tax base. [Figure 4
shows the impulse response for wage tax: the solid line denotes the impulse response function,
the dashed lines denote bootstrapped 95% confidence intervals, and the dotted line represents

the long-run elasticity. In time period zero, the value of the impulse response function equals the

12



Table 1: The adjustment of tax revenue to shocks into the tax base (baseline estimation)
Wage tax Valued added tax Profit tax
Long run
base (LR elasticity) 1.445™" 0.867 1.687"
(0.0493) (0.0472) (0.169)
2008 reform -0.0724™" -0.0384™ 0.0212
(0.0240) (0.0180) (0.0680)
Short run
Abase (SR elasticity) 0.316" 0.453 0.587
(0.165) (0.757) (0.411)
Arevenue;_1 -0.191° 0.147 -0.157
(0.102) (0.121) (0.133)
residual_LR;_; (adjustment) -0.536""" -1.109"" -0.903"""
(0.110) (0.178) (0.193)
2008 reform -0.0241" -0.0241 -0.0511
(0.00916) (0.0234) (0.0546)
Autocorrelation (x?) 0.101 0.648 0.719
Observations 73 73 57

Notes: The response variable is tax revenue for the long-run estimation and growth of tax revenue for the short-
run estimation. The long-run specification is estimated by dynamic OLS with the Newey-West correction for
standard errors (heteroscedasticity and autocorrelation-robust up to lag 4); the additional controls included in
the dynamic OLS (lags and leads of tax base) are not reported for ease of exposition. Also unreported are the
constant and quarterly dummies, which are included in all specifications. The regressions for value added tax
additionally include unreported interactions of quarterly dummies and a dummy variable break, which equals one
for all observations occurring after the last quarter of 2003 (a major change in reporting value added tax revenue
in the Czech Republic). The short-run specification is estimated with OLS, and we report the x? statistic for
Durbin’s alternative test of autocorrelation in this specification (in all cases we do not reject the null hypothesis
of no autocorrelation). Residual LR denotes residuals from the long-run equation. Reform denotes a dummy
variable that equals one for observations occurring after the last quarter of 2007 (the implementation of a major
tax reform in the Czech Republic).

short-run elasticity. While the short-run elasticity of about 0.3 is statistically indistinguishable
from zero at the 5% level of significance (it is only significant at the 10% level), it is significantly
smaller than the long-run elasticity of 1.4. The adjustment is relatively slow, with the error
correction coefficient implying that about 50% of the gap between the actual and equilibrium
value is closed each period, but the process is being slowed down by the persistence of changes
in tax revenue (we leave the corresponding variable in the model even though it is borderline
statistically insignificant at the 5% level). It takes about half a year for the elasticity to reach
unity, and even after a year the elasticity is significantly below its equilibrium value. The tax
reform of 2008 represents an important break in our data even though we correct for the effect
of all tax reforms; one potential explanation is that the timing of the reform coincides with the

onset of the late 2000s crisis, which led to a sudden drop in tax revenue.

13



Figure 4: The impulse response of wage tax revenue

Percentage change in tax income

0 2 4 6 8 10
Quarters after a one-percentage-point shock into the tax base

Notes: The solid line shows the impulse response of wage tax revenue to a one-percentage
increase in the corresponding tax base. The bounds of the 95% confidence interval (denoted by
dashed lines) are bootstrapped using 10,000 iterations. The dotted line represents the long-run
elasticity.

The impulse-response function for value added tax is shown in Because of a major
change in the reporting of value added tax in 2004 that affected the reported composition of
tax revenue into quarters (see , we include interaction terms of the break dummy
with quarterly dummies. Similarly to the case of wage tax the reform dummy is statistically
significant at the 5% level, but here only for the long-run block of the model (the result holds
across the two robustness checks). In the case of value added tax the adjustment process is fast,
and the gap between the actual and equilibrium value of tax revenue is closed the very next
period with a slight overshooting, which is nevertheless statistically insignificant. The short-run
elasticity reported by our baseline estimation is statistically indistinguishable from both zero
and the long-run elasticity. When we use seasonally adjusted data, the short-run elasticity
becomes statistically significant at the 5% level, but still very close to the long-run elasticity.
When seasonality is ignored, we obtain a very large estimate of the short-run elasticity. In sum,
our estimates of the short-run elasticity in this case are imprecise, and because the adjustment

process is so fast, for any practical purposes it suffices to use the long-run coefficient, which is
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Figure 5: The impulse response of value added tax revenue

1
!

