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ABSTRACT

The important contribution of this paper is to shed light on the validity of the tax-
spend debate using panel data from 15 selected EU countries. The controver-
sial tax and spend, spend and tax, fiscal synchronisation and institutional sep-
aration hypotheses compose the four theories in the field that have been formu-
lated to describe the relationship between government expenditures and tax rev-
enues. The goal of the present study is achieved through three steps. In the first
step, the entire period 1970-2007 is split into two time frames, 1970-1991 and
1992-2007, in order to take into account the pre and post-Maastricht subperi-
ods. In the second step, two-variable and three-variable panel models are esti-
mated employing the TSLS and GMM techniques. In the third step, we perform
a sensitivity analysis by conducting short-and long-run Granger causality tests
to check the robustness of TSLS and GMM results. Our empirical findings in the
case of EU countries are consistent with the theoretical framework of the fiscal
synchronisation hypothesis.

1. INTRODUCTION

XPENDITURES AND REVENUES represent two components of the government
Ebudget. The pattern of relationship between public expenditures and

public revenues has been an interesting issue in economic research.
Four hypotheses concerning this relationship between government spending
and tax receipts have been analysed in the literature. First, the tax-spend
hypothesis argues that changes in public outlays lead to changes in tax rev-
enues. Second, the spend-tax hypothesis indicates that expenditures adjust to
changes in revenues. Third, the fiscal synchronisation hypothesis suggests
that government spending and revenue decisions are taken jointly. Fourth, the
institutional separation hypothesis states that revenues and expenditures are
independent of one another.
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The purpose of this paper is to employ panel data from the European
Union (EU) to investigate the validity of the four hypotheses. The use of panel
data is very important in the case of the EU, as most countries which compose
the EU have similar institutional features and share common goals in the
application of fiscal policy. The EU member states constitute an interesting
case because the fiscal discipline requirement is a primary target of economic
policy. Given that a considerable number of EU countries are confronted with
macroeconomic imbalances because of large government deficits, the relation-
ship between public expenditures and tax revenues represents an important
issue of empirical analysis in order to understand budget deficit movements.

The causal nexus between public outlays and receipts has attracted
various researchers in the area and has been the subject of inconclusive
empirical work. The evidence on the tax-spend debate is mostly related to G7
countries, mainly the USA, where time series data are readily available. The
essential contribution of the present paper is that the four hypotheses are
tested by employing panel data from EU countries. To our knowledge, no
empirical study has used panel data techniques to investigate the pattern of
relationship between government spending and tax receipts. In most cases the
empirical studies on the tax-spend controversy have used time series tech-
niques based on cointegration procedures, error correction modelling (ECM)
and vector autoregression (VAR) analysis. Depending on the cointegrating
properties between the two budgetary variables, a large part of the empirical
literature has focused on their pattern of Granger causality.?

The rest of the paper is structured in the following way. The next
Section discusses briefly the theoretical background of the four hypotheses,
along with a review of the empirical literature. Section 3 presents the method-
ology used in the econometric analysis. Section 4 describes the data and
reports TSLS and GMM results. Robustness checks based on short- and long-
run Granger causality tests are the subject of the fifth Section. Section 6
draws some final conclusions.

2. A BRIEF SURVEY OF THE CONTROVERSY

Since the Maastricht Treaty in 1992 the convergence of fiscal policies has been
a core element of the EU. The Maastricht convergence fiscal criteria focused
on general government deficit and debt. Within the institutional framework of
Economic and Monetary Union (EMU), there is the Excessive Deficit Procedure
(EDP) which is described in the Maastricht Treaty. The EDP is clarified in more
detail within the Stability and Growth Pact (SGP). According to the Treaty,
achieving a general government deficit to GDP ratio of no more than 3 per cent
is a necessary precondition for a country to participate in the final stage of
EMU. Given the loss of the monetary instrument, the role of fiscal policy is
central for the individual EMU country to achieve macroeconomic stability.
Fiscal discipline is one of the principal goals of economic policy, indicating
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that the reduction of budget deficits depends on spending and tax changes.3
Thus, the kind of relationship between public expenditures and tax receipts is
a basic aspect of macroeconomic policy for fiscal authorities to attain budget-
ary balance over the medium term. The government, through its policy meas-
ures, can achieve this target by altering expenditures and revenues in the
required direction.

Alternative hypotheses can be specified to investigate the relationship
between public outlays and tax receipts. The spend-tax hypothesis argues that
changes in expenditures lead to changes in taxes. This hypothesis is consis-
tent with the rationale of the Keynesian model, in which fiscal policy on the
sides of taxation and expenditure tries to manage aggregate demand and to
achieve macroeconomic stability. The budget is considered as an impediment
to fine-tuning the economy, namely, the continual increasing and decreasing
of aggregate demand by fiscal policy in order to stabilise the economy. Albeit
Keynesians support the idea of a balanced annual budget, they instead con-
tend that government should run budget deficits during recession and sur-
pluses only during expansion. Government spending has a key role in eco-
nomic policy because it stimulates aggregate demand and contributes to
macroeconomic growth and stability, by altering its level in the required direc-
tion. One of the prevailing views in the framework of the Keynesian model is
that government expenditure determines macroeconomic activity and affects
the level of taxation. In this way governments spend first and then increase
taxes to finance these expenditures.

Peacock and Wiseman (1961, 1979) are the main proponents of the
spend-tax hypothesis. They argue that temporary increases in public spend-
ing because of political and economic crises can cause permanent increases
in tax revenue. Structural breaks such as wars, unstable political conditions,
etc., may shift public outlays to higher levels causing tax increases.* Ricardian
equivalence is in the spirit of the spend-tax hypothesis. Barro (1979), the lead-
ing proponent of Ricardian equivalence, argues that temporary increases in
government expenditures today, financed by borrowing, will lead to permanent
future tax increases for the public.

