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On the relation between government
expenditure and revenue in South Africa: An
empirical investigation in a nonlinear framework

Kazeem Abimbola Sanusi®*

Abstract: The study explores the nonlinear linkage between government expendi-
ture and government revenue using quarterly data from the first quarter of 1965 to
the second quarter of 2019. Linear models are first deployed to determine the order
of integration of the variables, cointegration, granger causality and variance
decomposition within the SVAR model. Nonlinear techniques are employed to spot
the asymmetric relation of the univariate and the expenditure and revenue linkage.
Asymmetric adjustments are carried out to unknot the dynamic mechanism based
on the threshold vector autoregressive model (TVAR) and threshold vector error-
correction model (TVECM). Finally, the Markov Switching model is employed to
determine the tendency of the variables to remain in a particular region and their
transition probabilities. The empirical findings suggest the presence of nonlinear but
one-way causal relation between government expenditure and revenue. The results
show that adjustment mechanism of government expenditure towards the equili-
brium is more persistent than government revenue when the threshold level is
attained.
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Understanding of the fiscal system as it relates to
the behaviour of revenue and expenditure over
time is very critical for sustaining efficient and
effective budgetary procedures as well as attain-
ing long-term growth and development. The cur-
rent study sheds light on the nexus between
government expenditure and revenue in South
African economy in the light of the current
mounting expenditure. The findings from the
study provide imperative evidence on how gov-
ernment should manage the period of booming
revenue. The revenue during the period of boom
should be effectively utilized because it has the
tendency to induce government expenditure, and
because there is lower tendency that the revenue
will remain in the booming state. The surge in the
revenue should be adequately channeled to pro-
ductive use and development projects.
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1. Introduction

The empirical research on government revenue and expenditure linkage is longstanding.
Substantial empirical efforts have been devoted and as such led to hot contentions on the
relevance of deficit financing. The use of fiscal policy has come under serious questioning, possibly
because of its failure in mitigating the negative consequences of the 2008-2009 financial crisis.
Meanwhile, understanding the nexus between revenue and expenditure of government is germane
for formulation of a sustainable fiscal policy (Brady & Magazzino, 2019; Karlsson, 2019). Existing
studies on government revenue and expenditure have mainly explored the causal relationships,
with underlying belief that causal relationships have important implications for sustainability of
the budget deficit.

These relationships have been classified under four different hypotheses. The hypotheses are
tax-spend notion, spend-tax postulation, fiscal harmonization and institutional separation. The
tax-spend proposition was articulated by Friedman (1978) who was of the opinion that raising
taxes will improbably reduce budget deficit because it will increase spending by the govern-
ment. As a result, Friedman (1978) maintained that only reduction in government expenditure
will decrease budget deficits. Hence, causality runs from revenue to expenditure. Peacock and
Wiseman (1979) advanced the spend-and-tax hypothesis. They argued that a temporary
increase in government expenditures, intended to lessen the effects of recessions, leads to
a permanent increase in taxes. Consequently, causality runs from expenditure to revenue.
Barro (1979) supported this position. The fiscal synchronization hypothesis asserts that revenue
and expenditure decisions of government are jointly made which suggests bidirectional caus-
ality between government revenue and expenditure. In other words, there is a feedback
mechanism between government expenditure and revenue. The last hypothesis is fiscal neu-
trality otherwise called institutional separation hypothesis. This hypothesis maintains that
different institutions make decisions on government taxes and expenditures and that indepen-
dently (Baghestani & McNown, 1994; Karlsson, 2019; Wildavsky & Caiden, 1988). This suggests
the absence of causal linkage between government revenue and expenditure. However, diver-
gence among different parties responsible for budgetary formulation has been identified as the
reason for fiscal neutrality (Wolde-Rufael, 2008). These four strands of hypothesis on the
analysis of government expenditure and government revenue justified why existing studies
have mainly focused on the causal relationships. However, earlier empirical attempts on this
subject matter focused on developed economies and findings remain mostly inconclusive and
unsettled (Owoye, 1995; Wolde-Rufael, 2008; Afonso & Rault, 2009; Nyamongo et al., 2007;
Athanasenas et al., 2014; Karlsson, 2019). Existing studies in the literature have been mainly
carried out within a linear framework using Johannsen cointegration technique and granger
causality within the traditional VAR system, albeit the real world is not linear. Hence, the
empirical time series are unlikely to be linear. This perhaps accounts for divergent empirical
submissions in the literature. The present study aims at contributing to the literature by
investigating expenditure-revenue nexus in nonlinear framework. Empirical studies on this
subject matter in South African economy is quite scanty. The only known study to us on the
expenditure-revenue nexus in South Africa is Nyamongo et al. (2007) which employed tradi-
tional Johannessen technique. The current study in addition analyses the dynamic linkage
between revenue and government expenditure in nonlinear framework. Since the findings of
the linear granger causality test support the hypothesis of fiscal neutrality as causal relation-
ships could not be established among the two variables despite the cointegration relations
between the variables, we then carried out Threshold Vector Autoregressive (TVAR) model and
Threshold Vector Error Correction (TVEC) model, after establishing the nonlinearity in the
structure of government expenditure and government revenue in South African economy. The
balance of the paper is designed as follows. Section 2 highlights the empirical review on the
subject matter, and the brief stylized fact on the behavior of government expenditure and
government revenue in South African economy is also presented. Section 3 presents the
materials and methods employed in the paper. Empirical results followed in Section 4.
Concluding notes are detailed in section 5.
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2. Empirical review and some stylized facts

This section of the study is divided into two subsections. The first subsection of the study
synthesizes the existing empirical efforts on the relationship between government expenditure
and revenue. The second subsection presents some stylized facts on the behavior of government
expenditure and government revenue in South African economy which motivated the study.

