Chapter 18

The Causal Relationship Between Government
Spending and Revenue: An Empirical Study
from Greece

Chaido Dritsaki

Abstract This paper examines the relationship between government spending and
revenues in Greece for the 1980-2015 period, using cointegration autoregressive
distributed lag test (ARDL test) as well as causality test developed by Toda
and Yamamoto. The results of cointegration of ARDL test showed that there
is a cointegrated relationship between government spending and revenues. Also,
causality test showed that there is a unidirectional causal relationship between
spending and revenues in Greece with direction from government spending toward
revenues.
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JEL Classification C50, E23, ]24

18.1 Introduction

The relationship between government spending and revenues is one of the ordinary
problems on public economics. There are four aspects about the relationship of
government spending and revenues. The first one refers that government spending
must be expanded according to revenues. Thus, spending should follow revenues.
This means that if revenues (taxes) increase, in that case, government can increase
spending. So revenues are a remedy for minimizing public deficits. This view is
supported by Friedman (1972, 1978) and Blackley (1986) who show that there is
positive causal relationship between revenues and spending.
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The second view is supported by Peacock and Wiseman (1961) claiming that
increases on government spending generate increases on revenues. They also claim
that a large exogenous shock (unstable political situations) will cause increases on
government spending thus increases on tax revenues.

The third view is that government can change spending and revenues (taxes) at
the same time. This view is supported by Musgrave (1966) and is referred as fiscal
synchronization hypothesis which entails that there is a bilateral causality between
spending and revenues. Furthermore, Barro (1979) suggested a tax-smoothing
model for the hypothesis of tax synchronization.

Finally, the view of Baghestani and McNown (1994) refers that government
spending and revenues is determined by long-run economic growth so a causal
relationship of revenues and spending is not expected.

The rest of this paper is organized as follows. Section 18.2 is a brief overview of
the empirical literature. Section 18.3 describes data and methodology. Section 18.4
presents the empirical results. Finally, Sect. 18.5 gives concluding remarks.

18.2 Literature Review

Even if during the last decades many papers have been published in various
countries, the direction of causal relationship between government spending and
revenues has not yet been found. Many papers refer on the four aspects mentioned in
the previous section. The use of different econometric methods and different periods
ended up on different contradictory results. The results also differ as far as the
direction of causality is concerned having an effect on the economic policymaking
of each government both in long- and short-run level.

For developing countries there have been many studies which examined the
relationship between government spending and revenues. Shah and Baffes (1994)
on their paper for three Latin American countries (Argentina, Mexico, and Brazil)
found a bilateral causal relationship between government spending and revenues for
Argentina and Mexico, whereas for Brazil this relationship was unidirectional with
a direction from revenues to spending.

Owoye (1995) investigated the causal relationship between revenues and spend-
ing for G7 countries. He found a bilateral causality for five out of seven countries,
and for Japan and Italy he found a unilateral causal relationship with direction from
revenues to spending.

Park (1998) examined causal relationship between government revenues and
spending for Korea for the 1964—1992 period. The results showed a unilateral causal
relationship from revenues to spending.

Al-Qudair (2005) examined the long-run relationship between public spending
and revenues for the Kingdom of Saudi Arabia using Johansen cointegration tech-
nique and error correction model for causality testing. Cointegration results showed
the existence of long-run relationship between public spending and revenues.
Causality testing demonstrates the existence of bilateral causal relationship between
government spending and revenues in long- and short-run basis.
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Emelogu and Uche (2010) studied the relationship between government spending
and revenues in Nigeria using data from 1970 to 2007. Using cointegration
techniques such as Engel-Granger two-step method and Johansen procedure, they
found a long-run relationship among variables. Afterward, causality test using
error correction model showed a one-way causal relationship with a direction from
revenues to spending.

The empirical paper of Ali and Shah (2012) in the case of Pakistan for the
1976-2009 period showed that there is no causal relationship between revenues and
spending both in long- and short-run level.

Saysombath and Kyophilavong (2013) investigated the relationship between
spending and revenues for Lao People’s Democratic Republic during the 1980 until
2010 period. Applying ARDL cointegration procedure in combination with Granger
causality, they found a long-run causal relationship between spending and revenues
with direction from spending to revenues.

