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A scrutiny into fiscal policy in the South African
economy: A Bayesian approach with hierarchical

priors

Lindokuhle T Zungu'*, Bongumusa P Makhoba? and Lorraine Greyling®

Abstract: This study analyses the impact of fiscal policy on the South African
economy during the period 1972Q1-2020Q2. The study adopted quarterly time
series data to estimate a Bayesian Vector Autoregression (BVAR) model with the
selection of hierarchical priors. The variables employed for empirical investigation
included GDP, government expenditure, public debt, and gross fixed-capital forma-
tion. The results of the study show that an unexpected shock in government
expenditure and public debt has a significant negative and persistent impact on
economic growth in South Africa, while an unexpected shock in investment has

a significant positive effect on economic growth. The findings suggest that esca-
lating public expenditure and public debt lead to economic contraction. This implies
that policy-makers ought to be cautious of excessive government expenditure and
public debt to achieve fiscal consolidation. Policy-makers ought to focus on
addressing structural challenges through the implementation of sound structural
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well-known as the Keynesian economic para-
digm. The Keynesian theory believes that

a change by the government in the level of gov-
ernment expenditure and taxation positively
influences aggregate demand and then influ-
ences economic activities. South Africa has been
facing the challenge of sustaining sustainable
economic growth. Since 2000, South Africa has
been reporting growth rates below 3 percent,
implying that the economy has been failing to
grow its contribution to the economy towards
attaining some of its developmental goals and
macroeconomic objectives. In this study, we find
that fiscal policy reduces the level of growth in
South Africa. While investment was found to be
an important driver of growth in South Africa,
lastly, our results suggest that a focus on pro-
mulgating macroeconomic policies that will
attract investment consistent with job creation
and economic expansion is needed in South
Africa.
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Figure 1. Graphic analysis of
the mean of economic growth
and fiscal variables, 1990Q1-
2020Q2.

Source: Author’s illustration
based on South African Reserve
Bank (2020).

reform policies that aim to attract investment consistent with job creation, devel-
opment and growth in South Africa’s economy.

Subjects: Economics; Political Economy; Finance

Keywords: BVAR; economic growth; government expenditure; hierarchical priors; public
debts

1. Introduction

Similar to the rest of the emerging countries worldwide, the South African democratic government
has relied on the theoretical assumption made by John Maynard Keynes, which is well-known as
the Keynesian economic paradigm. The Keynesian theory believes that a change by the govern-
ment in the level of government expenditure and taxation positively influences aggregate demand
and then influences economic activities. South Africa has been facing the challenge of sustaining
sustainable economic growth. Since 2000, South Africa has been reporting growth rates below
3 percent, implying that the economy has been failing to grow its contribution to the economy
towards attaining some of its developmental goals and macroeconomic objectives. Observing the
data, the mean economic growth from 2000Q1-2020Q2 has been recorded to be 2,5 percent. For
a decade, and despite its efforts to contain the economy after financial crises, South Africa’s public
debt/GDP ratio has been on the rise but failing to improve the level of growth. Figure 1 graphically
demonstrates the mean of economic growth, government expenditure and public debts covering
three decades from (1990Q1-2020Q2). The graph demonstrates that the South African govern-
ment has been using an expansionary fiscal policy in trying to raise the level of growth.

However, the insight gained from (decades 1 and 3). Decade 2 demonstrates that a low level of
government expenditure and public the diagram is that the expansionary fiscal policy is failing to
meet the objective of the government, since a high level of expenditure and public debt aims to
stimulate economic growth, yet it causes the growth to respond negatively debt results in high growth
(3,56%). This poses the question whether the Keynesian economic paradigm is valid for South Africa.

We further analyse the trend of government expenditure, public debt and economic growth
covering the period 1972Q1-2021Q2, as is shown in Figure 2. The diagram clearly shows that there
is an inverse relationship between government spending, public debt and economic growth, as the
graphic analysis demonstrates that, in any instances where the government intervenes through

Mean of government expediture, government debt and economic growth over the
three different decades
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(Currentd Decade) —

2001Q3-2010Q2
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1991Q3-2000Q2
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0 10 20 30 40 50 60
1991Q3-2000Q2 (Decade 1) 2001Q3-2010Q2 (Decade 2) 2010Q3-2020Q2 (Currentd Decade)
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Figure 2. Graphic analysis of
the trend of economic growth
and fiscal variables, 1972Q1-
2020Q2.

Source: Author’s illustration
based on South African Reserve
Bank (2020).

Growth and Fiscal Policy(Government expenditure, Debt)
Trends

PERCENTAGE

e———Economic Growth (%GDP) @——Government Expenditure (%GDP) Government Debt (%GDP)

YEARS (1972Q1-2020Q2)

expansionary fiscal policy, it reduces economic growth. Those instances can be observed in;
1973Q2-1979Q4, 1990Q1, 2008Q2- 2010Q4 and 2020Q1- 2020Q2.