2.1. Empirical review

Several empirical attempts have been made on the relationship between government revenue and
expenditure for different countries with varying econometric approaches adopted; and conse-
quently, producing different or differing empirical results. Studies on the nexus between govern-
ment revenue and expenditure have principally and majorly attracted empirical attentions from
developed economies. Owoye (1995) examined the causal link between government revenue and
expenditure in G7 countries by means of cointegration and ECMs. Owoye (1995) employed time
series data from 1960 to 1990 and concluded that there exists a bidirectional causality in G7
countries except for Japan and Italy. Similarly, Afonso and Rault (2009) explored causal link
between government spending and revenue in European Union countries between 1960 and
2006. Empirical findings showed varying conclusions for selected EU countries. Evidence of caus-
ality running from government expenditure to government revenue was found for some countries
like Italy and France among others, while evidence of causality running from government revenue
to government expenditure was established for other countries like Germany, Belgium and Austria.
Athanasenas et al. (2014) queried the long-run relationship between government revenues and
expenditure in Greece. They conclude that there exists an asymmetric relationship between
government revenue and expenditure. Dalena and Magazzino (2012) studied the relationship
between government expenditure in Italy and concluded that the relationships between govern-
ment expenditure and government revenue changes from time to time, making hypothesis to hold
at different time.

The empirical research efforts on the nexus between government revenue and expenditure are
very lean in African economy while the outcomes remain highly conflicting. By employing a VAR
approach, Nyamongo et al. (2007) found evidence of cointegrated relationship and bidirectional
causality between government revenue and expenditures in South Africa. Wolde-Rufael (2008)
explored the relationship between government expenditure and government revenue in 13 African
countries by employing Toda and Yamamoto (1995) causality test. Different causality patterns
were established for the countries.

Magazzino (2014) evaluated the nexus between government expenditure and government
revenue in six West African Economic and Monetary Union (WAEMU) countries. The empirical
findings showed that causality runs from revenue to government expenditure in Gambia, Liberia,
Nigeria and Sierra Leone while evidence of no causality was found for the remaining two countries.

Coming to Asian countries, Park (1998) considered causality link between government expendi-
ture and government revenue in Korea using Granger causality test. He concluded that causality
runs from revenue to government expenditure. Hong (2009) used a Johansen cointegration test
and ECM approach with the use of annual time series from 1970 to 2007 in Malaysia. He found
evidence of cointegration relationship between government expenditure and revenue, while evi-
dence of unidirectional causality from government expenditure to revenue was found. Narayan
(2005) examined revenue-expenditure nexus in some nine Asian countries using a panel approach.
He found evidence of cointegration relationship for just three countries out of nine examined
countries while findings from the Granger causality results were strongly mixed.

Li (2001) also examined the nexus between expenditure and revenue of government using
a cointegration and VAR approach, he submitted that bidirectional causality exists between
government expenditure and revenue in China. This empirical position was supported by Chang
and Ho (2002) in China. However, this is in contrast with the empirical findings of Ho and Huang
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(2009). Ho and Huang (2009) considered 31 Chinese provinces for the period 1999-2005 using
multivariate panel ECMs, no significant causality between revenues and expenditures was found.

Almasri and Shukur (2003) made use of a wavelet approach to study the relationship between
government revenue and expenditure in Finland making use of monthly data over the period
1960-1998. Evidence of strong causality from the expenditure to revenue in the second subsample
period was found at the finest and intermediate scales.

The empirical review showed that existing studies on government revenue and expenditure
nexus have mainly been explored using linear approach which possibly accounted for varying and
divergent conclusions. The current study significantly contributes to the literature by examining
the nexus between government expenditure and revenue in a nonlinear framework.