Finally, Nwosu and Okafor (2014) examined the relationship between revenues
and spending and divide each one in two groups. Revenues are divided in revenues
on oil and non-oil, whereas spending is divided in current and capital. This paper
employs data for the 1970-2011 period and Johansen cointegration technique and
error correction mechanism. The results of this paper showed that total spending
(current and capital) have a long-run and one-way causality relationship with total
revenues (oil and non-oil) with a direction from total spending to total revenues.

18.3 Data and Methodology

On Fig. 18.1, total revenues and government spending are presented as percent of
GDP for Greece for the 1980-2015 period. On this diagram we have to point out
that government spending all through the examined period is larger than revenues
(Fig. 18.1).
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Fig. 18.1 The government spending and government revenues as percent of GDP between 1980
and 2015
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18.3.1 Data

The study uses annual time series data and covers the 1980-2015 period. The
government spending and government revenues are presented as percent of GDP.
Data were obtained from the International Financial Statistics (IFS). All the data
used in the study are in logarithmic form. This data transformation occurred in
order to reduce the heteroscedasticity problem (see Gujarati 2004). The link between
government spending and revenue is specified as follows:

GS; = ap + @1GR, + ¢ (18.1)
and
GR, = Bo + B1GS, + & (18.2)
where the GS, and the GR, denote government spending and revenue, respectively.
The e, and ¢, are error terms. We expect that «; and 81 > 0.
Logarithmic transformation of the above equations would leave the basic equa-
tions as follows:
LGS, = yo + y1LGR; + u, (18.3)
and

LGR, = 8y + §;LGS, + v, (18.4)

where L = natural logarithms.

18.3.2 Order of Integration

In this section we test the order of integration of time series. For this test, we use
augmented Dickey—Fuller (ADF) test (1979, 1981) and Phillips—Perron (PP) (1988).
The results on the test give the opportunity to determine the most suitable test of
series cointegration or in other words, the long-run relationship between them.

18.3.3 Cointegration Tests

In this paper, we adopt the autoregressive distributed lag (ARDL) test as it was
formed by the papers of Pesaran and Shin (1995) and Pesaran et al. (2001). This test
in relation to other cointegration tests has some advantages such as the following:
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* It can be used also in series that are not integrated in the same order.

It has more power when the sample size is small.

It allows the series to have different lags.

e It determines a dynamic model of unrestricted error within a linear transforma-
tion.

The equations for the ARDL approach are the following:

14 q
ALGS, = by + ) _biALGS,; + Y by ALGR,; + ¢1LGS,—1 + ¢:LGR, 1 + 1,
i=1 =0
(18.5)

P q
ALGR, = ho+ Y hiALGR,; + Y hp;ALGS,; + mLGR; + mLGS, | + v,
i=1 j=0
(18.6)
where p and g are the lag order of variables ALGS,_; and ALGR,_; , respectively.
We continue with the bounds test on Eqs. (18.5) and (18.6). This test uses F
distribution and the null hypothesis of no cointegration of series is the following:

Hy: ¢ = ¢, =0and Hy : m; = m, = 0 (no cointegration of series)
against the alternative hypothesis of series cointegration
H):¢1 # ¢ #0and H, : m; # mp # 0 (series cointegration)

If the bounds test will lead us to series cointegration, we can continue with the
estimation of the long-run relationship of series from Egs. (18.7) and (18.8), as well
as the restricted error correction model from Egs. (18.9) and (18.10).

LGS, = yo + y1LGR, + u; (18.7)

LGR, = &) + §;LGS, + v, (18.8)

p q
ALGS, = co+ Y ¢;ALGS,; + Y d;ALGR,; + D121 + 1, (18.9)

i=1 =0

P q
ALGR, = go+ » fiALGR,; + Y KALGS,; + %A1 + v, (18.10)
i=1 j=0

where p and q are the lag order of variables ALGS,_; and ALGR,_; of Eq. (18.9)
and ALGR,_; and ALGS;,_; of Eq. (18.10), respectively. The terms z, and A, are the
error terms which are created by the cointegrating regressions of Eqgs. (18.7) and
(18.8).
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18.3.4 Causality Analysis

On this section we examine the causal relationship between government spending
and revenues using a seemingly unrelated regression model. Toda and Yamamoto
(1995), in order to investigate causality, developed a method based on the estimation
of an adjusted VAR model (k + dmax), Where k is the optimal time lag on the first
VAR model and dp,x is the largest integration order on the variables of the VAR
model. VAR model of Toda and Yamamoto causality is shaped as follows:

k dmax k dmax
LGS = po + [ Do eanlGS—i+ D axlGSi— | + | D BILGR—i+ D BalGR— | + e
i=1 i=k+1 i=1 i=k+1