When reviewing the literature, we found different views on which variable best captures the fiscal
stance between government spending, taxation and deficits. So far no variable among these has been
singled out as the most representative of the fiscal policy. Numerous scholars have adopted expenditure
as a proxy for fiscal stance. Those scholars include Barro (1990), Zungu et al. (2020), and Zungu and
Greyling (2021). Others adopted tax rate (Engen & Skinner, 1996; Rebelo, 1991). Lastly, Easterly and
Rebelo (1993) and others used government deficit as a measure of fiscal stance. Moreover, the extant
literature on this subject is vast and has capitulated extensive conflicting outcomes, where some
authors found a negative relationship between expenditure and growth (Afonso and Sousa, 2011;
Karagoz & Keskin, 2015; Makhoba et al, 2019), some found the the relationship to be positive
(Babalola, 2015; Bobasu, 2016; Boiciuc, 2014; Masca et al., 2015; Pashourtidou et al.,, 2014), some
found a nonlinearity relationship (Abd-Rahman et al., 2019; Pelin & Taner, 2017; Rana & Hasan, 2016;
Zungu & Greyling, 2021; Zungu et al., 2020), and some found the relationship to be inconclusive (Olaoye
et al,, 2020). The reasons behind these conflicting findings are implausible. Empirically, the feasible
explanation for the divergent results in the existing literature lies in the model specifications adopted,
and the level of economic development and data sets used in examining the relationship between fiscal
policy and economic growth.

This study extends the existing literature on this subject by examining the impact of its fiscal policy
on the South African economy. The current study embraces the definition that “fiscal policy refers to
the adjustment made by government through government spending, taxation and deficit to achieve
certain macroeconomic objectives”, understanding that growth is one of the most important macro-
economic objectives on which the government focuses (Blanchard, 2010). The current study seeks to
adopt government spending and public debt to capture fiscal stance, since the government makes
use of this component of the fiscal policy to respond to the economic down-turn.

Lin Oo (2019) investigated the impact of fiscal policy on economic growth in Myanmar, using the
ordinary least squares (OLS) method with annual data from 1979 to 2016. In their analysis they
adopted government expenditure, public deficit and economic growth. Their study reveals
a statistically significant relationship between the country’s fiscal deficit and economic growth,
which confirms Keynesian assumptions. In their analysis, major macroeconomic variables, such as
gross fixed-capital formation, that impact the common-man directly or indirectly, were not cap-
tured. In addition, their analysis used annual timeseries data. The current study seeks to contribute
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to the South African literature by developing a BVAR approach with hierarchical priors using South
African quarterly time series data covering the period 1972Q1-2020Q2.

We developed the BVAR with hierarchical priors because of two measured defects, namely when
the quality of the data is questionable and when it is typically short. Prior selection in a BVAR is
useful in accounting for these weaknesses. Furthermore, the advantage of estimating the current
matter with Bayesian techniques is that the impulse response function are more precise. The study
by Lin Oo (2019) did not account for these shortfalls. It is on this premise that we seek to fill the
gap in the literature by incorporating and examining the effect of these macroeconomic variables
on economic growth, which has not been captured in the African studies on the same subject. In
addition, the time coverage of our timeseries datasets compares to that in previous studies,
making our empirical model robust and useful for policy decision-making. Lastly, the inspiration
for this study emanates not only from a lack of studies examining the effects of policy instances on
economic growth, but more generally from the fact that this relationship may differ from the one
that exists in advanced countries due to the different smoothness in economic development and
the macro-economic policies that are being practiced.

2. Review of theoretical and empirical literature

2.1. Theoretical framework

The theoretical model of this study is founded on the analysis carried out by Keynes (1936), which
is well-known as the Keynesian theory. The Keynesian theory of development believes that
a change by government in the level of government expenditure and taxation positively influences
the aggregate demand, which then influences economic activities. The argument made by the
Keynesian theory is that fiscal policy through government expenditure (expansionary or contrac-
tionary) is the main driver of economic growth through aggregate demand. Expansionary mea-
sures occur when the government increases expenditure or reduces taxes to stimulate the
aggregate demand. The process behind the expansionary fiscal policy is that its translates into
a rise in job creation output, which then stimulates economic growth. However, when the level of
the economy is high, the government applies the fiscal policy through contractionary measures by
raising tax rates or cutting government expenditure (Blanchard, 2010).

