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Abstract: This paper investigates the effects of macroeconomic uncertainty on economic growth in the
presence of fiscal consolidation in South Africa. Markov-switching dynamic regression (MSDR) and
time-varying parameter vector autoregression (TVP-VAR) were performed using time series data from
1994 to 2022. Less attention has been given directly to the investigation of macroeconomic uncertainty
in different regimes of economic growth in South Africa. Three states are found for economic
growth, with mean growth rates of negative 6.29% and positive 3.90% and 1.47%, respectively.
Macroeconomic uncertainty was found to have a negative impact of 6.72%, 4.38%, and 3.08% in
states 1 to 3, respectively. Fiscal consolidation provided an accommodative policy, as it reduced
the negative impact of macroeconomic uncertainty by 3.17%, 1.80%, and 0.92% in states 1 to 3,
respectively. However, fiscal consolidation does not completely reduce the negative impact of
macroeconomic uncertainty. The transition probabilities of economic growth moving and returning to
the same states are 29.46%, 34.07%, and 58.02%, in each state, respectively. The time-varying impulse
response functions showed that the shock of macroeconomic uncertainty harms economic growth.
Nevertheless, the multiplier effect is not large; however, the economy operates below equilibrium and
does not restore equilibrium after the effect of macroeconomic uncertainty. This reflects that it takes
time for macroeconomic uncertainty to filter out of the South African economy. It is recommended
that fiscal consolidation be considered as an accommodative fiscal policy to reduce macroeconomic
uncertainty but not as a main policy for economic growth.

Keywords: fiscal consolidation; macroeconomic uncertainty; economic growth; cyclical adjusted
primary balance (CAPB); Markov-switching dynamic regression (MSDR); time-varying vector autore-
gressive (TA-VAR)

JEL Classification: E6; E61; E62; F43; F62

1. Background

There is growing interest among scholars in investigating the impact of macroeconomic
uncertainty on economic growth, which includes the following investigations: Mandeya
and Ho (2021), and Balcilar et al. (2022), among others. However, no consensus has been
reached as to the impact of macroeconomic uncertainty on economic growth, as both pos-
itive and negative results are found (Mumtaz and Theodoridis (2018), Gupta and Jooste
(2018), Redl (2018), Olanipekun et al. (2019), Mandeya and Ho (2021), and Balcilar et al.
(2022). Macroeconomic uncertainty refers to a lack of knowledge about the set of possible
effects and their related probabilities because the final results are highly particular or
complex, which makes forecasting difficult (Bloom 2014). One of the broad measures of
macroeconomic uncertainty is the world uncertainty for the South Africa index (WUI).
Less attention has been given directly to the investigation of macroeconomic uncertainty in
different regimes of economic growth in the presence of fiscal consolidation in South Africa.
The main contribution of this paper to fill that gap. The thinking around fiscal consolidation
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is that government expenditure cuts and tax increases will result in a fall in debt because
present, forwards-looking economic agents will anticipate a reduction in tax and interest
rates. This will increase permeant income as well crowed-in investment; as such, there will
be an increase in economic activities, leading to higher economic growth and higher tax
collection that can be used to reduce government debt (Alesina and Ardagna 2010; Mankiw
2019). One of the broad measures of discretionary government intervention to reduce
the government debt that defines fiscal consolidation episodes is the cyclically adjusted
primary balance (CAPB). The measure is concerned with the identification of discretionary
fiscal policy changes in tax and government expenditure by filtering out changes that
are due to economic fluctuations in tax as well as government expenditure (Alesina et al.
2019). The investigation of aggregate effects of global uncertainty with evidence from an
emerging economy including South Africa was undertaken by Ahiadorme (2022) using vec-
tor autoregressions (VARs). It was discovered that shocks related to global unpredictability
are a significant cause of economic fluctuations. Additionally, the predicted macroeconomic
uncertainty harms the financial and stock markets and significantly explains the cyclical
downturn in economic growth.

In 2014, the Financial and Fiscal Commission (FFC) in South Africa recommended
more fiscal consolidation stances to restore the fiscal position to increase economic growth
and reduce government debt (BR 2014). The FFC recommendation outlined that “Fiscal
consolidation can no longer be postponed. Ensuring continued progress towards a better life
obliges the government to safeguard public finances by acting within fiscal limits that can be
sustained over the long term. To do otherwise would risk exposing the country to a debt trap, with
damaging consequences for development for many years to come” (MTBPS 2014). The Fiscal
Responsibility Bill (FRB) was tabled for discussion in the parliament of SA in 2018. The
bill seeks to introduce government expenditure cuts, limit new government borrowing,
maintain an expenditure ceiling, and eliminate wasteful expenditure (FRB 2018). In 2019,
the International Monterey Fund (IMF), Standard and Poor’s, Moody’s, and Fitch stressed
that SA needs to implement a credible fiscal strategy and fiscal consolidation to contain the
rise in government debt. This recommendation came with concern that the country is faced
with high government debt and that there is policy uncertainty (IMF 2020).

Despite this effort, the economic growth is at the mean rate of 2.43%, which is below
the 5% stipulated in the South African macroeconomic policy of the National Development
Plan in 2013 (National Planning Commission 2013). It is against this background that it is
critical to investigate the dynamics of macroeconomic uncertainty in different regimes of
economic growth in the presence of fiscal consolidation in South Africa. The key questions
of this paper are as follows: What is the impact of macroeconomic uncertainty in different
regimes of economic growth in the presence of fiscal consolidation in South Africa? How
long will economic growth be at a higher rate and a lower rate? What is the probability of
transitioning to different regimes of economic growth in the presence of fiscal consolidation
and macroeconomic uncertainty? What is the impact of macroeconomic uncertainty and
fiscal consolidation shocks? Given the questions of this paper, the hypotheses are as follows:

Null: Macroeconomic uncertainty has no impact on different regimes of economic growth in the
presence of fiscal consolidation.

Alt: Macroeconomic uncertainty has an impact on different regimes of economic growth in the
presence of fiscal consolidation.

Null: There is no probability of transition to different regimes of economic growth rate.
Alt: There is the probability of transition to different regimes of economic growth rate.
Null: Macroeconomic uncertainty shock has no impact on economic growth.
Alt: Macroeconomic uncertainty shock has an impact on economic growth.

Three states are found for economic growth, with a negative mean rate of 2.349%
and positive means of 1.129% and 3.679%, respectively. Macroeconomic uncertainty was
found to have a negative impact of 6.729%, 4.385% and 3.080% in states 1 to 3, respectively.
Fiscal consolidation provided an accommodative policy, as it reduced the negative impact
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of macroeconomic uncertainty by 3.57%, 1.996% and 0.92% in states 1 to 3, respectively.
However, fiscal consolidation does not completely reduce the negative impact of macroe-
conomic uncertainty. The result reflected that the economy is expected to stay for 1 year,
2 years, and 3 years in the respective state. The transition probabilities of economic growth
moving and returning to the same states are 29.46%, 34.07% 58.02%, respectively. The
time-varying impulse response functions showed that macroeconomic uncertainty harms
economic growth. Nevertheless, the multiplier effect is not large; however, the economy
operates below equilibrium and does not restore equilibrium after the impact of macroeco-
nomic uncertainty. This reflects that it takes time for macroeconomic uncertainty to filter
out of the South African economy. It is recommended that fiscal consolidation be used in
accommodative fiscal policy to reduce macroeconomic uncertainty.

The paper structure is as follows: Section 2 outlines the literature review. Section 3
discusses the methodology. Section 4 discusses empirical results. Finally, Section 5 outlines
the conclusion and recommendations of this paper.