Percentage change in tax income
0
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0 2 4 6 8 10
Quarters after a one-percentage-point shock into the tax base

Notes: The solid line shows the impulse response of value added tax revenue to a one-percentage
increase in the corresponding tax base. The bounds of the 95% confidence interval (denoted by
dashed lines) are bootstrapped using 10,000 iterations. The dotted line represents the long-run
elasticity.

approximately 0.9 in all three of our estimation models.

The results concerning profit tax are reported in[Figure 6] All three estimation models imply
that the short-run elasticity of about 0.6 is significantly smaller than the long-run elasticity of
1.7, and even though the adjustment is faster than in the case of wage tax, in the first two
quarters after the change in the tax base it is still important to take the adjustment lag into
account and distinguish between the short- and long-run elasticity. The estimated long-run
elasticity is remarkably stable no matter how we treat seasonality in the model, and the short-
run elasticity only changes a little. The dummy variable that controls for the substantial tax
reform of 2008 (or, potentially, the crisis of the late 2000s) is not statistically significant in
neither the long nor the short run, which suggests that the structural break was only important

for wage and value added taxes.
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Figure 6: The impulse response of profit tax revenue

15

Percentage change in tax income

0
1

-5

0 2 4 6 8 10
Quarters after a one-percentage-point shock into the tax base

Notes: The solid line shows the impulse response of profit tax revenue to a one-percentage
increase in the corresponding tax base. The bounds of the 95% confidence interval (denoted by
dashed lines) are bootstrapped using 10,000 iterations. The dotted line represents the long-run
elasticity.

6 Concluding Remarks

In this paper we use an error correction model to estimate short-run and long-run tax revenue
elasticities in the Czech Republic with respect to the corresponding tax bases. We focus on
three tax categories: value added tax, wage tax, and profit tax; and use a unique data set of
tax revenue adjusted for the effects of tax reforms and tax policy changes covering the period
from 1995 to 2013 on a quarterly basis.

Concerning the value added tax, we would intuitively expect the revenue elasticity to equal
one. Nevertheless, our estimated long-run elasticity of 0.9 is plausible as well given that the share
of housing-related expenditure (which has been either subject to reduced tax rate or exempted
from value added tax altogether during the whole observed period) in our tax base has been
steadily increasing since 1995, and doubled by 2013. Moreover, anecdotal evidence suggests
that value added tax collection can be plagued by tax evasion, which can also contribute to the
explanation why the elasticity lies slightly below unity.

Our estimate of the long-run wage tax revenue elasticity, 1.4, is consistent with the progres-
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sivity of personal income tax in the Czech Republic. Nevertheless, the short-run elasticity only
equals 0.3 and the adjustment process appears to be relatively slow: it takes two quarters for
the elasticity to reach unity, and even after a year the elasticity still remains significantly below
its equilibrium long-run value. Especially in the case of the wage tax elasticity, therefore, the
dynamics seems to be crucial and has to be taken into account in order to model the behavior of
tax revenues correctly. In general, estimates of revenue elasticities concerning both value added
and wage tax are broadly comparable with those found in the existing literature.

More puzzling is our estimate of the profit tax revenue elasticity, which equals 1.7 in the
long run. Given the proportionality of corporate income tax, we would expect this elasticity
to be close to one. But even a single-bracket tax system is prone to the so-called “fiscal drag”
due to a usually large number of various deductions, as shown by Creedy & Gemmell (2008)).
Koester & Priesmeier| (2012) note that many previous studies find the elasticity to exceed unity
(for example, Bouthevillain et al., 2001} Breuer, 2010; Kremer et all [2006). Furthermore,
the available tax base only includes operating income and disregards other sources of taxable
income, which can create an upward bias compared to the theoretically true elasticity. Because,
however, the theoretically correct tax base is unavailable for policy analysis, our results suggest
that using a unitary elasticity can lead to overly pessimistic predictions of profit tax revenues
during booms and overly optimistic predictions during recessions.