Supply-side economists are critical of the Keynesian emphasis on gov-
ernment spending.5 The basic proposition of supply-side economics is that a
substantial reduction of tax burdens, in general, and income tax rates in par-
ticular, will have significant effects on real GDP and the level of growth rates.
Advocates of this school of economic thought formulated a new way of looking
at government policy making, underlining that government economic policy
should focus on aggregate supply rather than on aggregate demand. The gen-
eral framework of supply-side tax policy is that the reduction of income tax
rates would increase labour supply, savings and investment, bringing about
sustained economic growth. Under the Laffer curve the reduction of tax rates
would move the economy back from the prohibitive range, so as to contribute
to an increase in tax revenues. Tax reductions contribute to an increase in real
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GDP, giving the opportunity for government to collect more direct and indirect
taxes. An efficient fiscal policy implies that tax cuts would actually increase
government receipts rather than raise budget deficits. Taking into account
that the primary goal of the supply-side fiscal policy is the lowering of mar-
ginal income tax rates, it is obvious that tax revenues lead government expen-
ditures. In this way supply-side economics appears to accept the rationale of
the tax-spend hypothesis. Friedman (1972, 1978), Buchanan and Wagner
(1977, 1978) among others are advocates of the tax-spend theory. A balanced
budget must be based on the principle that public revenues must determine
the growth of public expenditures. The primary function of the budget is to
ensure that the government increases the amount of revenues it considers
necessary.

The fiscal synchronisation hypothesis, advanced mainly by Musgrave
(1966), and Meltzer and Richard (1981), argues that government spending and
revenue decisions are taken jointly. Policymakers compare the marginal ben-
efits and marginal costs of fiscal policy with respect to the appropriate levels
of outlays and receipts. Governments simultaneously determine the package
of spending and revenue programmes so as to maximise the social welfare
function. Governments, seeking macroeconomic stability and high growth
rates, have to apply fiscal policy measures determining the budget pro-
gramme, along with the taxes necessary to finance expenditures. The advo-
cates of the fiscal synchronisation hypothesis do not assume that the govern-
ment budget must be in balance every year. Whilst expenditures and revenues
should move together, different targets of economic policy can bring the budg-
et into transient surplus or deficit.

A fourth hypothesis, suggested by Wildavsky (1975) and Wilensky
(1975) among others, argues that taxes and expenditures are independent of
one another. This view, known in the literature as the fiscal separation
hypothesis, underlines the institutional separation of the spending and taxa-
tion decision-making processes of government. Government's power to spend
and levy taxes is a result of the legal framework that was previously estab-
lished. The government, setting the institutional and legal framework within
which markets operate, is the fundamental mechanism for determining the
function of the economic system. Having decided the ceiling under which
expenditure and revenue should be constrained, the government has to fulfill
three criteria: allocative efficiency, distribution, and macroeconomic stability.
Any economic system has to determine how to allocate economic resources,
what goods and services to produce, how to produce them and to whom to dis-
tribute them. Considering that public outlays and tax receipts follow an inde-
pendent path in the long run, the solution to these problems depends sub-
stantially on the application of fiscal policy measures.

All four hypotheses have been investigated empirically by various
authors using data from developed and developing countries. The empirical
studies on different countries have yielded inconclusive results. The sensitiv-
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ity of results is related to the degree of temporal aggregation, the time period
used in the empirical analysis, the kind of instruments, and the choice of
econometric methodology. It should be noted that most papers have employed
VAR analysis based mainly upon Granger causality techniques.® Miller and
Russek (1990), employing annual and quarterly data from 1946 to 1987 for
the US and using an ECM strategy, found that a two-way feedback relation-
ship exists between taxes and spending. The evidence of bidirectional Granger
causality between receipts and outlays is in line with the fiscal synchronisa-
tion hypothesis, indicating that government decides on the appropriate expen-
diture level and adjusts taxes to cover the cost.

Baffes and Shah (1994) examined Granger causality between govern-
ment expenditures and revenues for Argentina, Brazil and Mexico, using
annual data for 1913-1984, 1908-1985 and 1895-1984, respectively. Their
results gave strong evidence of two-way Granger causality for Argentina and
Mexico. For Brazil the type of Granger causality was from revenues to spend-
ing. Koren and Stiassny (1998) estimated structural VAR models to check the
relation between government spending and taxation decisions in nine devel-
oped countries. In their empirical procedure, the VAR model for each country
includes, besides outlays and revenues, GDP as an additional variable. The
authors, interpreting the budget-making process as an ECM, provided evi-
dence in accordance with the spend-tax hypothesis for Austria, France and
Italy. The tax-spend theory appears to be true for Germany, the Netherlands,
the UK and the US. Their results for Sweden and Switzerland tend to support
the institutional separation hypothesis.

Owoye (1995) investigated the directions of causality between expendi-
tures and taxes in G7 countries for the 1961-1990 period. This paper utilised
ECM and Granger causality tests. The results indicated that bidirectional
causality exists between taxes and expenditures in the USA, Germany, the
UK, France and Canada, showing that the decisions to tax and spend or vice
versa are made jointly. The evidence for Japan and Italy suggested that
causality runs from taxes to expenditures, implying that higher public rev-
enues lead to higher public outlays. Darrat (1998) examined the causal rela-
tionship between expenditure and revenue for Turkey over the period 1967-
1994. The methodology was based on cointegration, ECM approach and
Granger causality. In his empirical analysis he incorporated real GNP and the
rate of interest as two additional variables as determining the behaviour of
revenue and spending. The results provided strong support for the contention
that tax revenues Granger-cause government expenditures in Turkey, both in
the short-run and the long-run. Chang, Liu and Caudill (2002), employing
time series techniques and using annual data over the period 1951-1996 for
ten countries, found conflicting results regarding the four hypotheses. Their
findings supported the spend-tax hypothesis for Australia and South Africa.
For Japan, South Korea, Taiwan, the UK and the US, they provided evidence
consistent with the tax-spend hypothesis. For Canada their results appear to

- 69 -



G A Vamvoukas

be in line with the fiscal synchronisation hypothesis. Finally, for New Zealand
and Thailand the results seem to support the institutional separation hypoth-
esis.

Narayan and Narayan (2006) examined the pattern of causality
between government spending (G) and government revenue (7) within a multi-
variate framework, by modelling G and T with Y (real GDP). Adopting the Toda
and Yamamoto (1995) procedure to test for Granger causality, they found sup-
port for the tax-spend hypothesis in the case of Chile, El Salvador, Mauritius
and Venezuela. Their results for Haiti indicated the acceptance of the fiscal
synchronisation hypothesis. For Peru, South Africa, Guatemala, Uruguay and
Ecuador, there is evidence of neutrality, suggesting no causality between G
and T; thus the institutional separation hypothesis is accepted in these cases.
Kollias and Paleologou (2006) investigated the long-term relationship between
taxes and expenditures in fifteen European countries, using annual data in a
vector error correction modelling (VECM) framework. The four hypotheses
were tested in the context of cointegration and Granger causality. For
Denmark, Greece, Ireland, the Netherlands, Portugal and Sweden, the evi-
dence was consistent with the fiscal synchronisation hypothesis. For Finland,
France, Italy, Spain and the UK, the findings point out the tax-spend hypoth-
esis. The spend-tax view is supported in the case of Luxembourg. Finally, the
institutional separation hypothesis seems to be the case for Austria, Belgium
and Germany. Ho and Huang (2009) tested the interaction between revenues
and expenditures for 31 Chinese provinces using panel data covering 1999 to
2005. Based on panel vector error correction analysis, their findings support
the fiscal synchronisation hypothesis for all 31 provinces.