2. Literature Review
2.1. Macroeconomic Uncertainty and Economic Growth

According to Kumo (2006), time-varying macroeconomic uncertainty was found to
significantly reduce private fixed investment. Fountas and Karanasos (2006) found a
macroeconomic uncertainty proxy in the conditional variance of the shocks to the output
growth series. It was found that macroeconomic uncertainty had a positive determinant of
growth in Germany and Japan. However, uncertainty harmed output growth in the United
States of America using the generalized autoregressive conditional heteroskedasticity
(EGARCH) model. Bloom (2009) investigated the macro uncertainty shock, which was
simulated using the parameterized model. It was found that uncertainty shock leads to a
sharp decline and subsequent rebound in total production as well as employment. It was
noted that this happens as a result of businesses temporarily pausing their employment and
investment due to increased uncertainty. Bredin et al. (2009) argue that there is evidence
implying that macroeconomic uncertainty may even improve macroeconomic performance
in five Asian countries by raising the output growth and reducing inflation. Bredin and
Fountas (2009) outline that most of countries’ uncertainty regarding the output growth
rate is related to the average growth rate, and the effect in several countries is negative.
Second, in half of the cases, there is no significant relationship between inflation uncertainty
and output growth performance. Fatima and Waheed (2011) argue that macroeconomic
uncertainty has significant negative effects on investment and per capita income. Baker and
Bloom (2013) note that the first and second moments are highly significant in explaining
GDP growth, with second moment shocks accounting for at least half of the variation in
growth. Variations in higher moments of stock market returns appear to have little impact
on growth. Johannsen’s (2014) view is that uncertainty about fiscal policy can cause large
declines in consumption, investment, and output when the zero lower bounds (ZLB) bind.

According to Mumtaz (2016), since the implementation of inflation targeting, the effect
of uncertainty shocks on interest rates and output has also begun to decrease over time in
the United States of America. Bhagat et al. (2016) found that economic uncertainty has a
negative impact on the gross domestic product. It was noted that, if uncertainty decreases,
the GDP increases by 0.56%. Following Baker and Bloom (2013), Baker et al. (2016) investi-
gated measuring the economic policy uncertainty transmission mechanism. It was found
that economic policy uncertainty creates an unfavourable investment climate that increases
the risk premium of financial assets and reduces economic growth. Berger et al. (2017)
investigated macroeconomic uncertainty using a dynamic factor model in 20 industrialized
economies. They found that, in most economies, macroeconomic uncertainty had a depend-
ably undesirable influence on the global output growth and a positive effect on inflation.
Kotze (2017) used DSGE shocks on key macroeconomic variables. The identification of
these shocks is derived from a stochastic volatility model that is applied to the policy
rules for each fiscal instrument. The results suggest that fiscal volatility shocks produce
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prolonged contractions in economic output, consumption, and investment. In addition, the
labour market is also negatively affected, while gross markups and inflation increase. The
author noted that these results suggest that fiscal volatility shocks have had an important
adverse effect on economic activity in South Africa.

Mumtaz and Theodoridis (2017) used a model-extended augmented VAR that allows
for both parameter and error variance variation across time, which closes gaps and allows
them to study the time-changing impact of uncertainty shocks on the US economy. They
discover that, whereas the short-term interest rate and inflation have been relatively steady
throughout time, the impact of uncertainty shocks on US financial and real activity vari-
ables has moderated over time. Mumtaz and Theodoridis (2018) investigate the potential
nonlinearities related to the impact of uncertainty shocks but do not examine whether the
impact experiences gradual changes over time. Gupta and Jooste (2018) investigated the
macroeconomic effects of uncertainty shocks in India, constructing a structural model that
decomposes uncertainty into positive and negative contributions. They find that an increase
in uncertainty results in a reduction in prices and industrial production, increases interest
rates, and fosters exchange rate depreciation, while a decrease in uncertainty reduces
prices, increases industrial production, fosters exchange rate appreciation, and slightly
increases interest rates. However, they find that the macroeconomic response to uncertainty
is insignificant. Redl (2018) found that macroeconomic uncertainty significantly results in
evidence of the new Keynesian model, because the use of nominal rigidities induces firms
to raise prices as a precautionary measure when future demand becomes more uncertain.

An investigation of macroeconomic uncertainty in South Africa was undertaken by
Redl (2018). Using the New Keynesian DSGE model, it was found that an unanticipated
rise in the uncertainty index is associated with a decline in output of 1% after 1 year and
1.5% after 1.5 years. Olanipekun et al. (2019) used global and domestic economic policy
uncertainty in data from the Brazilian, Russian, Indian, and Chinese economies. They found
the direction of the causal relationship direction to be from global and domestic economic
policy uncertainty to the output and exchange rate. Balcilar et al. (2021) discovered
that, although the decline in productivity following an uncertainty shock is considerably
more obvious during calm periods than during stressful periods, it is also significantly
more sustained during these challenging financial times. Kisten (2020) investigated the
macroeconomic implications of uncertainty in South Africa using the VAR model. It
was found that a constant parameter in the VAR model macroeconomic implications of
uncertainty that led to a fall in industrial production. Similarly, the time-varying impulse
responses reflected the macroeconomic implications. Binge and Boshoff (2020) found that
economic uncertainty exhibits a significant negative correlation with real GDP growth in
South Africa. The shock of economic uncertainty results in lower economic growth for 9
years, until the economic growth rate reaches equilibrium in year 9.

Madanizadeh and Setayesh (2020) found that macroeconomic uncertainty hinders the
economy’s development and showed that a one standard deviation increase in macroeco-
nomic uncertainty reduces the GDP by approximately 1.5% and productivity by approxi-
mately 3.5%. Mandeya and Ho (2021) noted that macroeconomic uncertainty has a positive
impact on the output growth rate in a low-growth regime in G7 countries using the smooth
transition EGARCH-M mode. On the other hand, inflation uncertainty diminishes growth
rates, mainly in a high-inflation regime. Mandeya and Ho (2021) found that uncertainty
regarding inflation harms economic growth in SA. Using the autoregressive distributed
lag (ARDL), a 1% increase in inflation uncertainty was shown to result in a 0.0025% fall in
economic growth. Wu and Wang (2021) studied the data of 2814 Chinese companies and
pointed out that oil price uncertainty effects investment negatively, which has a harmful
effect on economic growth. Long and Zhang (2022) employed the nonlinear autoregressive
distributed lag (NARDL) model to investigate the asymmetric effects of uncertainty in
international oil prices price on consumption. It was noted that consumption is negatively
affected in the presence of oil price uncertainty. Balcilar et al. (2022) used Granger causality
and found that there is a flow from economic policy uncertainty (EPU) to the GDP in
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Brazil, Chile, India, and Mexico. They proposed that monetary and fiscal authorities should
implement news-based rejoinders to counteract the purely speculative components of
news-based EPU. In a TVP-VAR model adopted by Tunc et al. (2022), it was found that the
responses of economic uncertainty to GDP shocks were consistently negative at different
time horizons.

2.2. Fiscal Consolidation and Growth

Giavazzi and Pagano (1995), IMF (2010), and Alesina and Ardagna (2010), among
others, found that fiscal consolidation reduces government debt and stimulates economic
growth. Swanepoel and Schoeman (2003) note that an analysis of the countercyclical fiscal
policy in South Africa suggested that implementing fiscal consolidation at a high level of
government debt will result in a 0.4% fall in the government debt. Ghosh et al. (2013) point
out that there is “fiscal fatigue” by outlining three states of government debt. Alesina and
Ardagna (2010) find that a one percentage point higher government spending on GDP
leads to a 0.75% point lower growth. Based on the neoclassical proposition, fiscal loosening
can cause adverse effects on productivity. Bi et al. (2013) find that the composition of fiscal
consolidation, its duration, and the monetary policy stance argue that the conditions that
could render fiscal consolidation efforts expansionary are unlikely to apply in the current
economic environment. Fiscal consolidation at low debt levels is more surprising than that
undertaken in response to sustained increases in debt. Ball (2014) notes that austerity varies
substantially with the country-specific idiosyncrasies of OECD countries. They found that
countries with large losses of potential output are already in a bad growth trajectory due to
the inherited weakness, and that it is made worse by the prolonged austerity.