Contrary to Keynes (1936), Wagner (1890) argues that a significant factor that drives fiscal policy
is economic growth. This argument was empirically tested by Ismal (2011) in Indonesia, where it
was found that both the Keynes and Wagner laws hold. This further intensifies the argument that
it is essential to assess both of these theories first, before identifying the main agents of economic
development for the purpose of accurate economic policy prescriptions.

The current study adopts the Keynesian theory of economic development as theoretical founda-
tion for the study of variable selection and empirical investigation. Mathematically, the Keynesian
function can be expressed as:

Yo =f(Xe) + et (1)

The equation above, according to Keynes (1936), is that y; = ECON (real gross domestic product)
and X; = GEXPED (government expenditure). There are certain aspects of government expenditure
that account for a positive impact on economic growth. According to Di-Matteo (2013) an inter-
vention by government to promote economic growth and remedy the market’s failure, is the
provision of public goods to stimulate economic growth.
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2.2. Empirical literature

After reviewing the literature, we found that the major part of the existing literature dealing with
the impact of fiscal policy on economic growth is essentially anchored in two broad strands.
However, it is significant to note that there are other variant positions in each broad strand that
are fundamentally related, but with some improvements. The Keynesian view posits that con-
sumption is the driver of the economy (Blinder & Solow, 2005), while the classical view posits that
“every dollar increase in real government spending is offset by a dollar reduction in private
spending”, so crowding out is complete (Dornbusch et al., 1998). The argument of the classical
view is that asserts that affect government expenditure are temporary and not effective in the
long run when there are adjustments to the prices while employment and output are at their
optimum level. Essential to this discussion is the question of the influence of fiscal policy. After
scrutinizing the literature, we found that there are three different views onwhich variable best
captures the fiscal stance between the three fiscal policy instruments: government spending,
taxation and deficits. The literature does not single out which variable among these is most
representative of the fiscal policy. Some authors adopted expenditure (Barro, 1990), and others
taxation (Stokey & Rebelo, 1995), while still others used deficit (Stokey & Rebelo, 1995) to capture
the fiscal stance.

Barro (1990) studied the impact of fiscal policy on economic growth in a panel of 47 countries in
the post World War II period, finding fiscal policy to have a positive effect on economic growth.
The inconsistency emerged when Engen and Skinner (1992) documented that fiscal policy
decreased economic growth in a panel of 107 countries. The findings reported by Barro (1990)
and Engen and Skinner (1992) further contradicted the results documented by Ali (2005) in a panel
data of 90 countries covering the period 1975-1998, as this author found that the effect of fiscal
policy on economic growth is inconclusive.

Afonso and Sousa (2011) studied the impact of fiscal policy on macroeconomic structure in
Portugal, using a BSVAR approach over the period 2003Q1-2015Q2. Their findings supported the
argument by Engen and Skinner (1992). In the South African context, the study by Charl et al.
(2013) used South African data covering the period 1970Q1-2009Q4, employing the calibrated
DSGE, SVECM and TVP-VAR models. Their study documented that fiscal policy is positively related
to economic growth, supporting the results documented by Barro (1990). A further contradiction
emerged in the South African literature when the study carried out by Makhoba et al. (2019) found
that there is a negative relationship between fiscal policy and economic growth in the long run,
using the VECM approach in examining the short-long run effect of the fiscal policy on economic
variables covering the period 1960-2017. The findings documented by Makhoba et al. (2019)
supported the findings reported by Boiciuc (2014) in a case study of the Romanian economy,
using the SVAR technique and covering the period 2000Q1-2012Q4.

Masca et al. (2015) studied the impact of fiscal policy as a growth engine in the European Union
(EU) economies using the GLS and the FGLS, covering the period 1995-2011. Their findings pointed
out that the dimension of the public sector improves economic growth by improving investment
and government revenue. These findings were further supported by the findings reported by
Babalola (2015) in the case of Nigeria, covering the period 1981-2013, and Bobasu (2016) using
a BVAR in the Romanian economy, covering the period 2000Q1 to 2014Q2.

Looking at the most recent literature, the study conducted by Olaoye et al. (2020), used the GMM
techniques to account for simultaneity and endogeneity problems inherent in the dynamic model,
covering the period 1980-2017 in Nigeria. Their findings revealed that there is evidence of asymmetry
in the government spending and economic growth relationship in Nigeria over the period of study.
Rohimah et al. (2020) studied the impact of fiscal policy on economic growth at a regional level in
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North Sumateran provinces, covering the period 2011Q1-2017Q4. Their study adopted two compo-
nents of fiscal policy: government expenditure and tax revenue, to measure the fiscal policy. In their
study they documented that the fiscal policy has a negative impact on income inequality in North
Sumatera, which then contradicts the arguments made by Barro (1990) and Masca et al. (2015).