3. METHODOLOGY

Panel models of various types that can be estimated by using different esti-

mation techniques may be formulated by the following specification:
Yit=a+X'itbit+5i+j/t+8it (1)

where i = 1,2,...,N and t = 1,2,...,T denote cross-sectional units and dated

periods respectively; Y}, is the dependent variable; X;, is a k-vector of explana-

tory variables; b is the vector of coefficients to be estimated; the parameter o
indicates the overall constant; §; and ¥, reflect cross-sectional or period-spe-
cific effects which can be fixed or random; and ¢;, are the error terms. The b
coefficients may be classified into groups of cross-section specific, period-spe-
cific, and common regressor parameters. The structure of vector b allows for
b coefficients to differ across cross sections or periods. Estimating model 1,
one can create interaction variables in order to generate variations for b coef-
ficients across periods or cross section countries. In panel model 1 the terms

- 70 -



Economic Issues, Vol. 16, Part 1, 2011

6; and ¥, may be handled adopting fixed or random effects procedures. The

fixed effects specifications employ orthogonal projections which contain a
proper approach to remove cross section means from the dependent variable
and exogenous regressors. Given that in the estimation procedure instrumen-
tal variables are formulated with fixed effects, orthogonal projections are also
applied to instruments. The random effects approaches suppose that the
terms §; and y, are realisations of independent random variables with mean
zero and finite variance, and the effects are not correlated with the idiosyn-
cratic residuals £,.
Based on panel model 1 the OLS estimator is given as

5OLS Z(ZX’#X;' )_ (ZX:YIJ (2)

Taking into account that TSLS is a straightforward extension of the
standard OLS estimator, the TSLS estimator is written as

—1
ETSLS Z(ZX'iPZ,Xi) (ZX'I. PZYIJ (3)
where the orthogonal projection matrix P, for the instruments Z; is

P, = [Zi (2.2, Z'i] @)

The covariance matrix of the composite error V,(V;,=8;+7;,+€;) can be calcu-

lated by various procedures, such as the Swamy-Arora, Wallace-Hussain and
Wansbeek-Kapteyn estimators.” In large samples the Wansbeek-Kapteyn esti-
mator of the component variances, Var(V;), leads to similar results compared
with Swamy-Arora and Wallace-Hussain estimators. The purpose of TSLS
approach is to generalised least squares (GLS) transform the dependent and
regressor data included in the instruments prior to estimation. TSLS permits
for different structures of correlations between the residuals.
Contemporaneous covariances, period-specific heteroskedasticity and
between-period covariances constitute essential specifications that allow for
various patterns of residual variance.

Based on equation 1, GMM estimators may indicate moments
of the following form:

bowi =3 2", (b) (5)
i=1
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where Z;is a T; x P matrix of instruments for cross-section i, and
e, (0)=[¥ -/ (X,.b)] ©)

Having estimated the coefficient vector h the coefficient covariance
matrix is computed as below:

Var(h)=(@'H®) (@' HAHD)(@'HD)' (7)

where H is a p X p weighting matrix, @ is a derivative matrix with
dimensions T; x K and A is an estimator of E[(I)I. (L (b')]z E[Zl.'el. (®)e (b')Z,.].
The GMM estimation technique follows three main stages: (i) deter-
mining the instruments Z; (ii) choosing the weighting matrix H; and
(iii) specifying an estimator for A. One may formulate alternative
specifications for H and A. It should be noted that using GLS-trans-
formed data we can compute GMM estimators. In this case, the GMM
estimator is expressed by the GLS weighting

~ M A
bows =), Z' Q€ (b) (8)
i=1

A

where Q is an estimator of the contemporaneous variance-covariance
matrix. Efficient GMM estimators can be computed using dynamic
panel data approaches. Consider the formulation

Jrit=j

p
Y, =) mY,  +X/b+6 +¢, 9)
j=1

First differencing (9) produces

+AX b+ A€, (10)

it—j

14
AY, = ZEIAY
=1

The individual effect §;, has been eliminated by first-differencing.

Specification 10 reflects a dynamic panel model which may be esti-
mated employing GMM methods. In GMM model 10, the period-spe-
cific instruments are related to lagged values of the dependent and
predetermined variables. In the estimation procedure, along with a
group of strictly exogenous variables, various instruments for each
period will be used to produce efficient GMM coefficients. Given that
in model 10 the disturbances are not autocorrelated Arellano and
Bond (1991), for the two-step estimator, proposed the following
weighting matrix:
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M —1
H= (MIZZi'Ae[AefZi ) (11)
i=1

where Z; includes a group of strictly exogenous and predetermined
instruments. Arellano and Bover (1995) introduced the alternative
approach of transforming the residuals using orthogonal deviations,
where the optimal first-stage weighting matrix corresponds to the fol-
lowing weighting matrix:

H =[M1iZ,.’Z,. ) (12)

4. DATA AND ESTIMATION RESULTS

All data come from Eurostat databases and form a balanced annual
panel for 1970 to 2007 for 15 EU countries: Austria, Belgium,
Germany, Denmark, Greece, Spain, United Kingdom, Finland, France,
Ireland, Italy, Luxembourg, Netherlands, Portugal and Sweden. The
remaining 12 EU countries which joined in 2004 and 2007 were
excluded from the analysis because of incomplete data. It was neces-
sary to apply the various panel data techniques with the same data
set of EU member states in order to produce reliable results. The
choice of the entire period 1970-2007 was influenced by the fact that
the data set for general government is available on a comparable
basis for the 15 EU countries. The empirical analysis employs data on
total expenditure of general government (G), total revenue of general
government (T), the unemployment rate (U), and the interest rate (E).8
G is measured by the share of general government expenditures in
GDP. T denotes the ratio of general government revenues in GDP. U
and E are adopted in the empirical procedure as critical variables in
order to exploit the pattern of relation between G and T. Public expen-
ditures and revenues seem to be sensitive to U and E changes.