Jordà and Taylor (2016) found that a 1% fiscal consolidation translates into a loss of
3.5% of real GDP over five years when implemented in a slump, rather than just 1.8%
in a boom. Burger and Jimmy (2006) provided evidence that there are two regimes of
government debt with a mean of 27.4% and a value of 67% with transition probabilities of
92.5% and 75%, respectively. The fiscal consolidation policy of government expenditure
cuts reduces government debt. Auerbach and Gorodnichenko (2017) found that the fiscal
consolidation of the government expenditure cut resulted in a 2.80% fall in government
debt in a boom period. Heimberger (2017) noted that the link between cumulative real
GDP growth and fiscal consolidation measures points to a strong negative association with
deep economic crises. Brady and Magazzino (2018) showed that, in different regimes of
high government debt, fiscal consolidation can be successful in the event of a build-up in
public debt.

Gechert et al. (2019) estimated the long-term effects of austerity measures on potential
output growth. Gechert et al. (2019) investigated the long-term effects of fiscal stimulus
and austerity in Europe. The results reflect that there are negative shocks with impacts
on economic growth trigged by fiscal consolidation. It was concluded that the fiscal
consolidation was badly timed and thus not only deepened the crisis but may have caused
evitable hysteresis effects. Bardaka et al. (2021) found that the existence of more persistent
austerity affects total factor productivity (TFP). They note that increases in the CAPB
(proxy fiscal tightening) in OECD countries are found to decelerate the rate of TFP by
0.46% annually. Gründler and Potrafke (2020) concluded that, when seen from a complete
long-run perspective, constitutional fiscal regulations have fostered prosperity both in more
recent decades and in the centuries that followed the start of the Industrial Revolution.
Additionally, fiscal regulations work well at both the national and subnational levels,
increasing the per capita GDP over time by an average of 18%. Cogan et al. (2020) showed
that taxes and other government spending were responsible for keeping the existing level
of debt relative to the GDP. The models demonstrate that the fiscal consolidation plan raises
yearly GDP growth over the long and short terms by around 7% and 10%, respectively.

Ardanaz et al. (2021) found that, in countries with either no fiscal rule or with a rigid
fiscal rule, a fiscal consolidation of at least 2% of the GDP is associated with an average
10% reduction in public investment. Bardaka et al. (2021) provided data to show whether
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austerity causes shifts in the economy’s supply side that could have an impact on the rate
at which productivity grows. They discovered a long-run negative link between fiscal
consolidation and total factor productivity, notably for spending-based austerity, using a
panel dataset of 26 OECD nations over the period from 1980 to 2016 and applying panel
vector autoregressive model and panel cointegration approaches. Caselli and Reynaud
(2020) investigated the causal effect of fiscal rules on fiscal balances in a panel of 142
countries over the period of 1985 to 2015. It was found that the mere existence of fiscal
rules correlates with lower deficits and economic growth. Chen et al. (2022) examined how
the volatility in stock prices and oil prices affected British companies’ investment spending.
The findings further revealed a U-shaped association with economic growth triggered by a
nonlinear link between business investment and oil price uncertainty.

Bournakis and Ramirez-Rondan (2022) investigated macroeconomic uncertainty
regimes and economic growth in OECD countries. They found that a low macroeco-
nomic uncertainty regime and fiscal consolidation had little or irrelevant negative economic
growth. On the other hand, macroeconomic uncertainty in a high regime has a large nega-
tive effect on output. Mtibaa et al. (2022) investigated the fiscal adjustment of public debt
and economic growth. It was found that fiscal consolidation is likely to end successfully
only under specific conditions. Fiscal consolidation is found to have a significant impact
on economic growth. Herwartz and Theilen (2022) analysed how the European Stability
and Growth Pact (SGP) has affected the fiscal changes suggested by the narrative. The
storytelling technique was used to identify fiscal consolidation strategies. There is no proof
that fiscal policy has grown more procyclical, it was discovered. Additionally, fiscal con-
solidation and expenditure cutbacks boost economic development, but tax increases have
little effect. Olaoye and Olomola (2022) analysed the public debt structure of Sub-Saharan
Africa’s five largest economies, including South Africa. The Markov-switching model was
used, and it was found that the first regime of South Africa had 31.43% and the second
regime had 45.71%, with the expected durations of 13 and 10 years in the respective regime.
However, they were silent on the use of fiscal consolidation to stabilize the debt. The proba-
bilities of transitioning from state 1 to 1 and 2 to 2 are at least 0.92 and 0.93, respectively, in
all five countries. Mtibaa et al. (2022) suggested that, according to empirical data, Tunisia’s
fiscal adjustment may have a negative impact on the country’s economy in both the short
and the long term due to its contractionary influence on economic growth. The presence of
a unidirectional nonlinear Granger causation connecting fiscal consolidation with economic
growth is another significant conclusion.

3. Methodology

This paper uses quantitative analysis to investigate the impact of macroeconomic
uncertainty on different regimes of economic growth in the presence of fiscal consolidation
in South Africa. The economic variables used are reflected in Table 1.

The models adopted in this paper are the Markov-switching dynamic regression model
(MSDRM) and time-varying vector autoregressive (TA-VAR) model using time series data
from 1994 to 2022. The MSDRM is used because it provides attractive features of transition
over a set of finite regimes (Hansen 1996). This is important because this study seeks to
investigate the impact of macroeconomic uncertainty in different regimes of economic
growth in the presence of fiscal consolidation. The TVP-VAR model is adopted because
it is effective in answering the question of the time-varying impact of macroeconomic
uncertainty on different regimes of economic growth in the presence of fiscal consolidation
in South Africa. TVP-VAR provides coefficients that are time-varying (Koop and Korobilis
2018), reflecting the responsiveness of economic growth over time when there is a change
in the macroeconomic uncertainty in the presence of fiscal consolidation. The TVP-VAR
model was used by Primiceri (2005), Nakajima (2011), and Koop and Korobilis (2018),
among others. The data are sourced from the South African Reserve Bank (SARB), Fed
USA, IMF, and World Bank worldwide governance indicators. However, these scholars
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have used the model for monetary policy in their paper for macroeconomic uncertainty
and fiscal consolidation analysis.

Table 1. Economic variables.

Economic Variables Description Sourced

GDP Gross domestic product South African Reserve Bank
AOLR Average output labour ratio South African Reserve Bank
AKR Average output capital ratio South African Reserve Bank
WUI World uncertainty for South Africa index Fed USA, Ahir et al. (2022)

CAPB Cyclical adjusted primary balance (proxy fiscal
consolidation). International Monetary Fund IMF (2020)

VSP The volatility of the stock price index for South Africa Fed USA, Baker et al. (2019)
EMV Equity market volatility tracker: Fiscal policy, index Fed USA
EPU Economic policy uncertainty index: Monetary policy Fed USA
SWUI Smoothed world uncertainty index for South Africa Fed USA, Ahir et al. (2022)
GEPR Government Effectiveness: Percentile WB, Worldwide Governance Indicators

PSAV Political Stability and Absence of Violence/Terrorism:
Standard Error WB, Worldwide Governance Indicators

CAPB_STB_DUMMY
The dummy variable of a proxy structural break for Cyclical
adjusted primary balance (which measures fiscal
consolidation).

Estimated

WUI_STB_DUMMY Dummy variable of a proxy structural break for World
uncertainty for the South Africa index Estimated

The data sourced: SARB (2022), World Bank (2022), IMF (2020), and Fed USA (2022).

3.1. Theoretical Framework

This framework is used because it offers flexibility in the inclusion of other economic
variables. The Cobb–Douglas production is given by Equation (1).