2.2. Some stylized facts

A robust understanding of the fiscal system demands adequate and coherent explanation on the
trend and the pattern of revenue and expenditure over time (Ayodele & Falokun, 2003; Sanusi &
Akinlo, 2016). The economy was feeble and crisis prone at the beginning of self-rule in1994.
(Department of Finance, Republic of South Africa, 1996). The dominant aim of fiscal policy has
always been to reach and sustain a progressive decline in the budget deficit, reduced government
expenses (Department of Finance, Republic of South Africa, 1996). Fiscal restraint was applied to
contain the sporadic growth in expenditure levels from 1993/94 to 2000/01 so the deficits could be
within the acceptable levels. Moderate expansionary policy was introduced in 2001/02 in agree-
ment with government pursuits of eradicating poverty. In 2006/07, national government expen-
diture was marginally below the originally budgeted of R470 billion. This was mainly due to savings
on costs of servicing debt. However, the country experienced increased national spending in 2008/
09 fiscal year which was mainly as a result of increase in recurrent expenditure. The increase in the
expenditure during this period was largely attributed to 2009 elections and the preparation for
2010 FIFA World Cup. In 2007/08, the year prior the recession, government revenue formed about
27% of gross domestic product. Subsequently, South African economy incurred huge revenue gap
after 2008/09 and the ratio of debt to GDP stood at 36.3% by 2012/13 (Industrial Development
Corporation, 2013). National government revenue, as a ratio of gross domestic product, rose
marginally from 24.5% in 2010/11 to 24.9% in 2011/12. Although national government expendi-
ture as a ratio of gross domestic product could be said to be sustainable over time but the revenue
gap has been consistently widened. For instance, the revenue gap for 2017 fiscal year was R48.
2 billion and this amount was higher than the 2016 revenue gap of R30. 8 billion (Budget Review,
2018). Many factors such as under-collection of tax, tax evasion, tax avoidance and corruptions
among others are responsible for this shortfall (Ebrahim et al., 2019). Expenditures have been
much higher than revenues and the resultant effect of this has always been budget deficits. This
situation is unfortunately worsened as expenditures are on the rise while revenues are falling
which worsens the woes of the budget deficit. The deficits become much more unsustainable
because greater proportion of the rising national expenditures are associated with recurrent
expenses rather than capital expenditure. For instance, the wage bill of the public sector as
a percentage of total government spending increased from 32.9% in 2016 to 35% in 2017
(Mahlakoana, 2018). Also, the real per capita spending was said to have skyrocketed from R1,
703 to R7, 959 from 1960 to 2007 (Alm & Embaye, 2013). Whereas in 2018/19 fiscal year, the total
revenue shortfall was estimated to be R15.4 billion. Meanwhile, the tax revenues have been
anticipated to be lower by R16.3 billion than what was planned in the Medium-Term Budget
Policy Statement (MTBPS) for the period 2019/20 to 2021/22 (Industrial Development
Corporation, 2019).

Conclusively, the deficits’ profile of South African has got to an alarming level. The government
of South Africa has been incurring deficits. The deficits have persistently been increasing and the
instant effects are damnable. For instance, the ratio of debt to GDP is persistently increasing
reaching a record high of 53% in 2017 (Republic of South Africa, Quarterly Bulletin (QB), 2017).
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Regrettably, within the light of current fiscal pressures, there is no indication that it might decline
in years to come as government expenditure has been projected to increase by at least 0.6%
irrespective of government’s commitment to fiscal discipline and debt sustainability measures
(Industrial Development Corporation, 2019).

3. Material and methods

The study employed a bivariate granger causality test and structural VAR model to investigate the
direction of causality and dynamic responses between government expenditure and revenue. The
nonlinear analysis of each of the variables is then evaluated using TVAR as well as TVEC models
and Markov Switching model.

3.1. SVAR and causal analysis
The estimated SVAR model is given as follows:

1 by Yr} |:b10} [711 712} {Yt—l} |:€yt:|
= 1
L’Zl 1 } {Xf b © Y21 r22 | | Xea e (1)
band y are coefficients, € is a disturbance term. The system’s structure allows the Y;and X; i.e
government expenditure and government revenue to be contemporaneously related:

1 by
LetB_[b21 1] (2)

The SVAR (1) can be expressed in standard VAR model by multiplying B~* on both sides of (1)

[ b1o—b12b2o ri—buary 712~ b12yy, Eyt—brrext
Yi _ 1=b12,, + 1-b1zp,, 1-b1zp,, Yia + 1-bizy 3)
Xt bao—baosy, ra—ruba  raa—rioba | | Xp_q “bracyie
L 1-baz,, —b12p,, 1-b1p,, 1-b1zb,,
Or simply
Yi| _ a1 air app || Y eyt 4
x| = + X .|t (4)
t | d20 a1 Q2 t-1 Ext

The stochastic term in the conventional VAR model can be stated as linear combination of
independently distributed shocks to Y: and X;

b R I [ ©
Ext 1*b12b21 —by 1 Ext

If we iterate conventional VAR model in (4) backward, and substitute (5) into the model, then,
Equation (4) is expressed in form of a vector moving average. Consequently, we state Y; and X; in
terms of contemporaneous and past values of the disturbances to €, and ey

Yi ain 02| | Q1o 1 a1 an 1 *bu} {eyt—l}
—_— 6
{XJ L% {021 022] [azo} 1 — bigp,, YR {021 azz] [ by 1 Ext-1 (6)
The second term on the RHS of Equation (6) can be expressed as
1 ¥ {011 012} [ 1 *b12:| |:€yt—1:| ¥ [911(1 912(1)} |:€yt 1] 7)
1—bigp, 0 a2 an by 1 Ext-1 =01 01(1)  022(3i) | | Ext—1

Equation (7) means that the influences of shocks €,;_1 and €,;_1 on Y; are determined by the
impacts of multiplier #11(i) and (1, (i), respectively. Similarly, effects of shocks €,;_1 and €1 on X;
are determined by 0,1 (i) and 0, (i), respectively. This method of tracing out the time path by which
government expenditure, Y; and government revenue, X;respond to shocks €,; and &y is recog-
nised as impulse response function.
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The identification issue in decomposing the residuals into shocks comes up because there are 10
coefficients which have to be recovered in the SVAR model in Equation (1), whereas there are nine
coefficients which can be estimated from the standard VAR model (4) including var(ey:), var(ex)
and cov(eytext) using OLS. Hence, the structural model (1) cannot be identified except we impose
restrictions on b1, andb,1 in matrix B.