In Tables 1, 2 and 3, TSLS panel models are estimated, using
either G or T as the dependent variable. We split the entire period
1970-2007 into two subperiods 1970-1991 and 1992-2007, present-
ing the TSLS estimates for robustness tests. There are various rea-
sons for choosing the subperiod 1992-2007 to evaluate the four
hypotheses. After 1992, when the Maastricht Treaty was established,
the EU followed a path towards EMU. The Maastricht Treaty created
its own economic and political dynamics, inducing EU countries to
undertake efficient macroeconomic policies in order to participate
later on in EMU. Protocol 5 of the Maastricht Treaty formulates the
fiscal convergence criteria for an individual EU country to join EMU.
A general government debt-to-GDP ratio of not more than 60 per cent
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and a ratio of the general government deficit to GDP of not more than
3 per cent in each EU member state represent the so-called fiscal
convergence criteria.

Table 1. Panel TSLS results

variables Git Tit Git Tit Git Tit
Fixed effects
0.305 11.388 -0.904 5.817 2.262
Constant (2'1697 17) (0.089) (3.797) (0.239) (1.483) (0.588)
T 0.841 0.805 0.918
it (16.742) - (11.848) - (11.796) -
G 0.934 0.946 0.910
it - (13.108) - (11.397) - (12.003)
R? 0.841 0.820 0.830 0.794 0.854 0.837
F 74.0 63.5 68.2 53.6 81.7 715
obs 555 555 315 315 240 240

Random effects

Constant 9.349 1.171 10.770 0.884 5.803 2.845
(3.532) (0.344) (3.138) (2.263) (1.216) (3.692)
T 0.849 0.820 0.918
it (18.429) - (12.851) - (11.847) -
G 0.915 0.906 0.898
it - (14.528) - (12.899) - (13.085)
R2 0.782 0.780 0.759 0.761 0.827 0.825
F 197.8 195.3 97.5 99.7 113.8 1123
Hau 0.141 0.429 0.749 0.813 0.002 0.141
obs 555 555 315 315 240 240

Notes: The data consist of a balanced annual panel for 15 EU countries: Austria, Belgium,
Germany, Denmark, Greece, Spain, United Kingdom, Finland, France, Ireland, Italy, Luxembourg,
Netherlands, Portugal and Sweden. Absolute values of t-ratios are in parentheses. The instru-
ments in TSLS pooled estimates are lagged explanatory variables. R? is the within-R? for fixed
effects and overall- R? for random effects. The F tests check the joint statistical significance of the
fixed or random effects TSLS estimates. Hau is the Hausman statistic which evaluates the null
hypothesis that there is no misspecification in the random effects estimation. obs is the number
of observations.

To test the validity of the four hypotheses, we employ the TSLS
technique estimating fixed and random effects models. The common
part of the models includes a constant term. Applying TSLS we intro-
duce in the instrument list lags of G, T, U and E as well as the con-
stant term. The values of R?2 and F-statistics suggest the explanatory
power of the entire model. In both fixed and random effects estima-
tion procedures, we specify settings for White cross-section to allow
for general contemporaneous correlation between the country residu-
als. White cross-section permits for TSLS estimators to correct for
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both cross-section heteroskedasticity and contemporaneous correla-
tion. In the random effects specifications, we employ the Wansbeak-
Kapteyn (1989) method in order to calculate the estimates of random
component variances. The null hypothesis that the instruments are
uncorrelated with the error terms is tested by using the Hausman
(1978) test of overidentifying restrictions. The Hausman statistic fol-
lows asymptotically the Chi-square with k degrees of freedom equal to
the number of estimated coefficients.

Table 2. Panel TSLS results

variables Gh Th Git Th Gh Th
Fixed effects
Constant 5.718 3.616 6.331 3.834 3.653 3.718
(2.270) (1.181) (2.708) (0.954) (0.874) (2.022)
T 0.874 0.861 0.924
it (15.396) - (14.348) - (11.823) -
G 0.927 0.920 0.918
it - (15.250) - (12.017) - (13.905)
U 0.383 -0.456 0.480 -0.623 0.249 -0.243
i (2.577) (3.822) (2.939) (3.607) (1.481) (1.682)
R? 0.860 0.848 0.853 0.838 0.866 0.850
F 83.3 75.7 77.2 68.7 84.7 74.0
obs 555 555 315 315 240 240

Random effects

Constant 5.379 3.755 4.986 3.970 3.450 4.434
(2.233) (1.254) (2.365) (1.594) (2.725) (2.234)
T 0.878 0.883 0.924
it (16.765) - (16.288) - (11.868) -
G 0.923 0.915 0.907
it - (17.251) - (18.215) - (15.358)
U 0.413 -0.451 0.562 -0.607 0.271 -0.264
it (3.315) (4.212) (3.751) (4.023) (1.853) (2.135)
R? 0.811 0.815 0.830 0.821 0.842 0.839
F 118.2 121.1 66.5 71.6 63.1 61.9
Hau 0.165 0.051 1.619 0.001 0.924 0.159
obs 555 555 315 315 240 240

Note: see Table 1 for a detailed discussion of the various test statistics.

The TSLS fixed and random effects results reported in Tables
1, 2 and 3 indicate that there is an interplay between G and T in all
time periods. The variables G and T carry positive and highly signifi-
cant coefficients, implying the validity of the fiscal synchronisation
hypothesis. Introducing U and E as control variables, we find that in
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most regressions the explanatory variables G and T are statistically
significant at better than the 5 per cent level. Focusing on the robust-
ness of TSLS estimates, we observe that the estimates tend to remain
highly significant over the entire period 1970-2007 and the two sub-
periods 1970-1991 and 1992-2007. It is interesting to note that the
point estimates for all the time periods appear to be relatively close.
The goodness of fit as calculated by R2? and F-statistics is satisfacto-
ry in all specifications. In the random effects estimates, the Hau sta-
tistics indicate that the null hypothesis is not rejected, confirming
that there is no misspecification in the estimated models. The essen-
tial conclusion from panel data analysis of Tables 1, 2, and 3 is that
using either fixed or random effects in the estimation procedure,
TSLS results for 15 EU countries are broadly in line with the fiscal
synchronisation hypothesis.