Y = ALα−1̂Kα (1)

where Y is output, L is labour, K is capital, A is a positive constant, and α are constants
between 0 and 1 (Rasmidatta 2011). However, for this paper, the above Cobb–Douglas
will be extended with other economic variables, such as WUI and CAPB, as reflected in
Equation (2).

GDPt = AOLRt + AKRt + WUIt + CAPBt + ∑
1=n

Xt (2)

where X is the vector of the controlling variables, which include VSP, EMV, EPU, SWUI,
GEPR, PSAV, CAPB_STB_DUMMY, and WUI_STB_DUMMY. Equation (2) has been
extended with the inclusion of the proxies of macroeconomic uncertainty.

3.2. Model Specification MSDR Model

The Markov-switching dynamic regression is used for series that are believed to
transition over a finite set of unobserved regimes, allowing the process to evolve differently
in each state. The transitions occur according to a Markov process, from one state to another,
and the duration between the changes in the state is random (Hansen 1996, 2000). Given
an economic data series denoted by yt, where t = 1, 2, . . . , and T is characterized by two
regimes, such an economic data series can be represented by Equations (3) and (5).

State1 : yt = µ1 + εt (3)

State2 : yt = µ2 + εt (4)

State3 : yt = µ3 + εt (5)

where µ1 and µ2 are the intercept terms in state 1 and state 2, respectively, and εt is a white
noise error with variance σ2. The two-regime model shifts in the intercept term (Hamilton
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1989, 1990). If the timing of the switches is known, the above model can be expressed as in
Equation (6).

yt = stµ1 + (1− st)µ2 + εt (6)

The subscript st is 1 if the process is in state 1 and 0 otherwise. Markov-switching
regression models allow the parameters to vary over the unobserved regimes. The MSDR
model with a state-dependent intercept term is reflected in Equation (7).

yt = stµ2 + εt (7)

where µst is the parameter of interest; µst = µ when st = 1, µst2 = µ2 when st = 2, and
µst3 = µ3 when st = 3. The probabilities of being in each state can be estimated using
transition probabilities. One-step transition probabilities are given by pst, st + 1, so, for
a two-state process, p11 denotes the probability of staying in state 1 in the next period
given that the process is in state 1 in the current period. Likewise, p22 and p33 denote
the probabilities of staying in state 2 and state 3, respectively (Hansen 1996, 2000). The
probabilities of transitioning from one state to another can be presented in matrix (8).

P =

p11 p12 p13
p21 p22 p23
p31 p32 p33

 (8)

The theoretical framework outlined in Equation (2) is then extended in the Markov-
switching dynamic regression, as reflected in Equation (9).

GDPt =


β11 + β21 AOLRt + β31 AKRt + β41WUIt + β51CAPBt + β61 ∑

1=n
Xt + e1t

β12 + β22 AOLRt + β32 AKRt + β42WUIt + β52CAPBt + β62 ∑
1=n

Xt + e2t

β13 + β23 AOLRt + β33 AKRt + β43WUIt + β53CAPBt + β63 ∑
1=n

Xt + e3t

(9)

where Equation (9) reflects the impact of macroeconomic uncertainty on economic growth
in the presence of fiscal consolidation.

3.3. Model Specification TVP-VAR Model

The TVP-VAR model is adopted because it is effective in answering the question of this
paper, which is related to finding the time-varying impact of macroeconomic uncertainty on
different regimes of economic growth in the presence of fiscal consolidation in South Africa.
The TVP-VAR model provides coefficients that are time-varying (Koop and Korobilis
2018), reflecting the responsiveness of the CAPB components that can be attributed to
fiscal consolidation. Sims (1980) developed the basic VAR model that was extended by
Primiceri (2005), which incorporates time-varying parameters. Nakajima (2011) further
improved the framework. The TVP-VAR is built from the framework of the structural
vector autoregressive (SVAR) model, which is then reduced to the vector autoregressive
(VAR) model. The SVAR is reflected in Equation (10).

Ayt = β0 + β1yt−1 + β1yt−2 + β1yt−3 + · · · βpyt−p + Cet (10)

where A is the contemporaneous relationships between the endogenous variables n ∗ n
matrix and p shows the number of variables in the system. The subscripts yt, yt−1, yt−2,
and yt−p reflect a matrix n ∗ 1 vector of endogenous variables, β0 is the intercept, β1, β2, β3,
and βp reflect the time-invariant coefficients explained by the matrix n ∗ n, t− p, indicating
the order of autoregression or several lags, and structural shocks in the system are denoted
by E(et = 0) of the vector that has uncorrelated or orthogonal structural disturbances with
a zero mean in a matrix n ∗ 1 (11).
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E
(
et, e′t

)
∑

e
=


σ2

et1
0 · · · 0

0 σ2
et2
· · ·

...
...

...
. . . 0

0 0 · · · σ2
etn

 (11)

where σ is the standard deviation, and it is assumed that structural shocks follow a recursive
identification pattern, with A taking on a lower triangular matrix (12).

A =


1 0 · · · 0

a2,1
. . . . . .

...
...

. . . . . . 0
an,1 · · · an,p−1 1

 (12)

The SVAR model is transformed through the multiplication of the contemporaneous
matrix A−1 across all perimeters and is expressed in Equations (13) to (15).

A−1 Ayt = A−1β0 + A−1β1yt−1 + A−1β2yt−2 + A−1β3yt−3 + A−1βpyt−p + A−1
t Cet (13)

A−1 Ayt = F0 + A−1F1yt−1 + A−1F2yt−2 + A−1F3yt−3 + A−1Fpyt−p + A−1 ∑
e

t (14)

εt ∼ (N0, In) (15)

where A−1Fi = β1 for i = 1 · · · p and ∑e t is the diagonal matrix denoting the distur-
bance term. The study used the rationale of Primiceri (2005) denoted by Xt = Is ⊗(

0, y′t−1,y
′
t−2, . . . , y′t−p

)
, β =

(
F0, F1, F2, F3 . . . .Fp

)
, where ⊗ denotes the Kronecker product.

The reduced form VAR is reflected in Equation (16).

yt = β0 + βXt + A−1 ∑
e

t (16)

The dynamic characteristics of variable interaction and the specification in Equation (16)
are further extended to the TVP-VAR, allowing the parameters in Equations (17) to (21).

yt = βtX′t + At
−1 ∑

e
t (17)

GDPt = β1t + β2t AOLRt + β3t AKRt + β4tWUIt + β5tCAPBt + β6t ∑
1=n

Xt + At
−1 ∑

e
t + e1t (18)

βt = Φβt−1 + vt (19)

at = at−1 + ςt (20)

ht = ht−1 + ξt (21)

where yt = X′t−1 indicates that the variables of interest are explained by the lag function
itself, and βt, at, and ht are the evolution of the time-varying parameters following the
first-order random walk process as proposed by Primiceri (2005) and Koop and Korobilis
(2018). βt is the time-varying coefficient, Φ is phi, at is the evolution sequence of structural
information, and ht is the evolution sequence of stochastic volatility. On the other hand,
vt ∼ N

(
0, Ωβ

)
, ςt ∼ N(0, Ωa), and ξt ∼ N(0, Ωh) denote a new error term note correlated

with the matrix (22).

V = Var =


t
vt
ςt
ξt

 =


In 0 0 0
0 Ωβ 0 0
0 0 Ωa 0
0 0 0 Ωh

 (22)
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The paper follows Primiceri (2005) and Koop and Korobilis (2018) in selecting training
samples to find the prior information using the ordinary least squares (OLS) algorithm.
This information on coefficients is factored in the Monte Carlo Markov Chain (MCMC) in
an effort to investigate the time-varying parameters. In the MCMC, the Gibbs sampling
algorithm is used to fix high dimensionality. The MCMC discussed above can be expressed
in phases one to five: phase 1 has β, a, h, V, phase 2 has β| a, h, V , y; Ωβ

∣∣β , phase 3 has
a|β , h, V , y; Ωa|a , phase 4 has h|β, a , V, y; Ωh|h , and phase 5 returns to phase 2.