To overcome the identification problem, we employ a Cholesky decomposition method, which is
traditionally used to orthogonalize the shocks in VAR analyses.

It is assumed that b,;= 0 in Equation (2). According to structural model (1), this means that Y:i.e
government expenditure has no contemporaneous effects on government revenue X;, only the
previous value of the government expenditure can affect the government revenue, i.e. X;.

Equation (5) can then be stated as

eyt = €yt + byye (8)

€xt = Ext (9)

Responses may suddenly change if the ordering of the variables’ changes, we specify the second
ordering by imposing restriction bi;= 0. This also means that X; i.e., government revenue is
contemporaneously affected by government revenue Y; and only the shocks to €, affects the
contemporaneous values government expenditure, i.e. Y; in the VAR system. Then, Equation (5)

becomes
Eyt = eyt (10)
Ext = b21€yt + Ext (11)

3.2. Causal analysis
Considering a bivariate VAR model in Equation (4):

Vi 010] {011 012] |:Yt—l:| |:eyt:|
= + + 12
{XJ {020 a1 02 || X1 ext (12)
where ajy connotes the parameters signifying the intercept terms and gj is the polynomial in lag
operator. Moreso, Y; and X; are stationary, and e, and ey are uncorrelated disturbance term.

Government revenue, X;, does not Granger-cause government expenditure, Y; if a;; = 0. Also,
Government expenditure, Y;, does not Granger-cause government revenue, X;, a;; = 0. Meanwhile,
if there is feedbacks between the variables, that is bidirectional causality, a;,does not equal to zero
and does not equal to zero. However, if both variables are independent event, a;; = a;; = 0.

3.3. Linearity test

Testing for nonlinearity ought to be the first step before implementing a nonlinear model. As
a result, several tests of nonlinearity have been proposed and adopted in the literature. The
present study makes use of BDS and Mcleod-Li tests. The BDS test is extensively adopted to
confirm a null hypothesis that a series consists of independent and identically distributed random
variables while Mcleod-Li test investigates the nonlinearity under assumption that a time series x;
is fourth-order stationary, this invariably connotes that x? process is weakly stationary.

The BDS test is specified as follows:
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Consider a time series {x¢|t = 1,....T},where T denotes size of the sample. We assume m to be
a positive integer. m history of the series as x{" = (X¢, X¢, ... ... Xt_mi1)fort=m,....... T.

The correlation integral embedding the dimension m can be defined as follows:

. 2
C(m,e) = }Lngom X Ymesater IXT, X \e€) (13)

And T, =T + 1 is the constructed number of m-histories, € is a positive real number. I(u, v\e) is an
indicator variable and zero otherwise. BDS test compares the C(m,¢) with C(1,¢) under the null
hypothesis.

The BDS test can then be defined as

D(m.) = vTjcem Z)(mv{e)c(l’e)} ] (14)

and C(k,¢) is defined as

Ck, )= = X Tkescear LXK X\e), k= 1,m,.

Note that s(m, ¢) is the standard error of E(m, €) — {6(17 e)}m, and this can be estimated from the
data under the null hypothesis.

The Mcleod-Li test is defined as the lag¢ autocorrelation of the squared residuals as:

_ Ziea(@ -87)(a - &)
Tia(@ -4

And 6 = é’rz/T and T is the sample size. Mcleod-Li test illustrates that for a fixed positive integer m,

Paa(t) (15)

the joint distribution of vT[p4q(2),....... Paa(M)]' is asymptotically multivariate normal with mean
zero and identity covariance matrix as long as the fitted linear model is adequate for the series.

3.4. Threshold vector autoregressive (TVAR) model

The TVAR model is employed to investigate the nonlinear relationship between the variables under
consideration while the short-term disequilibrium adjustment using Threshold Vector Error Correction
Model (TVECM) in case of threshold cointegration. It assumes two regimes only (regimel of higher
volatility and regime2 of low volatility; or regime1 of recession and regime2 of expansion).

_ [51.0 +[51.1I’t_1 +...+[3p171rt,p1 + &1t; Ifl’t_d <u (16)
t Pao + Prafta + .+ By, oftp, +ea; Ifr_g>u

where u is the unknown threshold, and d the delay. In many applications u=0,andd =1
with et — N(0, 1). r; is a vector of two variables which are assumed to be endogenous.

The model offers the way to account for nonlinearities between government expenditure and
government revenue. In order to assess the asymmetric adjustment of the relationship between
our variables using TVECM, the presence of threshold cointegration is first examined using Hansen
and Seo (2002) cointegration technique.