(18.11)

k dmax k dmax
LGR, = ¢ + | D yuLGR—i+ Y yuLGR—; | + | D 6uLGS—i+ Y 8yLGS—; | +ex
i=1 i=k+1 i=1 i=k+1

(18.12)

where k is the optimal time lag of the first VAR model, and d,.x is the largest
integration order on the variables of the VAR model. The null hypothesis of no
causality is defined for every equation on VAR model. For example, LGR; variable
causes LGS, variable (LGR, = LGS,) when ;; # 0, Vi. Toda and Yamamoto
test for no Granger causality can be done for every integration order of variables,
either they are cointegrated or not, given that the reverse roots of autoregressive
polynomial should be inside of the unit circle. Thus, the Toda and Yamamoto
causality test will be valid.

18.4 Empirical Results

18.4.1 Order of Integration

The results on Table 18.1 show that series exhibit different integration order. The
government spending series is in the null order 1(0) in 10 % level of significance,
whereas the government revenues series is integrated in the first order I(1). Thus,
for the long-run relationship of the series, the most suitable is that of Pesaran et al.
(2001), the autoregressive distributed lag (ARDL) methodology.

18.4.2 ARDL Bounds Testing Approach

From Eqgs. (18.5) and (18.6) of unrestricted error model, we can find the maximum
values of p and q lags using the final prediction error (FPE), Akaike information
criterion (AIC), Schwarz information criterion (SIC), Hannan—Quinn information
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Table 18.1 Unit root tests

ADF
Variable | C
LGS —2.761(0)***
ALGS —7.554(0)*
LGR —1.047(0)
ALGR | —5.608(0)*

261

PP
C,T C C,T
—3.48(0)*** | —2.767[0]*** | —3.49[0]***
—7.752(0)* | —7.585[1]* —7.881[3]*
—1.903(0) —1.054[1] —1.996[1]
—5.589(0)* | —5.613[1]* —5.593[1]*

1. *, ** and *** show significance at 1, 5, and 10 % levels, respectively
2. The numbers within parentheses followed by ADF statistics represent the
lag length of the dependent variable used to obtain white noise residuals
3. The lag lengths for ADF equation were selected using Schwarz information

criterion (SIC)

4. Mackinnon (1996) critical value for rejection of hypothesis of unit root

applied

5. The numbers within brackets followed by PP statistics represent the
bandwidth selected based on Newey and West (1994) method using Bartlett

Kernel

6. C = constant, T = trend, A = first differences, L = natural logarithms

Table 18.2 VAR lag order selection criteria

Lag [LogL |LR
Equation (18.5)

0 54.294 | NA

1 54.254 | 0.0683*
2 54.305 |0.0172
3 54.319 |0.0219
4 54.827 |0.0537
Equation (18.6)

0 55.839 | NA

1 55.426 |0.6921*
2 55.855 |0.0270
3 55.864 | 0.0128
4 56.628 | 0.1337

FPE

0.0024
0.0022%
0.0026
0.0027
0.0028

0.0022
0.0021*
0.0023
0.0025
0.0025

4Denotes the optimal lag selection

AIC

—3.1803
—3.2421*
—3.1164
—3.0528
—3.0211

—3.2799
—3.3178¢%
—3.2165
—3.1525
—3.1373

SBC HQC

—2.9490 | —3.1049
—3.0571* | —3.1818*
—2.8389 | —3.0260
—2.7290 | —2.9473
—2.6510 | —2.9005
—3.0486 | —3.2045
—3.1328% | —3.2575%
—2.9389 | —3.1260
—2.8287 | —3.0469
—2.7672 | —3.0166

criterion (HQC), and likelihood ratio (LR) criteria. The results of these criteria are

presented in Table 18.2.

The results on Table 18.2 show that in all criteria, the maximum number of lags
for the series on both equations is 1. The order of optimal lag length on Eqgs. (18.5)
and (18.6) is chosen from the minimum value of AIC, SBC, and HQC criteria. On
Table 18.3 we present the results of these criteria.