4. Result

Table 2 shows the descriptive statistics of economic variables from 1994 to 2022. The
GD is found to have a mean of 2.43%. The level of AOLR is found to have an average
of 1.07% between 1979 and 2022. The AKR is found to have a mean of 0.30%. The WUI
is found to have a rate of 0.39% over the period reflecting the mean. Finally, the CAPB
is found to be 0.30% between 1994 and 2022 on average. There is an indication of the
skewness used to test for normal distribution. The Pr(Skewness) reflect that all economic
variables except GDP and WUI fail to reject the null; therefore, it can be concluded that the
economic variables are normally distributed.

Table 2. Descriptive statistics.

Economic Variable Obs Mean Std. Dev. Min Max

GDP 28 2.439286 2.408832 −6.3 5.6
AOLR 29 1.077103 1.699371 −2.41751 4.22754
AKR 29 0.306032 1.986146 −2.24295 5.218176
WUI 29 0.39597 0.36326 0.012646 1.34288
CAPB 29 0.308144 1.946491 −1.87511 3.379194
VSP 24 18.84893 5.239903 11.15663 34.10648
EMV 29 7.273013 1.879457 4.2605 11.10813
EPU 29 87.82544 32.87842 39.49183 168.6201
SWUI 29 3.307203 2.769222 0 8.745708
GEPR 20 9.6 1.353358 7 11
PSAV 20 54.04935 6.614345 33.49057 67.14976

Economic Variables
Skewness/Kurtosis Tests for Normality

Obs Pr(Skewness) Pr(Kurtosis) adj chi2(2) Prob > chi2

GDP 28 0.0005 0.0016 16.33 0.0003
AOLR 29 0.8211 0.9769 0.05 0.9744
AKR 29 0.2782 0.5379 1.68 0.4311
WUI 28 0.0084 0.2046 7.48 0.0238
CAPB 23 0.2548 0.0009 9.93 0.0070
VSP 24 0.0216 0.0872 7.22 0.0271
EMV 29 0.5124 0.3748 1.31 0.5204
EPU 29 0.0754 0.6468 3.69 0.1579
SWUI 29 0.1143 0.2431 4.07 0.1305
GEPR 20 0.1460 0.5411 2.81 0.2448
PSAV 20 0.0235 0.0069 9.98 0.0068

H0 there is a normal distribution. H1 there is no normal distribution.

Table 3 shows the correlations among the economic variables. Correlation is a statistic
that measures the degree to which two variables move in relation to each other. In the
important because it can reflect the direction of the relationship, the form (shape) of the
relationship, and the degree (strength) of the relationship between two variables. All of
the economic variables of interest considered in the paper are found to have a positive
correlation with GDP except WUI. In the variables of interest, WUI has a correlation value
of −0.34 with GDP, this reflects that as the macroeconomic uncertainty increase this will
have detrimental effect on economic growth. On the other hand, fiscal consolidation proxied
by CAPB has a correlation value of 0.60 with GDP, which is the highest among all of the
economic variables. The reflect there are fiscal consolidation can be an accommodative
economic policy in the effort to stimulate economic growth. This is similar to the result of
Alesina and Ardagna (2010) and Bi et al. (2013) among others that concluded that fiscal
consolidation economic variables have a positive correlation with economic growth.
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Table 3. Correlation among economic variables.

Economic Variable GDP AOLR AKR WUI CAPB VSP EMV EPU SWUI GEPR PSAV

GDP 1
AOLR 0.60 1
AKR 0.02 −0.10 1
WUI −0.30 −0.30 0..25 1
CAPB 0.69 0.58 −0.49 −0.47 1
VSP −0.31 −0.05 0.19 −0.36 −0.07 1
EMV −0.30 −0.14 −0.12 −0.05 −0.28 0.22 1
EPU −0.26 −0.12 −0.40 −0.22 0.06 0.45 0.65 1
SWUI −0.47 −0.28 0.26 0.86 −0.53 −0.32 0.15 −0.16 1
GEPR −0.22 −0.17 0.73 0.66 −0.62 −0.26 −0.24 −0.61 0.64 1
PSAV 0.51 0.56 0.40 −0.24 0.25 0.07 0.02 0.04 −0.23 0.09 1

Number of obs = 28.

Moreover, the economic variables that will proxy the macroeconomic uncertainty,
which include VSP, EMV, EMV, SWUI, and GEPR, are found to have a negative cor-
relation with gross domestic product. This correlation reflects that it may be expected
that macroeconomic uncertainty may have a negative impact on economic growth. The
result has been found in research which is reflected in the work of Jordà and Taylor (2016),
Burger and Jimmy (2006), Heimberger (2017), and Brady and Magazzino (2018), among
others. Nevertheless, the correlation result in Table 2 is not the cause result, and the result
to focus on casual effect among economic varies. An important limitation of the correlation
coefficient is that it assumes a linear association. Finally, the variable of PSAV, or political
stability, is found to have a positive correlation with economic growth.

Table 4 shows the Dickey-Fuller test and structural break, the unit root for the economic
variables of interest in the paper. Most of the economic variables are stationary at level I(0),
including the economic variables of GDP, AOLR, EMV, EPU, and PSAV. On the other
hand, the economic variables of D.AKR, D.WUI, D.CAPB, D.VSP, D.SWUI and PSAV
are stationary at the first difference I(1) or first-order condition.

Table 4. Dickey-Fuller test for unit root and structural break.

Economic
Variable

Dickey-Fuller Test for Unit Root
Economic
Variable

Structural Break

Test
Statistics

1% Critical
Value

5% Critical
Value

10% Critical
Value Statistic p-Value Estimated

Break Date

GDP Z(t) −3.96 −3.736 −2.994 −2.628 GDP 46.3843 0.0000 2017
AOLR Z(t) −3.09 −3.73 −2.992 −2.626 AOLR 93.7630 0.0000 2010
D.AKR Z(t) −8.326 −3.736 −2.994 −2.628 AKR 102.3439 0.0000 2012
D.WUI Z(t) −6.286 −3.743 −2.997 −2.629 D.AKR 396.8226 0.0000 2017
D.CAPB Z(t) −3.081 −3.75 −3 −2.63 WUI 44.1641 0.0000 2009
D.VSP Z(t) −4.339 −3.750 −3.000 −2.630 D.WUI 98.7711 0.0000 2017
EMV Z(t) −3.182 −3.730 −2.992 −2.626 CAPB 171.0949 0.0000 2009
EPU Z(t) −3.182 −3.730 −2.992 −2.626 D.CAPB 48.9218 0.0000 2012
D.SWUI Z(t) −6.481 −3.736 −2.994 −2.628 VSP 20.5853 0.0009 2005
D.GEPR Z(t) −3.450 −3.750 −3.000 −2.630 EMV 865.9279 0.0000 1999
PSAV Z(t) −3.410 −3.750 −3.000 −2.630 EPU 219.3194 0.0000 1999

SWUI 81.0897 0.0000 2016
GEPR 9.4851 0.1162 2019
PSAV 5.5143 0.4800 2017

Number of obs = 21 and MacKinnon approximate p-value for Z(t) = 0.0280.

In Table 4, the unit-root tests with structural shifts both indicate a cointegration rela-
tionship between the gross domestic product, labour, capital, macroeconomic uncertainty,
and fiscal consolidation in the period between 1994 and 2022. For the economic variable
that is not integrated at order one (I0). Given theses results in this paper there will be
an estimation that include both the level and the first differences economic variables in
the empirical model. The break points for each economic variable from 1994 to 2022 are
reflected in the column for the estimated break date, which is yearly. The structural breaks
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for the economic variables of interest WUI and CAPB in 2009 can be attributed to the
financial crisis period beginning in 2008.