Markov Regime Switching Model

The present study follows Hamilton (1989). The probabilities of switching from one regime to

another one is computed in a Markov switching model (Tong, 1983;; Hamilton, 1989).
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The model is given as

_Ja+ Z,P:1 @i1Yt-i T €1t; Ifst=1
Yt = p (17)
C2+ Xiq @iaYii+ e Ifse = 2

where s; assumes values in {1,0r2} and is a first-order Markov chain with transition probabilities.
The state transition model is determined by the transition probabilities where

P(St =2\Si-1=1)=p11, S+ =1\52=2) =pap,

where 0<p;i<1. In matrix notation, the transition probability matrix is given as:

p_| Pu  1-p2x
1-pun  p2

It is also of economic importance to calculate the steady-state probabilities which is the uncondi-
tional probabilities that the system is in regime one (p;) and the system is regime 2 (p,) and are
stated as follows:

pl = (1 - PZZ)/(Z — pll 7p22)7

pa=1- P11)/(2 — P11 — pa2)’

The study made use of data on government expenditure as a percentage of GDP and government
revenue as a percentage of GDP. Quarterly data spanning from the first quarter of 1965 to second
quarter of 2019. The data were sourced from the South African Reserve Bank Statistics.

4. Empirical results

4.1. Unit root test, cointegration test and linear Granger causality

We first investigated the time series properties of government expenditure and government
revenue. Table 1 shows the results of stationary properties of the series with and without trend.
We found the variables not to be stationary in their level form but became stationary after
differencing once. Consequent to the fact that the variables were stationary after first differencing,
the cointegration test is carried out to determine the existence of long-term relationship between
the variables. The graphical representations of the variables in their levels and first difference are
presented in Figures 1 & 2. Figure 1 shows that the variables have upward trend with the changing
variances which confirms the nonstationary of the variables in their level forms. Figure 2 shows
that the variables have relatively constant variances which also confirm the stationarity of the
variables in their differenced forms.

The cointegration results is contained in Table 2. Before the cointegration test was carried out,

lag selection was carried out in order to select the optimal lag length. The test suggests optimal
lag order of 8 based on Akaike Information criterion. Since the parameter values of both Trace

Table 1. Stationary test results

Variable ADF Test(Trend) ADF Test(No PP(Trend) PP(No Trend)
Trend)

EXP 0.3070 0.6070 0.1245 0.3640

REV . 0.2091 0.5021 0.3562 0.2578

D(EXP) 0.0012 0.0034 0.0013 0.000

D(REV) 0.000 0.001 0.0001 0.002
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Figure 1. Variables in their
levels

Figure 2. Variables in their first
difference

Figure 3. SVAR variance
decomposition.

|

EXP
2515 25 35

E 0 'WW.,«fMnﬁﬂuﬁ\JWHWWN\IWM\J\ m"v W' g U\”f;,'*.,&,\ﬁ,f’ﬂ""f’lﬁ A Ju’tﬁ.-"'u".fm

0 20 100 150 200

Time

FEVD for exp
a _

O rev
= | - exp
=

o @ |
2 o
E
&
g
5 =
o a7
A
S
o
=1
1 2 3 4 5
FEVD for rev
a_

O rev
@ | B exp
=1

g © |

2 o

E

5

g

5 =

o o |
o |
o
]
=1

1 2 3 4 5

statistic and Eigen Value Statistic is greater values, we conclude that there exist long-term
relationships between the two variables in South African Economy. This suggests the presence of
at least one causal relationship between the two variables. Hence, we carried out linear Granger
Causality Test.
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Figure 4. Local linear autore-
gressive plot of expenditure.

Figure 5. RMSE of local linear fit
of expenditure.

Figure 6. Local linear autore-
gressive plot of revenue.
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The results of linear Granger causality are included in Table 3. The results show that there exists
no causality between government expenditure and government revenue. The absence of linear
Granger causality is further affirmed by the results of the variance decomposition and impulse
response analysis of the SVAR model. Figure 3 shows show that shocks to government expenditure
account for 100% variation in government expenditure and shocks to government revenue does
account for 100% variation in government revenue. In other words, the only source of variation in
each of the variable is their respective shocks. However, the absence of linear Granger causality is

Page 11 of 21



Sanusi, Cogent Economics & Finance (2020), 8: 1803523 *-: Cogent —~2CONOMICS & ﬁ nance
https://doi.org/10.1080/23322039.2020.1803523

Figure 7. RMSE of local linear fit
of revenue.

RMSE

eps
Table 2. Cointegration test results

Trace 10% 5% 1% Eigen 10% 5% 1%
Stat Value
Stat
r<i 38.1 6.5 8.18 11.6 38.1 6.5 8.2 11.7
r=0 80.9 15.7 17.95 235 42.8 12.9 149 19.19

Table 3. Linear granger causality test results

F-Test p-value
exp - rev 1.0156 0.4235
rev - exp 0.30822 0.5788

at variance with cointegration theory that states that if two or more variables are cointegrated,
there is linear Granger causality in at least one direction. This might be as a result of the nonlinear
structure of government expenditure and government revenue. Consequently, we investigate the
nonlinear relationship between the two variables.