In a nutshell, our analysis provides relatively precise estimates of long-run tax revenue
elasticities for the Czech Republic, highlights the importance of estimating both short- and
long-run elasticities in a dynamic setting, and provides a framework for adjusting tax revenue

data in transition countries for the effects of tax reforms and tax policy changes.
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Appendix A: Supplementary Material and Robustness Checks

Figure Al: The seasonal pattern of reported value added tax revenue
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Notes: The numbers indicate quarters and depict a quarter-on-quarter percentage change.
There is a clear break visible in the seasonal pattern in 2004; the revenue seems to be more
evenly distributed among the quarters since then.
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Table Al: The adjustment of tax revenue to shocks into the tax base (seasonally adjusted)

Wage tax Valued added tax Profit tax
Long run
base (LR elasticity) 1.452"" 0.939" 1.683""
(0.0490) (0.0452) (0.166)
2008 reform -0.0779""" -0.0408" 0.0157
(0.0232) (0.0188) (0.0658)
Short run
Abase (SR elasticity) 0.801°" 0.789" 0.790"
(0.126) (0.300) (0.368)
Arevenue;_q -0.120 0.175 -0.189
(0.0857) (0.115) (0.125)
residual LR;_; (adjustment) -0.598""" 131777 -0.897""
(0.111) (0.176) (0.188)
2008 reform -0.0146 -0.00349 -0.0494
(0.00961) (0.0228) (0.0541)
Autocorrelation (x?) 0.765 0.319 1.483
Observations 73 73 57

Notes: The response variable is tax revenue for the long-run estimation and growth of tax revenue for the short-run
estimation. The long-run specification is estimated by dynamic OLS with the Newey-West correction for standard
errors (heteroscedasticity and autocorrelation-robust up to lag 4); the additional controls included in the dynamic
OLS (lags and leads of tax base) are not reported for ease of exposition. The short-run specification is estimated
with OLS, and we report the x? statistic for Durbin’s alternative test of autocorrelation in this specification (in
all cases we do not reject the null hypothesis of no autocorrelation). Residual_ LR denotes residuals from the
long-run equation. Reform denotes a dummy variable that equals one for observations occurring after the last
quarter of 2007 (the implementation of a major tax reform in the Czech Republic).
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Table A2: The adjustment of tax revenue to shocks into the tax base (no quarterly dummies)

Wage tax Valued added tax Profit tax
Long run
base (LR elasticity) 1.460"" 0.886 1.736"
(0.0545) (0.0782) (0.152)
2008 reform -0.0730""" -0.0541"" -0.00805
(0.0237) (0.0211) (0.0692)
Short run
Abase (SR elasticity) 0.3717" 2.690" 0.954""
(0.140) (0.293) (0.234)
Arevenue;_1 -0.0218 -0.0687 -0.226"
(0.107) (0.0890) (0.108)
residual LR;_; (adjustment) -0.804™"" -1.028"" -0.9427"
(0.259) (0.205) (0.212)
2008 reform -0.0207 0.0218 -0.0433
(0.0258) (0.0342) (0.0727)
Autocorrelation (x?) 11.215%** 27.027** 0.013
Observations 73 73 57

Notes: The response variable is tax revenue for the long-run estimation and growth of tax revenue for the short-
run estimation. The long-run specification is estimated by dynamic OLS with the Newey-West correction for
standard errors (heteroscedasticity and autocorrelation-robust up to lag 4); the additional controls included in
the dynamic OLS (lags and leads of tax base) are not reported for ease of exposition. The short-run specification
is estimated with OLS, and we report the x? statistic for Durbin’s alternative test of autocorrelation in this
specification. Residual_LR denotes residuals from the long-run equation. Reform denotes a dummy variable that
equals one for observations occurring after the last quarter of 2007 (the implementation of a major tax reform in
the Czech Republic).
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