3. Methodological framework

3.1. Justification of variables

This study employed quarterly time series covering the period 1972Q1-2020Q2 to estimate a BVAR
model. The current study used variables suggested in the literature and also included gross fixed
capital formation, which impacted growth in various countries directly or indirectly but was not
captured in the Lin Oo (2019) model.Our variables include GDP at a factor cost of the non-
agricultural sector (ECON), national government expenditure as % GDP (EXPEN), total debt of
government as % of GDP (PDEBT), and gross fixed-capital formation (INVEST), obtained from the
South African Reserve Bank. According to the Keynesian theory of public debt, an increase in
government expenditure fuels domestic activity and crowds in private invensmest. Therefore,
increasing government spending is positively related to national output, which then leads to
employment (Makin, 2015). While public debt is thought to be negatively related to economic
growth, as the public debt overhang suggests, unsustainable public debt undermines the credibility
of state policy, obstructing government commitment to policy actions.Again, the use of public debt
to finance public investment will drain the liquidity from the market.

All our variables were selected in line with the theoretical foundations and empirical literature
underpinning the relationship under investigation. We adopted the unit root test within the bvar ()
function.

3.2. Bayesian VAR model: Model specifications

To achieve the objective of the study, we adopted a Bayesian VAR (BVAR) approach, following the
example of Banbura et al. (2010), with all the mathematically detailed technical Bayesian VAR.
However, our BVAR model accommodated hierarchical priors for various reasons. Reflect on the
following VAR(p) model:

Ye=a0+ Alyt—l + ...+ APyt—p + €t with EtN(O7 E) (2)

where y; = ECONt, EXPEN;, PDEBT;,INVEST;isa4 x 1 column vector of 4 endogenous variables in the
BVAR system, while ap denotes a 4 x 1 vector of the intercept. Aj(J=1,...,p), denoting a 4 x 4

matrix of autoregressive coefficients of regressors, p is the order of the BVAR and, finally, €;isa 4 x 1
vector of Gaussian exogenous shocks with a zero mean and variance covariance (VCOV) matrix X. The
4 + 42, are the number of coefficients to be estimated, rising quadratically with the number of
included variables and linearly in the lags order. Such parameterization leads to inaccuracies with
regard to structural inference and out-of-sample prediction, especially for higher-dimensional mod-
els. This phenomenon is normally referred to as the curse of dimensionality.

The good fit of the VAR estimated through the Bayesian approach, is that it tackles this
limitation by means of an impressive extra structure in the model, which includes the priors
which have been shown to be effective in militating the curse of dimensionality, and allows for
a large model to be estimated (Banbura et al., 2010; Doan et al., 1984). They push the model
parameters towards a parsimonious benchmark, reducing estimation errors and improving out-of-
sample projection accuracy (Koop, 2013). This shrinkage is associated with the frequentist reg-
ularization approaches (De-Mol et al., 2008; Hoerl & Kennard, 1970). Our approach is flexible and
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significant in accommodating a varied range of naturally involved prior information, economic
issues, and the issuing of data, and it is also powerful in mitigating uncertainty through hierarch-
ical modelling (Gelman et al., 2013).

3.3. Selection of hierarchical priors and specification

Properly informing prior beliefs is critical, and thus the subject of much research. The flat priors come
from the multivariate context, which posits that the priors impose a certain belief that aims to yield
poor inference (Banbura et al.,, 2010; Sims, 1980) and inadmissible estimators. Going as far back as
the study by Litterman (1980), he contributed to the argument of the priors set-up by setting their
hyperparameters in a way that maximizes the out-of-sample prediction of performance over a pre-
sample. While the study by Del-Negro and Schorfheide (2004) chose values that maximize the
marginal data density, the study by Banbura et al. (2010) adopted a slightly different approach,
following Litterman (1980) by controlling for overfitting and using in-sample fitting as their choice.
Economic theory is an ideal foundation for priors information, but it is lacking in many settings, in
particular in high-dimensional models. Villani (2009) rebuilt the model further by placing the priors in
the steady state, which was then better understood theoretically by economists. The study by
Giannone et al. (2015) suggested the setting of hyperparameters in a data-based fashion by treating
them as additional parameters. In their approach, uncertainty surrounding their choice of prior
hyperparameters is acknowledged explicitly, which then —invoking Bayes’ Law — can be expressed as:

p(rly) o< p(yl6, r)P(6l7)P(7) 3)

p(Yly) = I (y16,7)p(6ly)de (4)