The results on Table 18.3 show that ARDL (p, g) model with p=1 and ¢g=0
lags is the best for both equations. Continuing on Table 18.4, we employ the error
independence test (LM test) until the first order (maximum number of lags).
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Table 18.3 Order of optimal

lags ARDL (p, q)

Table 18.4 Error

independence test (LM test)

Inverse Roots of AR Characteristic Polynomial

equation (5)

ARDL (p, ¢)
Equation (18.5)
w=14¢=0)
p=1q=1)
Equation (18.6)
p=1,4¢=0)
p=1q=1)

AIC

—3.189
—2.733

—3.199
—2.743

SBC

—2.965
—2.308

—2.974
—2.519

C. Dritsaki

HQC

—3.113
—2.656

—3.122
—2.667

“Denotes the optimal lag selection, statistics in
bold denote the value of the minimized AIC,
SBC, and HQC

Equation (18.5)
F stat =1.384 | Prob. F(1,28) =0.249
N*R*=1.602 | Prob. X>(1) =0.2056
Equation (18.6)
F stat =2.453 | Prob. F(1,28) =0.142
N*R?*=2.672 | Prob. X>(1)=0.121

N = observations

equation (6)

Inverse Roots of AR Characteristic Polynomial

1.5 1.5

1.04 1.0

0.54 0.5

0.0 0.0

-0.5 -0.54

-1.0 1.0

15 : : | : ‘ 1.5 ; : : : :
-5 -10 -05 00 05 10 15 15 -1.0 -05 00 05 1.0

Fig. 18.2 Dynamic stability of models

The results on the table present that errors are not autocorrelated. We continue
with the dynamic stability test of ARDL(1,0) model for both equations. This test is
employed with unit cycle. If reverse roots of Eqgs. (18.5) and (18.6) are inside the
unit cycle, then the models are dynamically stable (Fig. 18.2).

The results of Diagram 2 show that there is a dynamic stability of models on
both equations. It is advisable before we continue with bounds test to present the
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equation (5) equation (6)
3 3
L2 2
1 1
0 0

v R AU/\VA A M
> AUMA VA W N
-.05 | \/\/\/ v \/ -10

-10 -15
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015
— Residual — Residual
— Actual __Actual
— Fitted —_Fitted
Fig. 18.3 Actual and fitted residuals of models
Table 18.5 Bounds test Test statistic | Value |df Probability

(Wald test) .
Equation (18.5)

F statistic 4.860* | (2,29) | 0.086
Chi-square | 5.321 | (2) 0.069
Equation (18.6)

F statistic 2.158 | (2,29) | 0.137
Chi-square | 4.316 | (2) 0.1155
Table CI (iii) page 300 of Pesaran et al. 2001
gives lower and upper bounds for 10 %, 5 %,
and 1 % level of significance [4.04, 4.78], [4.94,
5.73], and [6.84, 7.84], respectively. *, **, and
**% show significance at 1, 5, and 10 % levels,
respectively

actual and fitted residuals from both equations using ARDL(1,0) and autoregressive
unrestricted error correction model (Fig. 18.3).

We continue by conducting cointegration test of bounds autoregressive dis-
tributed lag. In other words, we test if ¢; and ¢, as well as 7| and 7, coefficients
are null on our estimated models (Table 18.5).

The results on the table show that F-statistic value is larger only on Eq. (18.5)
from the upper bound on Pesaran et al.’s tables (2001) for 10 % level of significance
and (k+ 1) =2 variables. Thus, we say that there is a cointegrating relationship
between the examined series only on Eq. (18.5) for 10 % level of significance.
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Table _18'6 Estimation (?f Dependent variable = ALGS;
unrestricted error correction ;
model Short-run analysis
Variables Coefficient | T statistic
Constant 0.488%#** 2.330
ALGS,—; —0.164%** | —2.206
ALGR, 0.603%** 4.102
LGS,—; —0.237**% | —1.826
LGR,—; 0.114%%* 2.139
R? 0.486
F stat 3.881
D-w 1.726
Diagnostic test | X? Probability
Normality 2.722 (2) 0.256
Serial corr. 1.602(1) 0.205
ARCH 0.775(1) 0.378

wx% k% and * show significance at 1, 5, and
10 % levels, respectively. A denotes the first
difference operator, X?> normal is for normal-
ity test, X2 serial for LM serial correlation
test, X> ARCH for autoregressive conditional
heteroskedasticity, and (-) is the order of diag-
nostic tests

On the following table, the results from the estimation of unrestricted error
correction model are presented (Eq. 18.5).

The results on Table 18.6 show that both statistic and diagnostic tests are quite
satisfying. Before continuing on the next step, we get the long-run results from the
unrestricted error correction model Eq. (18.5).