Table 5 reflects the Markov chain, a dynamic regression model for macroeconomic
uncertainty. In the first state model’s estimation 1, GDP is found to have a mean of negative
6.299%, which is statistically significant at a 1% p-value. On the other hand, under the
economic operating in states 2 and 3, GDP is found to have positive means of 3.910% and
1.476%, respectively, with a statistically significant 1% p-value. These results are similar to
that of Burger and Jimmy (2006); however, they are slightly different given the different
time spent used in this paper. Nevertheless, across all states, no rate of 5% economic growth
is found. This reflects that the South African economy is lagging behind in the effort to
meet its target as stipulated in the National Development Plan of 2013 for the South Africa
National Planning Commission (2013). This reflects that there will be a need for a huge
economic policy intervention in South Africa to achieve the 5% rate.

Table 5. Markov-switching dynamic regression for macroeconomic uncertainty.

Economic Variables
1 2 3 4 5

GDP GDP GDP GDP GDP

AOLR 0.171 ** 0.229 *** −0.128 * −0.228 *
(2.81) (7.08) (−2.25) (−2.53)

AKR 0.737 *** 0.314 *** 0.897 *** 0.751 ***
(10.77) (10.34) (15.83) (5.61)

CAPB_STB_DUMMY 1.962 ***
(4.67)

WUI_STB_DUMMY −3.765 ***
(−7.73)

State1

CAPB 2.127 *** 4.406 *** 2.880 **
(21.68) (14.18) (2.68)

WUI −6.729 *** −0.899 2.220
(−16.65) (−1.86) (1.25)

_cons −6.299 *** −1.243 *** 1.271 *** 2.798 *** −1.772
(−5.43) (−6.39) (4.53) (4.46) (−0.68)

State2

CAPB 0.930 *** 0.707 *** 1.047 ***
(11.94) (4.01) (6.15)

WUI −4.385 *** −0.277 −1.209 **
(−12.25) (−0.82) (−2.68)

_cons 3.910 *** 0.879 *** 3.242 *** 1.002 ** 2.200 ***
(9.14) (6.37) (22.51) (2.78) (5.82)

State3

CAPB 0.919 *** 0.563 *** 0.845 ***
(9.86) (7.58) (7.90)

WUI −3.080 *** −3.524 *** −1.275 **
(−15.94) (−5.37) (4.62)

_cons 1.476 ** 2.415 *** 4.710 *** 4.242 *** 3.596 ***
(2.71) (16.49) (38.35) (14.65) (11.46)

N 28 22 27 22 22
t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.

Moreover, the rate of 5% was believed to be effective in resolving some of the macroe-
conomic challenges. Given that, these results reflect that South Africa is still far behind in
achieving its objectives of reducing employment and inequality and increasing economic
growth. In the first state, model estimation 2 reflects the impact of fiscal consolidation
proxied by a cyclical adjusted primary balance. The consideration of fiscal consolidation
in estimation 2 shows it to have a positive impact of the policy on economic growth. This
is because there are 2.127%, 0.930% and 0.919% increases in economic growth for a 1%
increase in CAPB in the three respective states, which is statistically significant at a 1%
p-value. These results are contrary to those of Jordà and Taylor (2016), Burger and Jimmy
(2006), Heimberger (2017), and Brady and Magazzino (2018), among others, who found that
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fiscal consolidation has a negative impact on the economy. Moreover, the results suggest
that there is more evidence of the rationale of the classical school of thought than of the
Keynesian, which is mostly advocated in South African economic environment. There-
fore, there is evidence that fiscal consolidation may be able to provide an accommodative
policy, especially in the presence of macroeconomic uncertainty in the effort to stimulate
economic growth.

In estimation 5, it is found that a 1% increase in WUI reduces GDP by the negative
rates of 6.729%, 4.385%, and 3.080% in states 1 to 3, respectively. There is a higher detri-
mental effect of economic growth when it is operating in state one with a negative mean
of 6.299%. However, if the economy is operating in economic state of 3.910% and 1.476%
which is state 1 and 2, the effect of WUI is negative but not with a high magnitude. This
result suggests that the South African economy is very vulnerable to macroeconomic uncer-
tainty. These results are similar to those of Olanipekun et al. (2019), Mandeya and Ho (2021),
Balcilar et al. (2022), and Ahiadorme (2022), among others, who have found a negative
impact of macroeconomic uncertainty proxy indexes on economic growth. However, they
are contrary to that of Bredin et al. (2009), who found that sometimes uncertainty may
stimulate competition and increase economic growth in an economy. When WUI macroeco-
nomic uncertainty is estimated in the presence of CAPB fiscal consolidation in estimation
5, it is found that WUI macroeconomic uncertainty harms economic growth, as it results in
a 1.209% and 1.2759% decrease in states 2 and 3, while in state 1 the result was found to
be insignificant. This result show more insight of what its magnitude impact of WUI and
GDP. This is more insightful to then the correlation result in that Table 3 which reflected
correlation value of −0.34 between WUI and GDP. The result reflects the venerability of
the South Africa economic growth on macroeconomic uncertainty. At an imperial level the
result provides the support of Balcilar et al. (2022) and Ahiadorme (2022), among others.
Nevertheless, these rates in estimation 5 are less than those in estimation 4. This reflects
that a fiscal consolidation policy provides an accommodative policy for macroeconomic
uncertainty that keeps it from being drastically detrimental to economic growth.

However, fiscal consolidation does not provide a positive effect that revises the impact
of macroeconomic uncertainty, but only reduces the negative impact. Fiscal consolidation
reduces the negative impact of macroeconomic uncertainty by 3.176% and 1.805% from 1 to
2, respectively. The state 3 magnitudes were not calculated because of the insignificance of
the result in estimation 5. Nevertheless, this provides evidence that fiscal consolidation
provides an accommodative policy that reduces the impact of macroeconomic uncertainty.
However, there are tradeoffs, given that, if fiscal consolidation is used, it may harm eco-
nomic growth. The dummy variable CAPB_STB_DUMMY, reflecting the structural break
of the fiscal consolidation, is found to have a positive impact on economic growth. This
reflects that, in the case of a quick change or adoption of fiscal consolidation, there is a
1.962% chance that there will be an increase in economic growth. On the other hand, the
WUI_STB_DUMMY structural break for macroeconomic uncertainty is found to result
in a 3.765% chance of a fall in the gross domestic product. This reflects that unexpected
change over time on macroeconomic uncertainty harms economic growth. South Africa
fiscal author need to put in place economic model that can forecast unexpected change that
can affect economic growth.

Table 6 reflects a Markov-switching dynamic regression that has four proxies of
macroeconomic uncertainty, as a ground for comparison with the based result in Table 5.
The first proxy, VSP, reflecting the volatility of the stock price index for South Africa, is
found to have a negative rate that reduces the gross domestic product by 0.211%, 0.150%,
and 0.119% from states 1 to 3, respectively. This result is similar to those of Wu and Wang
(2021), Chen et al. (2022), and Long and Zhang (2022). The second proxy of macroeconomic
uncertainty in estimation 2, which is EMV, is found to have a negative impact only in
state 1, with the rate of 0.271%, and its effects states 2 and 3 are insignificant. This is
when GDP is at the mean rate of negative 6.299%; however, fiscal consolidation is found
to provide support in the effort in the present of EMV, which reflects a rate of 2.326%.
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The economic policy uncertainty in estimation 3 is found to result in a negative impact
of 0.0344% and 0.0422% in states 1 and 3, while its effect in state 2 is insignificant. These
results are similar to those of Olanipekun et al. (2019), Mandeya and Ho (2021), Balcilar
et al. (2022), and Ahiadorme (2022), among others, who have found a negative impact for
the macroeconomic uncertainty proxy indexes on economic growth. The smoothed world
uncertainty index for South Africa in estimation 4 is found to have a negative impact on
economic growth at rates of 0.456% and 0.216% in states 1 and 2, while its effect in state 3 is
insignificant. The political instability in South Africa, PSAV, is found to result in a negative
impact on economic growth of rates of 0.630% and 2.051% in the first and the second state,
while in state three it has a positive impact of 3.346%. The government effectiveness, GEPR,
is shown to result in an increase of 1.903% in state 1, while in states 2 and 3 it is found to
be insignificant.