wherey = (yp, +1,...,yr) T, the variance and autoregressive parameters of the VAR are indicated by
0, and the set of hyperparameters by y. The first part of Equation 2 is marginalized with respect to the
parameters @ in Equation 3. This produces a density of the data as a function of the hyperparameters
p(ylr),and also the marginal likelihood (ML). The quantity is conditional to the hyperparameters y,
but marginal with respect to parameters 6. A decision criterion for maximization and hyperparameter
choice is derived from the results of the ML test, which constitutes an empirical Bayes method, with
clear frequentist interpretation (Giannone et al., 2015). In our approach, the ML is adopted to explore
the full posterior hyperparameter space, to acknowledge the uncertainty that surrounds it. Giannone
et al. (2015) claim that this produces results that are robust and theoretically grounded, if imple-
mented in an efficient manner. The authors established high accuracy of forecasts and impulse
response functions, with the model performing competitively compared to factor models. Since then
their approach has been used widely in applied research (Altavilla et al., 2018; Miranda-Agrippino &
Rey, 2015). The contribution made by Giannone et al. (2015) emphasizes conjugate prior distributions
of the Normal-inverse-Wishart (NIW) family, to be precise. Conjugacy involves that the ML is available
in closed form, allowing competent computation, where the NIW family embraces numerous of the
most frequently used priors (Koop & Korobilis, 2010), with some notable exceptions. These include the
Dirichlet-Laplace prior (Bhattacharya et al., 2015), the steady-state prior (Villani, 2009) and the
Normal-Gamma prior (Huber & Feldkircher, 2019). The recent contributors to this argument focus
on accounting for heteroskedastic error structures (Clark, 2011; Kastner & Fruhwirth-Schnatter, 2014).
This may improve model performance, but is not possible within the conjugate setup and, moreover,
would confuse inference. In the selected NIW framework we approach the model in Equation 1 by
letting A = [a0,A1,...,Ap] and = vec(A). Then the conjugate prior setup reads as follows:
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pIR~(b, K ® Q) (5)

T~IWV(¥,d) (6)

where b, Q,¥ and d are functions of a lower dimensional vector of hyperparameters y. Giannone
et al. (2015) considered three priors in their study, which were called the sum-of-coefficients prior,
the single unit-root prior, and the Minnesota (Litterman) prior that is used as a baseline. In his
study, Litterman (1980) adopted the Minnesota prior and imposed the hypothesis that individual
variables all follow random-walk processes. This parsimonious specification typically performs well
in forecasts of macroeconomic time series (Kilian & Litkepohl, 2017) and is often used as
a benchmark to evaluate accuracy. The prior is characterized by the following moments:

1,andifi=j,s=1
0, and otherwise (7)

E(As);|% = {

lzéﬁ,andiflzjandrzs

0, and otherwise

cov(As)iJ»(A,)k,\E = { (8)

where 1 is the key parameter which controls the tightness of the prior and, therefore, weighs the
relative significance of data and prior. When the priors are imposed precisely, that will follow 4 — 0,
while when 1 — oo, the posterior estimates will approach the ordinary least squares (OLS) estimates.
Finally,y controls the prior's standard deviation on lags of variables other than the dependent
variable. The Minnesota prior is normally applied as an additional prior in the model, trying to “reduce
the significance of the deterministic component implied by VAR models’ estimated conditioning on
the initial observations” (Giannone et al.,, 2015). The study by Doan et al. (1984) included the sum-of-
coefficients (SOC) prior by imposing the notion that a no-change projection is optimal at the begin-
ning of a time series. It is implemented via the Theil mixed estimation by adding artificial dummy
observations to the data matrix, which are constructed as follows:

+ _ diaalY + + +
A%/XM = diag (ﬂ) +MX()§+MP) =[0,y",...,y"] (9
in Equ. 9, where y is a 4 x 1 vector of the averages over the first p observations of each variable.
The variance is controlled by the key parameter p and, therefore, due to the tightness of the prior
for u — oo, the prior becomes uninformative. For x — 0 the model is pulled towards a form with as
many unit-roots as variables and no co-integration. This inspires the single unit-root (SUR) prior
(Sims & Zha, 1998), which allows for co-integration relations in the data. The prior pushes the
variables either towards them, or towards the presence of at least a one-unit root or unconditional
mean. These kinds of priors, associated with dummy observations are:

v _X ++ = )z ++ ++
1>¥M_5+1><)((1+MP) LS“V Y } (10)

where y is again distinct, as above. Likewise, § is the key parameter, governing the tightness of the
SUR prior. A number of heuristics, proposed as setting this parameter for these priors, have been
discussed in various studies, including Doan et al. (1984) and Banbura et al. (2010). The study by
Giannone et al. (2015) noted that, from a Bayesian standpoint, this choice of parameters is
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theoretically identical to the implication for any other parameter of the model. “They show that it
is possible to treat the model as a hierarchical one, with the marginal likelihood of the data, given
the prior parameters, available in closed form for VAR models with conjugate priors” (Giannone
et al,, 2015). Estimating these hyperparameters via maximization of the ML, is an empirical Bayes
method with a clear frequentist interpretation (Giannone et al., 2015).