4.2. Nonlinearity test

We first carried out preliminary nonlinear test by investigating likelihood of nonlinearities using the
locally linear autoregressive fit plot of each of the variable as shown by Figures 4 & 6 and the
respective RMSE as also shown by Figures 5 & 7. The results clearly suggest the possibility of the
nonlinearities of the two variables. Both BDS test and Mcleod-Li test also confirmed the nonlinea-
rities in the variables. The respective p-value was found to be significant and so the null hypothesis
of linearity was rejected. The results of the BDS test and Mcleod-Li test are contained in Tables 4
and 5 respectively.

4.3. Nonlinear Granger causality results

Having established the nonlinearity in the structure of our variables, we carried out the nonlinear
Granger causality test and is contained in Table 6. The results show that there exists
a unidirectional causality running from revenue to expenditure while expenditure is found not to
be causal factor of government revenue. In other words, our findings support the tax-spend
hypothesis which argues that causality runs from government revenue to government
expenditure.
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Table 4. BDS nonlinearity test
BDS Statistic

eps/Dimension Exp Rev

1(2) 5.86(0.00000)*** 6.43(0.000)***
1(3) 14.52(0.0000)*** 19.1(0.000)***
2(2) 2.33(0.001)*** 1.84(0.05)***
2(3) 8.83(0.000)*** 13.6(0.000)***
3(2) 2.36(0.01)*** 10.5(0.000)***
3(3) 9.24(0.000)*** 10.4(0.000)***
4(2) 1.98(0.04)*** 9.01(0.000)***
4(3) 9.75(0.00)*** 9.06(0.000)***

*** indicates parameter is significant at 5%

Table 5. Mcleod-Li test nonlinearity test

Mcleod-Li Statistic p-value
Exp 558.71 0.00000***
Rev 593.32 0.00000%**

*** indicates parameter is significant at 5%

Table 6. Noninear Granger causality test results

F-Test p-value
exp - rev 0.0438 0.999
rev -» exp 1.4847 0.03***

*** indicates parameter is significant at 5%

Table 7. LR test

LR statistic p-value
Linear VAR vs 1 threshold TVAR 86.85 0.000***
Linear VAR vs 2 threshold TVAR 139.67 0.000***
1 threshold vs 2 threshold TVAR 10.58 0.330

*** indicates parameter is significant at 5%

4.4. TVAR results

Having confirmed the unidirectional causality from government revenue to government expendi-
ture, the next task is to examine the asymmetric effects of the two variables. As a result, we make
use of TVAR model to capture the relationships between the two variables. The TVAR model is
a nonlinear multivariate system and has the additive ability to simulate nonlinearity. The model is
estimated using R under the package tsDyn. Before the estimation of TVAR, we first carried out LR
test available under the same package to test the nonlinearity in VAR with the null hypothesis of
linearity in VAR. The results of LR test is presented in Table 7. The results showed that the null
hypothesis of linear VAR is rejected. This means there is at least one threshold in the data. The
results also show that TVAR with one threshold is accepted. Hence, we estimate a TVAR with one
threshold and revenue serves as threshold variable based on the nonlinear causal relation.
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Figure 8. Threshold value
results of the grid search
procedure.
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The threshold variables and the threshold values of the constructed TVAR model is presented in Figure 8.
The very top panel depicts the threshold variables of the government revenue. The detected ordered
threshold variables and the threshold value which is determined by the Sum of Squared Residuals (SSR) are
presented in Figure 8. The threshold value is 4.9 at the lowest value of the Sum of the Squared Residual.

Given this threshold value, expenditure-revenue relation varies with the identified regime which is
divided into two. When revenue as a percentage of GDP is less or equal to 4.9 marks the first regime
and include 85.2% of the observed values. Hence, this regime can be said to be “lower revenue regime”.
The second regime takes place when revenue is more than 4.9 and includes 18.4% of the observed values
and is denoted as the higher revenue regime. From Table 8, the results show that the main influence of
government expenditure and revenue in the lower revenue regime emanate from the autoregressive part.

Figure 9. Hansen and Seo co-
integration plot.
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Table 8. TVAR results test

Regimel (rev < 4.9) Regime2 (rev>4.9)

Exp Rev Exp Rev
C 0.0022 0.1801 -9.100 5.3587
Expr-1 —0.8183*** -0.097 -0.9769* 0.3125
Revi-y -0.0271 -0.640* -0.0406 -0.8227*
EXpt-2 —0.6499*** —0.0550 -0.3532 -0.1653
Revi., -0.3130 —0.5062** -0.4035 —0.4394
EXpts3 —0.5484*** —0.0083 -0.1696 -0.2832
Revy.3 -0.0111 —0.0422*** -0.1902 0.1637
EXpes 0.1779 —-0.0579 0.4569 -0.1797
Revy., -0.0037 0.1501 -1.1360*** 0.0608
Expis -0.0416 0.0259 0.6071 -0.1706
Revi_s -0.2362 -0.0269 -0.2664 -0.1147
EXpte —-0.0898 0.1223 -0.4054 -0.1749
Revig -0.1233 -0.1370 0.0639 —0.0856
Expt-7 -0.1569 -0.0989 0.0951 0.2504
Revy.7 -0.1712 —0.2498* 0.4133 -0.4270
Expr-g -0.0392 0.0112 -0.0870 0.0238
Revy.g 0.1499 0.1041 0.3824 -0.0051
Percentage of 85.2% 18.4%
Observation

*** Indicate parameter significance at 1%
** Indicate parameter significance at 5%
* Indicate parameter significance at 1%

None of the variables has the significant impact on each other in lower revenue regime. Whereas in the
higher revenue regime, government expenditure is significantly influenced by revenue while the main
influence of revenue is from its own autoregressive.