Table 3: Panel TSLS results

variables Gy T Gy Ti Gy T
Fixed effects
Constant 4.468 7.227 6.903 8.582 0.086 5.643
(1.234) (1.649) (1.526) (2.445) (1.002) (2.391)
T. 0.901 0.862 0.972
it (15.097) - (11.257) - (13.200) -
G 0.888 0.868 0.918
it - (11.481) - (8.375) - (12.948)
E 0.306 -0.530 0.219 -0.523 0.547 -0.610
it (1.855) (3.562) (1.323) (2.927) (3.062) (4.620)
R? 0.831 0.836 0.822 0.809 0.870 0.863
F 67.1 75.8 60.4 59.7 91.4 98.9
obs 524 524 284 284 240 240

Random effects

Constant 2.740 8.268 4.308 10.733 -1.127 6.572
(1.897) (2.699) (2.101) (3.309) (2.269) (1.993)
T 0.925 0.900 0.980
it (17.429) - (13.293) - (15.016) -
G 0.864 0.840 0.910
it - (15.529) - (12.456) - (15.555)
B 0.374 -0.521 0.309 -0.593 0.667 -0.701
it (2.589) (5.353) (2.140) (4.724) (3.499) (4.540)
R’ 0.789 0.817 0.765 0.803 0.849 0.853
F 98.2 131.6 48.1 63.2 70.7 87.3
Hau 0.914 0.613 0.863 0.001 0.334 0.004
obs 524 524 284 284 240 240

Note: see Table 1 for a detailed discussion of the various test statistics.
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To evaluate the TSLS results presented in Tables 1, 2 and 3, we
continue by using the GMM estimator to test the validity of the four
hypotheses. The GMM method reflects an instrumental variables esti-
mation of dynamic panel model 10. Since our GMM model is dynam-
ic, we have to describe its basic characteristics. First, in the group of
regressors we include one lag of the dependent variable. Second, the
variables U and E are specified as explanatory variables because they
express overall economic activity and affect the behaviour of both G
and T. Third, orthogonal deviations are chosen as a transformation to
remove the cross section fixed effect. Period dummy variables are
included in the system and they are entered in first differences.
Fourth, lag lengths of the dependent and explanatory variables are
specified as predetermined instruments. Fifth, the weighting matrix
H, depicted by formula 11, is chosen in order to allow the GMM esti-
mates to be robust to possible serial correlation and heteroskedastic-
ity of unknown type in the error terms. The final characteristic of our
GMM estimation procedure is that the Arellano-Bond two-step esti-
mator is used to specify the GMM weighting and coefficient covari-
ance computation choices. In this case, the GMM estimator permits
for computing White period robust standard errors.

Having described the characteristics of the GMM methodology,
we discuss the various test statistics used in the empirical analysis.
We use the R? statistics to determine the explanatory power of the
entire estimated models. We perform an F test to check the null
hypothesis that the lagged independent variables are redundant. A J-
statistic is calculated to evaluate the validity of over-identifying
restrictions. The J-statistic is simply the Sargan statistic which is
distributed as a Xj,,, where IP is the instrument rank and k is the
number of estimated coefficients. To check if the error terms are seri-
ally correlated we use the AR test statistics. AR(1) and AR(2) are sta-
tistics for first-and second-order serial correlation.

Table 4 reports GMM results. Our GMM estimates are compat-
ible in terms of sign and statistical significance with the equivalent
estimates obtained by TSLS in Tables 1, 2 and 3. In case AG and AT
are used as explanatory variables, they have a positive and highly sig-
nificant sign indicating the acceptance of the fiscal synchronisation
hypothesis. The coefficients of AU and AE appear to be significant in
all time periods. Lag values of AG, AT, AU and AE are very reliable,
suggesting that the explanatory variables are highly significant. R2
statistics show that the estimated models have satisfactory goodness
of fit. The high F-statistic values imply the rejection of the null
hypothesis, suggesting that AG,.;, AT;,.,, AU,.; and AE, ; are not
redundant in the unrestricted GMM models. J-test statistics indicate
that the error terms and explanatory variables are independent, lead-
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Table 4. GMM estimates

variables

AGy AT, AGy AT, AGy AT,
-0.011 0.125 0.035 -0.025 -0.062 0.199
Constant; (0.177) (1.819) (0.362) (0.234) (2.124) (2.348)
AT, 0.697 0.703 0.569
it (7.183) - (6.399) - (3.040) -
AG. 0.254 0.332 0.575
it - (2.048) - (2.229) - (3.976)
0.861 0.542 0.968 0.708 0.974 -0.338
AU (2.723) (1.801) (5.849) (2.001) (2.884) (1.942)
AT -0.005 0.030 0.034 0.023 -0.197 0.050
it-1 (0.083) (0.703) (0.522) (0.407) (2.929) (1.093)
AG. 0.002 -0.004 -0.035 0.006 0.148 0.005
it-1 (0.012) (0.084) (0.662) (0.113) (1.596) (0.090)
AU, -0.194 -0.173 -0.172 -0.225 -0.437 0.108
(1.847) (1.827) (2.157) (1.863) (2.797) (1.410)
R2 0.669 0.405 0.769 0.532 0.489 0.555
F 16.8 15.9 17.7 22.4 315 27.1
J 0.017 0.016 0.036 0.022 0.060 0.037
AR(1) 1.146 3.999 1.684 1.123 0.791 0.778
AR(2) 1.163 4214 1.896 1.455 0.878 1.144
obs 566 566 325 325 234 234
) 0.006 0.149 0.192 0.030 -0.043 0.214
Constant - (0.089) (2.613) (1.649) (0.292) (1.949) (2.188)
0.944 0.827 0.864
ATy (5.211) - (8.024) - (3.367) -
AG. 0.305 0.541 0.723
it - (3.530) - (6.521) - (4.339)
E -0.383 0.358 -0.413 0.405 0.617 -0.475
AR, (1.122) (2.125) (1.571) (2.373) (4.374) (2.911)
AT, -0.058 -0.069 0.211 -0.077 0.035 -0.004
it-1 (0.875) (1.659) (2.581) (1.092) (0.400) (0.047)
AG. 0.127 0.089 -0.185 0.092 -0.005 0.005
it-1 (1.802) (2.601) (2.939) (1.636) (0.060) (0.069)
A, 0.464 -0.106 0.678 -0.304 0.288 -0.191
it- (5.433) (1.755) (5.024) (3.335) (3.633) (2.133)
R2 0.612 0.498 0.591 0.618 0.677 0.660
F 35.1 26.1 29.5 31.6 34.4 41.2
J 0.027 0.025 0.128 0.048 0.036 0.055
AR(1) 0.404 0.718 1.839 2.107 2.341 0.993
AR(2) 1.112 0.926 2.447 2214 1.877 1.514
obs 564 564 323 323 232 232

Notes: For the EU countries included in the data set, see Table 1. t-ratios are in parentheses. A is
the difference operator. Cross-section fixed effects are used by employing Arellano-Bond 2-step
estimation. The instruments in the Arellano-Bond dynamic panel GMM estimators are lags of
explanatory variables. R2 is the coefficient of multiple determinations. The F-test statistics check
the null hypothesis that the lagged explanatory variables are redundant. J is the Sargan statistic
of overidentifying restrictions of the instruments used in the estimation procedure. obs is the
number of observations. AR (1) and AR (2) are LM tests of first- and second-order serial correla-
tion following asymptotically the x2 distribution.
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ing to the conclusion that the instruments are exogenous and, thus,
appropriately chosen. The low values of AR(1) and AR(2) show that
the estimated GMM models pass the test for the absence of serial cor-
relation in the residuals. Overall, the results in favour of the fiscal
synchronisation theory do not change either using and as control
variables, or employing alternative time frames.