4. Empirical analysis and interpretation results

This section discusses the empirical results of the entire study with regard to the impact shock of
fiscal-policy variables on economic growth in South Africa. The findings of the study will be robust
to policy-makers in understanding the impact shock of either the contractual or expansionary
fiscal policy on the South African economy. This will also be useful in understanding the sustain-
ability of unexpected shocks in South Africa’s economy. As part of the preliminary analysis we used
the fred-transform () function for data transformation and the stationarity test, as it is one of the
most important tasks to be performed before estimating the BVAR model.

4.1. Data transformation and stationarity

Developing a BVAR model, using the function bvar (), requires the data to be coercible to
a rectangular numeric matrix with no missing data points. We used 4 variables in our BVAR
model, these variables being: ECON, EXPEN, PDEBT and INVEST. GDPp is given in billions of 2010
dollars, while other variables are in rates, except for Gini which is an index. We followed the
transformation adopted by Kuschnig and Vashold (2019) to transform all the variables to log
levels, in order to demonstrate dummy priors. Our transformation was performed through the
function fred-transform (). This function supports the transformation that appeared in McCracken
and Ng (2016), which can be accessed via their transformation codes, and automatic transforma-
tion. We then used the codes argument derived from the direct-transformation codes. Doing this
helped us to choose 5 log-differences for investment and 2 for 1°* differences. We then set the
number of lags to 4 for yearly differences of our quarterly data.

4.1.1. The prior setup and configuration

The traditional maximum likelihood VARs (TML-VAR) suffer two major defects, using data from middle
and low-income countries where the quality of the data is questionable and typically short. The TML-VAR
are over-pameterised where too many lags are included in the model, leading to a significant loss in the
degree of freedom. Therefore, priors selection in a BVAR is useful in accounting for this weakness of the
TML-VAR. After having prepared the data, we then specified priors and configured our model by using the
bv_priors () function, which holds arguments for the Minnesota and dummy-observation priors, as well
as the hierarchical treatment of their hyperparameters. We began by adjusting the Minnesota prior. The
prior hyperparameter 2 has a Gamma-hyperprior and is handed upper and lower bounds for its Gaussian
proposal distribution in the MH step. As a result, we started by not treating a hierarchically. Following
Kuschnig and Vashold (2019), we let ¥ be set automatically to the square root of the innovation
variance, after fitting AR(p) models to each of the variables. We then included a sum-of-coefficients in
a single unit-root prior, where we had pre-constructed three dummy observation priors. The hyperpriors

Table 1. Posterior marginal likelihood

Optimisation concluded.

Posterior marginal likelihood: —1716.465.

Hyperparameters: lambda = 1.49452; soc = 0.246702; sur = 0.35986.

| | 100%.

I
Finished MCMC after 20.3 secs.

Source: Author’s calculation based on South African Reserve Bank (2020).
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Figure 3. Trace and density
plots of all hierarchically trea-
ted hyperparameters and the
ML.

Source: Author’s calculation
based on South African Reserve
Bank (2020).

< cogent -~ economics & finance

Table 2. Summary of the BVAR model

Bayesian VAR consisting of 238 observations, 4 variables and 4 lags.
Time spent calculating: 16.89 secs.

Hyperparameters: lambda, soc, sur.

Hyperparameter values after optimisation: 1.513, 0.126, 0.476.
[terations (burnt/thinning): 25,000 (8000/1).

Accepted draws (rate): 3933 (0.393).

Source: Author’s calculation based on South African Reserve Bank (2020).

of their key parameters are assigned Gamma-distributions, with specifications working similar to those
for 1. In this version of the BVAR, this will be equivalent to providing the character vector
c(Lambda, Soc, Sur), after setting the configuration of the model’s priors and Metropolis-Hastings.

4.2. Estimation of the model

We estimated our model using the function bvar (),also noting that this function needed us to
prepare the data and provide the lag order of p as arguments. The study also passed the
customization setup with respect to the argument, and we defined the total number of initial
iterations to be discarded with n_burn and those with n_draws. The number of burn and draws
were set to 15,000 and 5000, respectively. When our model was estimated, where we set the
verbose = TREUE in the bvar() function, it enabled a progress bar during the MCMC step. Table 1
sums up the results of the posterior marginal likelihood.

The return value of the BVAR function is an object of a class that produces several outputs,
including the parameters of interest, which are hierarchically treated hyperparameters, the VCOV
matrix and the posterior draws of the VAR coefficients. The object of the BVAR also contains the
values of the ML! for each draw, the prior settings provided, the starting values of the prior
hyperparameters obtained from optima as well as the ones set automatically, and the original
call to the bvar() function.