4.5. TVECM results

Based on the linear cointegration result, one could argue that there exists a stable equilibrium in the
long-run relationship between government expenditure and revenue. Nevertheless, the changes in
government expenditure and government revenues are nonlinear based on the nonlinearity test and
nonlinear causality test which was also confirmed by the TVAR model. Consequently, adjustment in any
of the variable to the equilibrium suggests the possibility of being asymmetric.

Table 9. Hansen and Seo threshold co-integration

Test Statistic 51.6164
Critical Value 1% 55.4572
5% 53.7335
10% 51.5789
p-value 0.10000
Co-integration vector (1, 1.85762)
Threshold Value 1.7851

Note: The p-value is gotten by the bootstrap method. The number of bootstrap replications 100
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Regimel (rev < 4.9) Regime2 (rev>4.9)

Exp Rev Exp Rev
C 1.0872 0.5117 0.0410 —-0.0870
ECT -1.854 0.4499 —2.9251** 0.7754
EXpea . -0.2672 -0.2562 1.1795* -0.7396***
Revy.q -0.2665 -1.4370*** -1.1511** -1.1967***
EXpr-» -0.7785 -0.2153 0.6356 -0.7153
Revy., 0.2253 -1.5211*** -1.1589*** -1.4557**
EXpt-3 -1.0903 -0.1447 0.0242 -0.7240*
Revy 3 0.4343 -1.9020*** -0.8743** -1.4800
EXpes —-0.8585 —-0.2300 0.1762 -0.6788
Revy.4 0.3748 -1.7517** -0.6187 0.8348
EXprs -0.7332 -0.2520 0.0907 -0.5957
Revy.s 0.2169 -1.5711*** -0.4918 -0.5623*
EXpte -0.3178 0.0346 -0.1087 —0.4243%
Revi.g -0.7375 —1.3533** -0.1300 -0.3374
EXpez -0.2951 —-0.0608 -0.1160 -0.1985
Revy 7 -0.1288 -1.0340 0.0731 -0.4072**
EXpis -0.1417 0.0335 —-0.0337 —-0.0545
Revy.g -0.0988 0.4258 -0.0367 -0.1932
Percentage of 31.2% 68.8%
Observation

*** Indicate parameter significance at 1%
** Indicate parameter significance at 5%
* Indicate parameter significance at 10%

As a result, we make use of the Hansen and Seo (2002) threshold cointegration test with the null
hypothesis of linear cointegration in order to determine the presence of asymmetric or threshold in
the cointegration relationship between the variables. The result is presented in Table 9 while Figure 9
shows the Hansen and Seo cointegration plot. The results show that the null hypothesis of linear
cointegration is rejected because of the significance of the p-value. This means that the long-run
relationship between government expenditure and government revenue in South Africa is nonlinear.
The estimated cointegration relationship shows that a rise in government revenue by 10% would
increase the government expenditure by 18.5% and the estimated threshold cointegration value is
1.7851. According to this value, the model can be divided into two regimes. The TVECM results are
presented in Table 10. The first regime occurs below the threshold cointegration value of 1.7851 and
this regime includes 31.2% of the observed values and is normally defined as the extreme regime.
While the second regime occurs above the threshold cointegration value and this includes 68.8%
observed values and is known as typical regime. From Table 10, only the error-correction effect in the
expenditure equation in the typical region is statistically significant at 1%. However, in the extreme
region, none of the error-correction effect is significant statistically in both expenditure and revenue
equations. This means that expenditure and revenue deviation from equilibrium will only be accom-
panied adjustment coefficients in the typical region with the estimated coefficient of 2.9251. Also,
the results show that deviation of revenue from the equilibrium state is not followed by the
adjustment process to the long-term equilibrium though is not statistically significant. This is
particularly important for the government. In a bid to maintain or increase their revenue level,
sound fiscal policy measures must be made to prevent reduction of government revenue from the
long-term equilibrium state. Empirical findings also suggest that the co-movement of government
expenditure and revenue is nonlinear.
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Figure 10. Smoothened prob-
abilities for government
expenditure.

Figure 11. Smoothened prob-
abilities for government
expenditure.