5. ROBUSTNESS CHECKS
In this Section, we provide alternative estimates to evaluate the
results in Section 4. The empirical analysis uses Pedroni's (1999,
2004) panel error correction modelling to infer Granger causality
relationships between government revenues and expenditures within
the framework of bivariate- and trivariate- models.?® Our econometric
methodology proceeds in three stages. First, we perform panel unit
root tests to ascertain the order of integration of the variables.
Second, conditional on finding that each variable under study is inte-
grated of order one, we check for panel cointegration using the tech-
nique proposed by Pedroni (1999, 2004). Third, conditional on find-
ing panel cointegration, we test for Granger causality between G and
T (model 1), between G, T and U (model 2) and between G,T and E
(model 3).

The Im, Pesaran and Shin (2003), or IPS, panel unit root is
used in our empirical procedure. Consider the following AR (1) model
for panel data:

Yit:aiYit—l-l-‘)(it’}/i +£it (13)

Y;, denotes a stochastic process for a panel of cross section countries;
i=1,...,N and each cross section contains t=1,...,T time series obser-
vations. The X; indicate the exogenous variables, ¢; are the autore-
gressive coefficients and the errors ¢, are supposed to be iid ~(0, 6,2).
If |o|<1, Y;is trend stationary and if |o,|=], Y; contains a unit root. The
IPS test assumes that ¢; vary freely across cross section countries,
allowing for different orders of autocorrelation. The IPS test employs

a null hypothesis of a unit root and starts by considering the follow-
ing Augmented Dickey-Fuller (ADF) formulation:

it—j

o , 14
AY, =pY,_ + Y bAY,_ +X,5+e, (14)
j=1

where p=a—1. The lag length for the difference terms, ,can vary across
cross-sectional individuals. The IPS test is based on the average ADF
statistics, calculated for each group in the panel, referred to as the t-
bar test procedure. Taking into account that the IPS test permits for
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individual unit root processes, the null and alternative hypotheses
are specified as follows:

. (15)
H,:p,=0 for all i

p,=0 for i=N;+1, N; +2,...,N
H, : { !

p, <0 fori=1,2,.,N

(16)

This specification of the alternative hypothesis permits the
coefficients p; to differ across cross-sectional units. Thus, the IPS

testing procedure allows for some of the individual variables to have
unit roots under the alternative hypothesis. In cases where the dis-
turbances in the dynamic panel are autocorrelated, the t-bar tests
require that both T and N should be sufficiently large. In models with

serially correlated errors, IPS proposed the W, -statistic, which is
asymptotically equivalent to the t-bar statistic. The W,,,-test seems

to perform very well even for relatively small samples.10

Table 5. IPS panel unit root tests

1970-2007 1970-1991 1992-2007
. First order First order First order
Variable Levels  difference  Levels difference Levels  difference
T 0.268 -7.318* -0.227 -3.980* -0.972 -3.384*
Gyt -0.919 -5.113* 1.346 -2.075%* -0.837 -3.204*
Uy -0.998 -6.365* 1.568 -2.505* 0.585 -4.240*
E; 0.079 -8.845* 0.282 3.317* 1.149 -5.207*

* ** indicates significance at the 1%, 5% levels respectively.

Notes: W,,,, test statistics are computed for the null hypothesis of a unit root. The critical
values of IPS tests are taken from Im, Perasan and Shin (2003). All the statistics are left-
tailed tests. The lag length for the IPS regressions is specified using the AIC (Akaike infor-
mation criterion). A s the difference operator.

Given that our panel data analysis aims at evaluating the
robustness of the results, we conduct IPS panel unit root tests for the
entire period 1970-2007 and the two subperiods 1970-1991 and
1992-2007. In Table 5, IPS is the W,,,-statistic, which takes explicit
account of the underlying ADF orders in calculating the mean and the
variance adjustment factors. All unit root tests were carried out
employing regressions with individual constants and trends at level
forms. For the first order differences only constant terms were includ-
ed in the regressions, since differencing usually removed the deter-
ministic terms. The lag length specification is determined using the
Akaike Information Criterion (AIC).1! It is clear from Table 5 that all

- 80 -



Economic Issues, Vol. 16, Part 1, 2011

the individual variables are found to be nonstationary. The null
hypothesis of a unit root cannot be rejected at either the 1 per cent
or the 5 per cent level of significance. Thus, all of the variables have
unit roots. Moreover, when IPS tests are conducted on first order dif-
ferences, the null hypothesis of nonstationarity is easily rejected,
suggesting that each of the variables T, G;;, U, and E; is I(1).

Once the existence of a panel unit root has been established,
the next step is to test whether a long-run equilibrium relationship
exists in the cases of the bivariate and trivariate models:

it ity

T,=a,+61+BG, +¢, (17)
T, =0, +6t+BG, +yU, +v, (18)
T,=0,+6t+BG, +QE +4, (19)

Here t=1,...,Tand i =1,...N, where T denotes the number of observations and
N refers to the number of individual countries in the panel. The bivariate and
trivariate models (7,G), (T,G,U) and (T,G,E), allow for cointegrating vectors
between EU countries. Table 6 presents Pedroni's panel cointegration estima-
tion results. Pedroni (1999, 2004) proposed a cointegration panel test based
on the Engle-Granger (1987) two-step cointegration procedure. Pedroni's coin-
tegration technique overcomes the problem of small samples, allows for het-
erogeneity in the intercepts and slopes of the cointegrating equation and per-
mits for trend coefficients across cross sections. Regarding equations 17, 18
and 19, the null hypothesis of no cointegration suggests that ¢;, v, and u; will
be I(1).