Trace of ml Density of ml

=
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Figure 4. Generated impulse
responses of the Bayesian VAR.
Source: Author’s calculation
based on South African Reserve
Bank (2020).

Shock ECON on ECON Shock DGEXPED on ECON Shock DPDEBT on ECON Shock DLGFCF on ECON

i s s 2 B . i " 2 i s s 0 . s o
Shock ECON on DGEXPED Shock DGEXPED on DGEXPED Shock DPDEBT on DGEXPED. ‘Shock DLGFCF on DGEXPED

s . . 3 e 0 i s . " ‘ s i
Shock ECON on DLGFCF ‘Shock DGEXPED on DLGFCF " Shock DPDEBT on DLGFCF Shock DLGFCF on DLGFCF

4.2.1. Analysing outputs

The BVAR model contains a range of standard methods for the model. We assessed the overview
and convergence of the MCMC algorithm of our estimation, which is significant for its stability.
Table 2 provides a summary of the BVAR model, where the coefficients of lambda, soc and sur are
1.513, 0.126, and 0.476, respectively, while the iterations (burnt/thinning): 15,000 (5000/1) and the
accepted draws (rate) are found to be 39%. The arguments var_response and var_impulse provide
a concise alternative way of retrieving autoregressive coefficients.

We then used the type of argument to choose a specific type of plot, as it shown in Figure 3,
which provides plots of the density, trace of the ML and hierarchically treated hyperparameters.

The graphical inspection of density and trace plots signifies convergence of the key hyperpara-
meters in the estimated BVAR model. The chain appears to be exploring the posterior rather well;
no glaring outliers are recognizable.

4.2.2. Impulse responses of the Bayesian VAR

This study aims to identify the impact of government expenditure and public debts shocks on
economic growth, and to examine whether the shocks are persistent covering the period 1972Q1-
2020Q2, using a BVAR with hierarchical priors selection. Figure 4 reports the impulse responses of
economic growth (ECON), government expenditure (% GDP) (DGEXPED), government debt (% GDP)
(DPDEBT) and investment (DLGFCF). The shaded areas refer to the 90% and the 68% credible sets.
The responses in Figure 4 reflect on the basis of the model with hierarchical priors selection, where
the coefficients for the dynamic impact of DGEXPED, DPDEBT, DLGFCF on economic growth have
been given a tighter hierarchical priors distribution.

The second graph of the IRF’s plots in the first row shows that economic growth (ECON) responds
negatively to an unexpected 1% shock on government spending, and the response is significant
and persistent. Government expenditure (DGEXPED) initially has a gradually declining impact on
economic growth (ECON) of about 0.25% from period zero to period two. This then converges to
positive, but below the steady-state region, after which it reverses back to a steady-state region.
The impulse response signifies that the impact of an unexpected shock on government
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Figure 5. Unconditional fore-
casts for all variables employed
in this study.

Source: Author’s calculation
based on South African Reserve
Bank (2020).
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expenditure lasts for a longer period of time, which is estimated to be 10 lags. This further supports
what has been observed in Figures 1 and 2 in the first section.

The results are plausible and consistent with the existing literature such as that of Karagoz and
Keskin (2015) for Turkey; Babalola (2015) for Nigeria, and Makhoba et al. (2019) for South Africa.

The argument behind the negative impact of government expenditure on the South African
economy is twofold: 1) It is due when there is an injection of government spending, which
contributes towards an increase in interest rates. These high interest rates lead to a crowding-
out effect on private investment. Thus, government expenditure is subject to the law of
diminishing returns, which means additional expenditure will result in a decline in the economic
growth rate. Consequently, economic fragility would be expected if the country is facing such
a process, which will automatically lower investment and then disturb the competent distribu-
tion of resources. 2) It could be that a large portion of government expenditure is directed
towards social consumption (healthcare systems, public education, and social security) in South
Africa rather than productive economic institutions like investing in technological advancement
and innovation and infrastructure development, which are more crucial to promoting long-term
economic growth in developing countries.

A further decline was reported in economic growth as the result of an unexpected shock to
public debt. Following a one percent standard deviation shock to public debt (DPDEBT), has
a gradually declining impact on economic growth (ECON) of about 0.6% from period zero to period
two, then converges to a positive but below the steady-state region, then reverses back to the
steady-state region.The impulse response signifies that the negative impact of an unexpected
shock on public debt lasts for a longer period of time but dies after 10 lags, and the shock is
significant and persistent. The results further support what had been observed in Figures 1 and 2 in
the first section. The results are plausible and consistent with several economic literatures (Sokbae
et al., 2017 for advanced countries; Ndoricimpa, 2020 for African economies). The logic behind the
negative impact of public debt on the South African economy could be that the accumulation of
public debt as a result of fiscal measures taken to stimulate economic activity during the global
financial and economic crises of 2008 can be associated with a potential negative effect on future
economic growth and stability (Mencinger et al., 2015).