Table 6. Markov-switching dynamic regression with extended proxies of uncertainty.

Economic
Variables

1 2 3 4 Economic
Variables

5 6

GDP GDP GDP GDP GDP GDP

AOLR −0.130 −0.0259 −0.366 *** −0.0908 ** AOLR −0.392 *** −0.0441
(−0.81) (−0.28) (−7.42) (−1.63) (−4.89) (−0.38)

AKR 0.687 *** 0.685 *** 0.778 *** 0.677 *** AKR 0.449 ** 0.708 ***
(4.70) (6.59) (14.47) (11.93) (2.76) (6.82)

State1 State1

CAPB 3.103 *** 2.326 *** 2.294 *** 1.618 *** PSAV −0.630 ***
(3.81) (13.83) (36.25) (20.53) (−4.47)

VSP −0.211 *** CAPB 3.043 *** 1.903 ***
(−4.24) (25.10) (12.64)

EMV −0.271 *** WUI 3.102 *** 2.295 ***
(−8.34) (6.47) (5.51)

EPU −0.0344 *** GEPR 1.119 ***
(−14.62) (3.36)

SWUI −0.456 ***
(−4.49)

_cons 4.808 1.506 3.017 *** −0.0495 _cons −2.051 *** −2.211 ***
(5.6.) (7.4) (13.00) (−0.12) (−7.85) (−5.55)

State2 State2

CAPB 1.350 *** 1.155 *** 1.363 *** 0.944 *** PSAV −0.0526 *
(3.41) (10.24) (17.45) (12.01) (−2.10)

VSP −0.150 *** CAPB 1.335 *** 0.974 ***
(−4.52) (12.03) (6.68)

EMV 0.00775 WUI −1.832 ** −0.380
(0.06) (−3.23) (−0.66)

EPU −0.00380 GEPR 0.291
(−0.94) (1.54)

SWUI −0.216 ***
(−7.45)

_cons 3.812 *** 1.038 2.072 *** 2.567 *** _cons 3.346 *** 1.503 **
(7.20) (1.08) (4.93) (15.06) (4.79) (2.73)

State3 State3

CAPB 0.858 *** 1.228 *** 2.530 0.782 PSAV 0.133 ***
(5.36) (6.48) (1.83) (1.02) (3.54)

VSP −0.119 CAPB 0.901 *** 1.199 ***
(−1.62) (4.10) (4.20)

EMV 0.295 * WUI 2.298 1.925
(2.25) (1.35) (1.10)

EPU 0.0422 *** GEPR 0.114
(4.88) (0.51)

SWUI −0.188
(−0.30)

_cons −0.924 *** −0.895 *** −1.408 *** −1.539 *** _cons 2.512 *** 1.998 ***
(−5.32) (−5.55) (−9.06) (−8.57) (3.84) (3.33)

29 29 29 29 29 29
t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 1 shows the filter transition probability from state 1 to state 3 as well as GDP.
Figure 1, graph a, shows the state 1 filter transition probability for GDP. There is a weak
transition probability for moving to state 2 in 1998 and 2002. The GDP moved to state 1
briefly in 2009 and 2021. Figure 1, graph b, shows the state 2 filter transition probability
for GDP. The economy moved to state 2 four times, and the one possible fifth transition to
the state was not successful. The times that the economy operated in state 2 were in 1997,
2001, and 2008, and from 2011 to 2019. The one time that the economy failed to be in state 2
was in 2003. Graph c in Figure 1 shows the state 3 filter transition probability for GDP. The
economy moved to state 3 five times in 1995 to 1996, 1999 to 2000, 2004 to 2006, 2010, and
2021. Figure 1, graph d, shows all the different regimes combined with the repetitive mean
for the GDP.
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Figure 1. States 1 to 3: filter transition probabilities and GDP. Note: gdp_p is the gross domestic prod-
uct, s_gdp_p_pr_state1 reflect state one filter transition probabilities, s_gdp_p_pr_state2 state1 reflect
state two filter transition probabilities, s_gdp_p_pr_state3 state1 reflect state three filter transition
probabilities, gdp_mean_state1 is the mean of gross domestic product in state one, gdp_mean_state2 is
the mean of gross domestic product in state two, and gdp_mean_state3 is the mean of gross domestic
product in state three.

Table 7 shows the expected duration of each state. When the economy is in state 1, it is
found to run for 1 year. State 2 is found to run for 2 years, and state 3 is found to run for 3 years.

Table 7. Expected duration.

State Estimate Std. Err. [95% Conf. Interval]

State1 1
State2 2.845803 1.09173 0.706052 4.985555
State3 3.025981 1.407226 0.267869 5.784094

Number of obs = 28.



Economies 2023, 11, 119 16 of 24

Table 8 reflects the matrix of transition probabilities for economic growth in different
states. The first state is characterized by a negative mean of 2.349%. In this state, the
economy is found to have a transition probability of 0.2946238. This reflects that there is a
29.46% chance that the economy will move from state 1 and return to state 1. On the other
hand, the second state is characterized by a mean of 1.129%. In this state, the economy
is found to have a transition probability of 0.3407753. This reflects that there is a 34.07%
chance that the economy will move from state 2 and return to state 2. The third state has
a mean of 3.679%. In this state, the economy is found to have a transition probability of
0.5802805. This reflects that there is a 58.02% chance that the economy will move from state
3 and return to state 3. The highest rate is a 58.02% chance of staying in a state that has a
positive economic growth rate of 3.67%. However, this rate is still not sufficient to solve the
South African macroeconomic challenges. Therefore, even if the economy is operating in
this state, fiscal authorities need to find ways to stimulate economic growth.

Table 8. Matrix of transition probabilities.

State 1 2 3

State1 0.2946238 0.7035788 0.0017974
State2 0.2446651 0.3407753 0.4145597
State3 0.002544 0.4197195 0.5802805

The TVP-VAR results are shown in Table 9, which shows the parameters, 95% confi-
dence intervals, convergence diagnostics (CD) of Geweke (1992), and inefficiency factors
computed using the MCMC sample. In the estimated result, the null hypothesis of conver-
gence to the posterior distribution is not rejected for the parameters at the 5% significance
level based on the CD statistics, and the inefficiency factors are quite low, except for sh2,
which indicates efficient sampling for the parameters and the state variables. In the sim-
ulation in this paper, the priors are summed to follow the TVP regression model with
stochastic volatility discussed above in Equation (21). Table 9 reports the estimation results
for the TVP regression model. The standard deviation is wider than the stochastic volatility
model, and the posterior means are slightly apart from the true value.

Table 9. Estimated parameters in the TVP-VAR model.

Parameter Mean Stdev 95% U 95% L Geweke Inef.

sb1 0.1937 0.1175 0.0298 0.4728 0.409 206.57
sb2 0.5593 0.2142 0.202 1.0391 0.841 148.62
sa1 0.0055 0.0017 0.0034 0.0096 0.119 9.93
sh1 0.0024 0.0003 0.0019 0.0031 0.12 0.54
sh2 0.0024 0.0003 0.0019 0.0031 0.762 1.11

TVP-VAR model (Lag = 1) Iteration: 20,000
Notes: Mean, Stdev, and Inef represent posterior means, standard deviations, and the inefficiency factors,
respectively.