Pedroni (1999, 2004) constructs various statistics for testing the null
hypothesis. The panel cointegration test results are based on Pedroni's seven
test statistics presented in Table 6.12 All the tests are conducted by consider-
ing deterministic intercept and trend in the estimation procedure. In Panel A,
we present the results for the bivariate model (7,G), while Panels B and C
report the findings for the trivariate models (7,G,U) and (T,G,E). In all the mod-
els and examining the entire period 1970-2007, we find that six of the seven
test statistics reveal evidence for panel cointegration at the 5 per cent level. In
the time frame 1992-2007, the results show that five of the seven tests sug-
gest panel cointegration, leading to the main conclusion that both the bivari-
ate and the trivariate models are cointegrated. Regarding the sample 1970-
1991, in the case of model 17, only the group rho-statistic is not significant,
while the other six statistics imply the rejection of the null hypothesis.
Evaluating models 18 and 19 over 1970-1991, the results show that the null
of no cointegration is rejected. Overall, Pedroni’s panel cointegration tests sug-
gest that Tand G, T, Gand U, T, G and E follow a strong long-run equilibrium
relationship.
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Table 6. Panel cointegration tests

A. Model 17 1970-2007 1970-1991 1992-2007
Panel variance-stat 2 .826 (0.0024)* 2.553 (0.0053)* -0.742 (0.7710

)
Panel rho-stat -2.706  (0.0034)*  -2.158 (0.0155)* -1.847 (0.0342)*
Panel PP-stat -3.666  (0.0001)*  -4.614 (0.0000)* -2.348 (0.0094)
Panel ADF-stat -3.340  (0.0004)*  -6.099 (0.0000)* -2.794 (0.0026)*
Group rho-stat -1.396 (0.0813 -0.3110 (0.3779) 1.721 (0.9574)
Group PP-stat -3.338  (0.0004)*  -3.894 (0.0000)* -1.828 (0.0338)*
Group ADF-stat -3.321  (0.0004)*  -5.749 (0.0000)* -3.198 (0.0007)*
B. Model 18
Panel variance-stat 3.219 (0.0007)* 1.612 (0.0535) -0.2830 (0.6114)
Panel rho-stat -2.794  (0.0026)*  -2.245 (0.0104)* -1.978 (0.0164)*
Panel PP-stat -4.839 (0.000)*  -5.144 (0.0000)* -2.052 (0.0201)*
Panel ADF-stat -3.868  (0.0001)*  -6.168 (0.0000)* -4.250 (0.0000)
Group rho-stat -1.660 (0.0485 0.3441 (0.6346) 2.520 (0.9941)
Group PP-stat -4.856  (0.0000)*  -4.545 (0.0000)* -1.895 (0.0291)*
Group ADF-stat -4.042  (0.0000)*  -6.253 (0.0000)* -5.397 (0.0000)
C. Model 19
Panel variance-stat 2,713 (0.0033)* 2.003 (0.0226)* -1.041 (0.8510)
Panel rho-stat -2.439  (0.0074)*  -1.177 (0.1196) -1.824 (0.0281)*
Panel PP-stat -4.073 (0.000)*  -4.813 (0.0000)* -2.115 (0.0178)*
Panel ADF-stat -3.432  (0.0003)*  -5.986 (0.0000)* -2.553 (0.0053)*
Group rho-stat -0.937 (0.1743) 0.336 (0.6316) 3.052 (0.9989)
Group PP-stat -3.528  (0.0002)*  -4.532 (0.0000)* -2.878 (0.0023)*
Group ADF-stat -3.976  (0.0000)* -6.648 (0.0000)* -2.894 (0.019)*

Notes: * rejects the null of no cointegration at the 5% level. P-values are in parentheses. Statistics
are asymptotically distributed as normal. The variance ratio test is right-sided while the others
are left-sided. The trend assumption considers deterministic intercept and trend in the estimation
procedure. Lag length selection is based on AIC (Akaike information criterion) with a maximum
lag of 8.

Having established that a long-run equilibrium relationship exists
among (T,G), (T,G,U) and (T,G,E), the next stage of our empirical analysis is to
explore for panel Granger causality. Engle and Granger (1987) argue that if
two nonstationary variables are cointegrated, then a causal relation will exist
between them. Our methodology employs the Holtz-Eakin, Newey and Rosen
(1989) approach, which uses a panel-based VECM. This indicates the tradi-
tional panel VAR model is expanded with a one period lagged error correction
term, which is obtained from the cointegrated system. The panel Granger
causality tests will be based on the following bivariate model:

AT, =7y +27T11ikA];z-k +Zn12k AG, , + MEC,  +u, (20)
% %
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AG, = Ty + ZﬂzukAGiHc + ZEZZIcAZ'—;Jc + A‘ZiEit—l +u, (21)
k k

Introducing U and E as third variables, in the sense that U and E affect the
behaviour of both T and G, we receive the trivariate models of the following

type:

AT, =m,; + znllikAT;t#c + zﬂIZ‘kAqur + zﬂlzkAUHc + AEC,  +u, (22)
k k k

AGit =70, + ZﬂZUkAGit—k + ZEZZkA]i;—k + znﬂk A Ut x T ﬂziEC,-,,l +u, (23)
k k k
and

AT, = T+ Zﬂ:llikA];t—k + ZEIZkAGit—k + an AE  + MEC, | +u, (24)
k k k

AG, =7, + zﬂzlikAGn-k + ZEZZkAZ;—k + Zﬂzzk AE , + MLEC,  +u, (25)

Here, EC,, are the estimated residuals lagged one period. Thus, A;EC;; and
MyEC;, ; indicate the long-run equilibrium relationship, where the parameters
A;and A,; show the speed of adjustment. A is the first difference operator and
denotes the lag length specification. Panel Granger short-run causality tests
are conducted by checking, via a standard F-test, whether all the coefficients
of AT, or AG;, are statistically different from zero as a group. Long-run
Granger causality is examined by testing the significance of the A,; and A,;

coefficients, based on a t-test. Since the Granger causality tests appear to be
sensitive to the lag order selection, the lag lengths are specified using the AIC.
Table 7 presents the results on short-run and long-run causality for
the bivariate and trivariate models 20 to 25. For models (AT, AG), (AT, AG, AU)
and (AT, AG, AE), the key conclusion from our empirical analysis is that
between AT and AG there is strong bidirectional long-run Granger causality in
1970-2007 and 1992-2007 periods.!3 This result is consistent with the fiscal
synchronisation theory, leading to the inference that fiscal policy in the 15 EU
member countries, in the pre-Maastricht and post-Maastricht periods, sug-
gests that spending measures are conducted with revenues decisions. Efforts
to achieve low budget deficits should be accomplished by the joint determina-
tion of government revenues and expenditures. The right balance between rev-
enues and expenditures can be found by focusing fiscal rules on avoiding
budgetary instability and on ensuring long-term fiscal sustainability.
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Table 7. Panel Granger causality tests