Lastly, a positive response in economic growth was reported as a result of an unexpected shock on
investment (DLGFCF). Following a 1% standard deviation shock on DLGFCF initially had a positive
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impact on economic growth (ECON) of about 0.25% from period zero to period two. This then
converged to a negative, but above the steady-state region, after which it reversed back to a steady-
state region. This impulse response signifies that a positive impact of an unexpected shock on
investment lasts for a longer period, but dies after 8 lags and the shock is significant. The results
are plausible and consistent over several studies such as Pelin and Taner (2017) and Zungu et al.
(2020). The argument is that the neoclassical theory assumes that the economy grows at a constant
rate, implying that more investment is required for labour productivity. This implies that the growth
rate of output in the steady state is exogenous and independent of the saving rate (Dornbusch et al,,
2014). In addition, the neoclassical theory asserts that technological progress enhances the produc-
tivity of labour. Finally, the neoclassical theory believes in convergence, which means that if countries
have the same population growth, saving rate and production function, they will attain the same level
of output. This means that countries are poor due to lack of capital; however, should they save like
richer countries and have technological access they would be on par (Domar, 1946).

4.2.3. Unconditional forecasts of the Bayesian VAR for 2.5 years prior

We further generate unconditional forecasts of the endogenous variables for a 2 years and
6 months period prior to the mean adjusted BVAR, following Kuschnig and Vashold (2019), as
demonstrated in Figure 5. The unconditional forecasts are for economic growth, government
spending, government debt and investment. The shaded areas refer to the 90% and the 68%
credible sets. According to our model, economic growth (ECON) is expected to continuously
decrease to about 40% in the next 10 quarters (2 years and 6 months).

This finding signifies the disaster incurred in our economy as a result of the current health crisis
(COVID 19). Government expenditure seems to be not clear on how it is going to behave in the next
10 quarters (2 years and 6 months), as its impact is not significant. Over the same period the
unconditional forecasts show that government debt is expected to continuously rise to above 15%
of GDP for the next 10 quarters (2 years and 6 months). It is not surprising to see that the
unconditional forecasts of the investment show that the investment is expected to decrease to
approximately 55% in the next 10 quarters (2 years and 6 months). The results illustrate that the
South African economy seems to be more exposed to shocks in fiscal policy, affecting both
economic growth and investment.

4.3. Conclusion and policy recommendation

The current study provides sufficient evidence of a significant negative relationship between govern-
ment expenditure and government debt and economic growth in South Africa. The findings of the
study yield that economic growth responds negatively to an unexpected shock on fiscal policy
(through government expenditure and public debt) and its impact is significant and persistent. The
results are plausible and consistent with the existing literature such as Masca et al. (2015) for EU
economies, Babalola (2015) for Nigeria, Bobasu (2016) for Romania and Olaoye et al. (2020) for
Nigeria. However, the response was felt after 4 period lags and further sustained for a long-term
period. The results further validate the importance of investment in uplifting the South African
economy, as it shows that investment is an important driver of growth in South Africa, since there
is a positive response in economic growth as a result of an unexpected shock on investment.

We also take the BVAR analysis forward by generating a 10 quarters (2 years and 6 months)
period of unconditional forecasts for the endogenous variables, using the mean adjusted BVAR,
following Kuschnig and Vashold (2019). The unconditional forecasts for the mean adjusted BVAR
demonstrate that both economic growth and investment are expected to experience a severe
decline in the near future, over a 10 quarters (2 years and 6 months) period, while public debt is
expected to experience a sharp increase. The forecast for government expenditure is ambiguous.
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The study proposes that policy-makers should focus on promulgating macroeconomic policies
that will attract investment consistent with job creation and economic expansion in South Africa’s
economy. This further supports the fact that the South African economy does not need more
government intervention through expansionary fiscal policy in the form of excessive government
expenditure, as that tends to cause economic contraction. Furthermore, a conducive and invest-
ment-friendly environment is paramount, which would then be expected to create more jobs, and
ultimately promote long-term sustainable economic growth in the South African economy. The
current study was limited in its ability to identify the impact shock of fiscal policy variables on
economic growth in South Africa. However, there is a growing body of literature that believes that
there is nonlinearity between fiscal policy variables and economic growth. Therefore, we suggest
that future research should focus on a comparative study where South Africa is compared to
emerging economies. The STA model will be appropriate in finding the threshold effect in a time

series context.
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