Figure A2 reflect that the posterior means trace the movement of the true values, and
the 95% credible intervals tend to be narrower overall than the constant volatility model,
and almost include the true values. Figure 2 shows the sample autocorrelation function,
the sample paths, and the posterior densities for the selected parameters. After discarding
the initial 5000 samples in the burn-in period, the sample paths look stable, and the sample
autocorrelations drop smoothly.
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The properties of the state space model are reflected by the time-varying intercept in
Figure A3. The lag-order selection criteria of (LR, FPE, AIC, HQIC, and SBIC) are presented
in Table A1. The criteria LR, AIC, HQIC, and SBIC recommend the use of the optimal 4 lag.
The paper concludes with an optimal 4. The results of the Johansen cointegration tests, in
Table A2, show that the null hypothesis for the zero cointegrating equation is rejected at a
0.05 significance level. All of the trace statistics are greater than the critical value, therefore
there is no long-run relationship. Therefore, the VAR in the TAP-VAR is valid to be used.

Figure 3 reflects the time-varying coefficient from 1994 to 2022. In graph p, there is a
reflection of world uncertainty for South Africa. It is noted that, if uncertainty is expected
in the next one- and three-year periods, it results in the economic growth operating below
equilibrium. However, when uncertainty is expected in 6 years, the economic growth
performs better. This may be because fiscal consolidation provides an accommodative
policy and because there is an opportunity to implement better planning to account for the
uncertainty when it is expected to occur far in the future. On the other hand, graph u reflects
the impact of fiscal consolidation on economic growth. It is noted that, in the presence of
fiscal consolidation, the economic growth operates above equilibrium. However, in the 1990
and 2000s, there is a reflection of volatility in economic growth. On the other hand, in recent
times, economic growth is above the equilibrium in the presence of fiscal consolidation.
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Figure 4 shows the time-varying impulse response functions. Figure 4, graph p pro-
vides evidence that the shock of macroeconomic uncertainty harms GDP. There is evidence
that WUI results in a negative impact of 1.5% to 2.5% on GDP in years 1 and 2, respec-
tively. This result is similar to those of Redl (2018), Bournakis and Ramirez-Rondan (2022),
and Tunc et al. (2022), who found a negative impact for macroeconomic uncertainty on
economic growth. The GDP is in the negative values until year 5, when GDP records a 1%
increase; thereafter, GDP normalizes around the equilibrium. The time reach equilibrium
is better by year 4, which is similar to the result obtained by Binge and Boshoff (2020).
Figure 3, graph u provides evidence that the shock of fiscal consolidation, CAPB has a
positive effect on GDP from year 1 to year 2 as GDP increases by 0.3 to 0.5%. However,
after year 2, there is a drastic decrease in GDP to 0%, and then a further decrease of 0.2%.
This are similar to the findings of Bardaka et al. (2021) and Caselli and Reynaud (2020), who
note that fiscal consolidation has a negative impact on the gross domestic product. This
may have critical implications and put the economy in recession. There is a possibility of a
further negative effect on the economy if the recession occurred as a result of the adoption
of fiscal consolidation. Nevertheless, GDP shows resilience, as it rebounds in year 5 with a
positive rate of 0.1%. After that, GDP falls and does not return to equilibrium; it operates
below the equilibrium level. This result suggests that fiscal consolidation cannot be used in
the effort to stimulate economic growth.
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5. Conclusions

There has been growing interest in the effort to investigate the impact of macroeco-
nomic uncertainty on economic growth. However, there is no agreement in the findings of
scholars as to what the impact of macroeconomic uncertainty on economic growth is. South
Africa has been lagging in its efforts to achieve an economic growth rate of 5%, which is
stipulated in the National Development Plan of 2013. On the other hand, fiscal authorities
have been showing commitment to adopting fiscal consolidation. The issues with South
Africa’s economy cannot be isolated to macroeconomic uncertainty. However, less attention
has been given to the investigation of macroeconomic uncertainty in different regimes of
economic growth in South Africa. The key contribution of this paper is to fill this gap
in the effort to understand the impact of macroeconomic uncertainty in the presence of
fiscal consolidation.

In this regard, it is important to investigate the impact of macroeconomic uncertainty
on different regimes of economic growth in the presence of fiscal consolidation in South
Africa. Markov-switching dynamic regression and time-varying vector autoregression
(TA-VAR) were performed using time series data from 1994 to 2022. Three states are found
for economic growth, with mean rates of negative 6.72%, 4.38% and 3.08% in the respective
states. It is recommended that fiscal authorities revise the policy of the NDP with the
key tangible target. The formulation of policy is critical in accounting for the state of the
economy, as outlined above.

Macroeconomic uncertainty was found to have negative impacts of 6.729%, 4.385% and
3.080% in states 1 to 3, respectively. Fiscal consolidation provided an accommodative policy,
as it reduced the negative impact of macroeconomic uncertainty by 3.57%, 1.996% and
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0.92% in states 1 to 3, respectively. Investment and consumer expenditure may decline as a
result of policy uncertainty, which might have a detrimental effect on economic growth. In
the meantime, fiscal consolidation, which is the process of cutting government expenditure
while raising income, can hinder economic development in the near term, since it decreases
demand. On the other hand, fiscal consolidation has the potential to lower government
debt over the long run, boost economic confidence, and produce a more stable political
climate. These factors can drive spending and investment, which will ultimately result in
better rates of economic growth. It is in this context that South African fiscal authorities
and policymakers may face tradeoffs when trying to counter macroeconomic uncertainty.
Therefore, further studies may be needed to ascertain the magnitude of the tradeoffs in
order to make informed decisions.

Nevertheless, in this paper, it was found that fiscal consolidation does not completely
reduce the negative impact of macroeconomic uncertainty. The transition probabilities of
economic growth moving and returning to the same states are 29.46%, 34.07%, and 58.02%
in each state, respectively. The time-varying impulse response functions showed that the
shock of macroeconomic uncertainty harms economic growth. Nevertheless, the multiplier
effect is not large; however, the economy operates below equilibrium and does not return
to equilibrium after the effects of macroeconomic uncertainty. This reflects that it takes
time for macroeconomic uncertainty to filter out of the South African economy. It is recom-
mended that fiscal consolidation be considered as an accommodative fiscal policy to reduce
macroeconomic uncertainty but not as a main policy for economic growth. The dummy
variable CAPB_STB_DUMMY, reflecting the structural break of the fiscal consolidation,
is found to have a positive impact on economic growth. This reflects that, in the case of a
quick change or adoption of fiscal consolidation, there is a 1.962% chance that there will be
an increase in economic growth. On the other hand, the WUI_STB_DUMMY structural
break for macroeconomic uncertainty is found to result in a 3.765% chance of a fall in
the gross domestic product. This reflects that unexpected change over time on macroeco-
nomic uncertainty harms economic growth. South Africa fiscal author need to put in place
economic model that can forecast unexpected change that can affect economic growth.
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Appendix A

Table A1. Lag-order selection criteria.

Lag LL LR Df p FPE AIC HQIC SBIC

0 −137.746 5.32192 15.8606 15.8947 16.108
1 −62.5429 150.41 25 0.000 0.02295 10.2825 10.4872 11.7665
2 −14.1895 96.707 25 0.000 0.004063 7.68772 8.06285 10.4083
3 1003.54 2035.5 25 0.000 3.7 × 10−49 * −102.616 −102.07 −98.6584
4 2686.42 3365.8 * 25 0.000 0.00000 −288.491 * −287.878 * −284.04 *

* optimal lag.

Table A2. Johansen tests for cointegration.

Maximum Rank Params LL Eigenvalue Trace Statistic Critical Value 5%

0 30 −84.696085 0.00000 115.7969 68.52
1 39 −62.195371 0.89461 70.7955 47.21
2 46 −43.937808 0.83890 34.2803 29.68
3 51 −35.08616 0.58735 16.5770 15.41
4 54 −29.110018 0.44988 4.6248 3.76
5 55 −26.797639 0.20645
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