1970-2007 1992-2007
Dependent s-run causality l-run causality s-run causality l-run causality
variable AG AT My Ao AG AT M Ao
Model (AT, AG)
AT 0.604 — -0.098* — 1.208 — -0.205* —
(0.612) (3.451) (0.308) (2.740)
AG L 2.824* -0.085* 1.131 . -0.262*
(0.060) (2.444) (0.325) (3.180)
Model (AT, AG, AU
AT 0.279 _ 0.134* 2.099** -0.266*
(0.756) (4.175) (0.101) (3.259)
AG _ 2.231*%  _ -0.037 _ 0.407 — -0.243**
(0.108) (0.947) (0.666) (2.392)
Model (AT, AG, AE)
AT 0.578 _ 0.060** __ 1.133 _ 0.247*  _
(0.561) (1.757) (0.342) (2.812)
AG . 1.058 . -0.125* 1.016 _ -0.180**
(0.377) (3.242) (0.364) (1.722)

* ** indicates significance at the 1%, 5% levels, respectively.

Notes: Asymptotic t-statistics are in brackets and p-values in parentheses. The null hypothesis of
no short-run Granger causality is tested using the Wald F-statistics. The evaluation of the long-
run Granger causality is based on the significance of t-statistics.

6. CONCLUSIONS
This paper has attempted to contribute to the spend-tax debate by testing the
four hypotheses in this field with EU panel data. To the best of our knowledge,
no empirical study has tackled the issue of the causal relationship between
general government revenues and expenditures in the EU by adopting the
framework of panel data modelling. Almost all empirical papers have used
VAR techniques based on cointegration, an ECM strategy and Granger causal-
ity tests. Our aim was to set up alternative panel models with G and T as well
as a limited number of key macroeconomic variables, which affect the behav-
iour of both public revenues and expenditures, seeking to test the validity of
the four hypotheses. TSLS results, based on a procedure which includes either
fixed or random effects for EU member states, are broadly in line with the fis-
cal synchronisation hypothesis. Estimates appear to be robust in the entire
period 1970-2007 and in the two subperiods 1970-1991 and 1992-2007.

In order to improve the TSLS estimation, we apply the GMM technique.
The relationship between G and T is investigated using cross-section fixed
effects and employing Arellano-Bond 2-step estimation. GMM estimates are

-84 -



Economic Issues, Vol. 16, Part 1, 2011

obtained by introducing either AU or AE in the group of explanatory variables.
Our GMM estimates are consistent in terms of sign and statistical significance
with the TSLS findings reported in Tables 1, 2 and 3. Note that estimated mod-
els pass both the Sargan test and the test for the absence of AR (1) and AR (2)
in the residuals. A comparison of the point estimates in the 1970-1991 and
1992-2007 subperiods shows that the coefficients for AG and AT are positive
and significant, indicating acceptance of the fiscal synchronisation theory. In
order to reinforce the evidence provided by TSLS and GMM techniques, we
examine the direction of causation between AG and AT. Panel Granger tests
suggest that in all time periods there is a powerful two-way long-run Granger
causality between AG and AT.

It is well known that a considerable number of EU countries face prob-
lems with large budget deficits. One of the fundamental requirements of
macroeconomic stability is that government deficit and debt should be under
control. This requirement is of heightened importance in the EU, because the
Maastricht Treaty defines ‘excessive deficits’ in order for an EU country to par-
ticipate in EMU: deficits that exceed 3 per cent of GDP or general government
debt above 60 per cent of GDP. The target of fiscal discipline must be rooted
in realistic short-and long-term changes of tax receipts and government
expenditures. In this way, the validity of the fiscal synchronisation hypothe-
sis, in the case of the EU, suggests that for countries with high debt-to-GDP
ratios, government decision-makers should plan fiscal policy having in mind
the links between public spending and revenue in order to reduce deficits.

Accepted for publication: 1 July 2010

ENDNOTES

1. Associate Professor in Economics, The Athens University of Economics and
Business, 76 Patission Street, Athens 104 34, Greece. Email: gvamv(@ aueb.gr I wish
to thank an anonymous referee of this journal for useful comments. All remaining
errors and deficiencies are the responsibility of the author.

2. For a detailed and critical survey of the relevant literature on the spend-tax debate
see Vamvoukas (1997) and Payne (2003).

3. In the context of the SGP, eurozone countries that have a deficit above 3 per cent of
GDP are obliged to correct it in accordance with the recommendations of articles
104(6), 104(7) and 104(12) of the Maastricht Treaty. With respect to the year in which
the excessive deficits occurred, EMU member states have up to two years to decrease
the deficit below 3 per cent of GDP. However, under special circumstances such as the
current international financial crisis, EMU countries with excessive deficit positions
may need more than two years to address budgetary imbalances.

4. The spend-tax hypothesis is also known as the ‘displacement effect’ because the
impact of structural breaks displaces the growth pattern of public outlays.
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5. Supply-side economics originated in the United States in 1970s as a reaction to gov-
ernment economic policies proposed by Keynesians. The main propositions of supply-
side economics come from the writings of the Classical and Neoclassical Schools. For
a lucid and critical analysis of supply-side economics, see Hailstones (1982).

6. Payne (2003) mentions fifty-three empirical studies on the spend-tax controversy
which explore the four hypotheses using VAR analysis and Granger causality tests.

7. Baltagi (2005) provides a comprehensive discussion on this point.

8. For an extended discussion on the specific definitions of the variables G, T, U and E
used in our econometric analysis, see Statistical Annex of European Economy, Autumn
2008.

9. I would like to thank the referee’s constructive suggestions for raising the issue to
employ Pedroni’s (1999, 2004) panel error correction framework to check the causal
links between public revenues and outlays.

10. For a detailed analysis on the computation of t-bar and W,,,, statistics, see Im,
Pesaran, and Shin (2003).

11. For an extended discussion on AIC, see Akaike (1987).

12. See Pedroni’s original papers for more details on the construction of these test sta-
tistics.

13. To conserve space we do not present Granger test results over 1970-1991. Note
that between 1970 and 1991 the findings are in line with the fiscal synchronisation
hypothesis, suggesting mainly two-way long-run Granger causality between tax
receipts and public outlays (the results are available upon request).
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