4.6. Markov Regime switching model results

Univariate analysis of each of the variables was done within the framework of Markov Switching
model. Our analysis was limited to two regimes because it better fits macroeconomic relationships.
Markov Switching model is employed here mainly to determine the persistence of each of the
variable in each regime and their corresponding smoothened transition probabilities. The result
shows that the probability that government expenditure remains in the regime 1 is 0.5996 while
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Table 11. Markov switching probabilities

Transition Probabilities Steady State Probabilities
Exp 0.5997 0.0909 [18.5% 81.5%]
0.4003  0.9090

Rev 0.3362 0.7712 RMOB_A_1803588
0.6638 0.2288

the probability that it remains in regime two is 0.9090. By implication, government expenditure is
more persistent in regime 2 than regime 1. Put differently, the probability that government expen-
diture switches from regime one to regime two is 0.4004 while the probability that it switches from
regime 2 to regime 1 is 0.091. This means that government expenditure had tendency to remain in
regime 2 which is the regime of high government expenditure. This finding is further confirmed by
steady-state probabilities which is the unconditional probability that the system remains in its
current regime. The results show that there is 18.5% probability that government expenditure will
remain in low regime while 81.5% tendency that it will remain in high regime.

On the other hand, the probability that government revenue remains in the regime 1 is 0.3362
while the probability that it remains in regime two is 0.2283. This shows that government revenue
is more persistent in regime one. In other words, government revenue has higher probability of
switching from regime 2 to regime 1. This shows that government revenue has tendency of
remaining in regime 1 which is regime of low government revenue. Also, the steady-state prob-
abilities show that there is 53.7% probability that government revenue will remain in low regime
while 46.3% tendency that it will remain in high regime. This finding is particularly of significance
to the fiscal authority to put in place measures to improve and diversify the revenue of the
government while putting in place measures to cut wasteful and unnecessary expenses. These
empirical findings are illustrated in smoothened transition probability plots of Figures 10 & 11 for
both government expenditure and revenue respectively and Table 11.

5. Concluding remarks

The study examines the nexus between the government expenditure and revenue in South African
economy, using government expenditure as a percentage of GDP and revenue as a percentage of GDP
within the nonlinear framework. Quarterly data from 1965(01) to 2019(02) were sourced from the South
African Reserve Bank. The results of the linear granger causality showed that there exists no causality
between the two variables despite the existence of cointegration. This motivated the need to examine the
nonlinearity structure of the variables. Interestingly, several tests of linearity employed in the study suggest
the existence of nonlinearity in the structure of the variables. Nonlinear granger causality test was carried
out and the empirical findings show that causality runs from government revenue to government
expenditure and not vice versa. This provides evidence in support of tax-spend hypothesis. The study
then investigated the nonlinearity in VAR with the null hypothesis of linearity in VAR using LR test. The
hypothesis of linearity in VAR was rejected as the LR statistics was found to be significant. Hence, the study
estimated Threshold Vector Autoregressive (TVAR) with one threshold, and revenue serves as threshold
variable given the nonlinear causal relation. The results showed the threshold value is 4.9 when the Sum of
the Squared Residual is at its minimum. Empirical findings suggest that in the higher revenue regime,
government expenditure is significantly influenced by revenue. The likely explanation for this is that during
the revenue boom or when the government revenue target is surpassed, corruption and many other
wasteful expenditures are encouraged due to weak institutions and this more than often leads to over-
bloated government expenditure. The results of the TVECM show that in the extreme region, none of the
error-correction effect is statistically significant in both expenditure and revenue equations. On the other
hand, only the error-correction effect in the expenditure equation in the typical region is statistically
significant. This means that in the typical regime, error-correction term is effective for the adjustments
towards the long-run equilibrium only in the expenditure equation. The implication is that in extreme
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region, when there is deviation of the government expenditure and revenue from the equilibrium, error-
correction term is unable to produce adjustment to equilibrium condition. Whereas in the typical region,
error correction will adjust to make them reach the long-run equilibrium only in expenditure equation. This
suggests the presence of one-way causality from government revenue to government expenditure in the
typical region. This further affirms the unidirectional nonlinear causality running from revenue to expendi-
ture. This means that increased government revenue would push up the government expenditure. The
Markov Switching model showed that government expenditure has greater tendency to remain in the high
regime while government revenue has higher probability of staying at low regime as suggested by
transition probabilities. The steady-state probabilities showed that government expenditure has about
81.5% tendency to remain in high regime while government revenue has higher percentage of remaining
in low regime with a lower percentage of remaining in high regime.

The finding provides important information on how government should manage the period of high
revenue. The revenue during this period of boom should not be mismanaged because it has the tendency
to induce government expenditure, and because there is lower tendency that the revenue will remain in
that state. The surge in the revenue should be adequately channeled to productive use and development
projects. Government should reinforce observing and appraisal units in all relevant policy institutions to
monitor and assess the execution and implementation as well as to track deliverables decided on at policy
coordination meetings. Government should toughen their medium-term forecast and estimate framework
and budget alignment to sectoral policies in a bid to cut waste and managed the growing expenditure. An
all-inclusive tax reform such as growing the tax base, scheming and sustaining an inflation-proof tax
system, refining tax administration and collection, spending rationalization, and privatization of inefficient
state enterprises are vital in creating fiscal policy reliability.

The major limitation of the study is the scope of the study; as is country specific in nature. Future
research in the African continent should consider the possibility of panel studies, especially for

Southern African countries.
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