(LGR) ( 0.114 )

| =)=~ = 0.481

LGS —0.237

So, we can stress that an increase of government revenues by 1 % will cause an
increase on government spending by 0.48 % approximately.

We proceed to estimate the long- and short-run relationship of the series on Egs.
(18.7) and (18.9).

The results on Table 18.7 show that both statistic and diagnostic test are quite
satisfying. The restricted dynamic error correction model, derived by ARDL bounds
test through a simple linear transformation, incorporates the short-run dynamic with
long-run equilibrium. The negative and statistical significant estimation of coeffi-
cients on error correction terms z,—; on Eq. (18.9) shows a long-run relationship
between the examined variables.

On the following diagrams (3) and (4), we examine the dynamic stability of
restricted error correction model with Brown et al. (1975) tests (Figs. 18.4 and 18.5).
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Table 18.7 Estimation of the Dependent variable = LGS;
long- and short-run

relationship Long-run analysis

Variables Coefficient T statistic
Constant 1.181%%* 5.973
LGR, 0.7227%%% 12.90

R? 0.830

F stat 166.5

D-W 0.560

Diagnostic test | X> Probability
Normality 0.808 (2) 0.667
Serial corr. 1.987(1) 0.231
ARCH 0.300(1) 0.583

Dependent variable = ALGS,
Short-run analysis

Variables Coefficient T statistic
Constant 0.020421* 1.839922
ALGS,—; —0.168359* —1.849982
ALGR,—; 0.058175%* 2.282945
Z— —0.105358*** | —2.627097
R? 0.071897

F stat 0.774666

D-W 1.994039

Diagnostic test | X> Probability
Normality 2.534(2) 0.452
Serial corr. 0.007(1) 0.978
ARCH 0.154(1) 0.694

*#% *% and * show significance at 1, 5, and 10 %
levels, respectively. A denotes the first difference
operator, X> normal is for normality test, X>
serial for LM serial correlation test, X> ARCH
for autoregressive conditional heteroskedasticity,
and X? white for white heteroskedasticity. (-) is
the order of diagnostic tests

From the diagrams we can see that there is a dynamic stability on model’s
coefficients that we examine.

18.4.3 Toda—Yamamoto Causality Test

Table 18.8 presents the results on causality test of Toda and Yamamoto according to
Egs. (18.11) and (18.12).
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Fig. 18.4 Plot of cumulative sum of recursive residuals
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Fig. 18.5 Plot of cumulative sum of squares of recursive residuals

Table 18.8 Toda and Yamamoto no-causality test

Excluded ‘ Lag(k) ‘ Lag(k + dmax) ‘ Chi-square ‘ Prob. ‘ Direction of causality
Dependent variable: LGS

LGR |1 1+1 10.031 10.984 | LGR#LGS
Dependent variable: LGR
LGS |1 1+1 4.175 10077 | LGS = LGR

The (k+ dmax) denotes VAR order. The lag length selection was based on LR
sequential modified LR test statistic (each test at 5 % level), FPE final prediction error,
AIC Akaike information criterion, SC Schwarz information criterion, HQC Hannan-
Quinn information criterion. ***, ** ‘and * denotes 1, 5, and 10 % significance level,
respectively. = denotes one-way causality, # denotes no causality. EViews 9.0 was
used for all computations

The results on the test show that there is a unidirectional causal relationship
between spending and revenues for Greece with direction from government spend-
ing to revenues.
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18.5 Summary and Conclusions

In this paper we examine the relationship between government spending and
revenues in Greece, using Pesaran et al. (2001) cointegration given that data had
different integration order. Afterward, we test the direction of causality among the
examined variables using the Toda and Yamamoto methodology.

The results of this paper show that there is a long-run relationship between gov-
ernment revenues and spending, while the results of causality show a unidirectional
causal relationship with direction from government spending to revenues. This
result points out that the increase of government spending, without the respective
increase of revenues, will expand budget’s deficit. Thus, government will have only
one choice and that is borrowing, leading to more debt. Therefore, to stop this policy,
the government should:

* Reduce the size of large consecutive spending and turn to investment spending.

* Reduce function’s cost.

* Differentiate its economic policy and try to find out other revenue sources
(apart from taxes) in a way that will repair the difference between revenues and
spending thus reducing budget’s deficit.

* Finally, taxes play an important role in the economy. Taxes on various sectors
should be reformed in such a way that economy will start with new investment
which will bring more revenues.
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