A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Buthelezi, Eugene Msizi

Article

Impact of money supply in different states of inflation and
economic growth in South Africa

Economies

Provided in Cooperation with:

MDPI - Multidisciplinary Digital Publishing Institute, Basel

Suggested Citation: Buthelezi, Eugene Msizi (2023) : Impact of money supply in different states of
inflation and economic growth in South Africa, Economies, ISSN 2227-7099, MDP], Basel, Vol. 11,

Iss. 2, pp. 1-22,
https://doi.org/10.3390/economies11020064

This Version is available at:
https://hdl.handle.net/10419/328690

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

-. https://creativecommons.org/licenses/by/4.0/

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.3390/economies11020064%0A
https://hdl.handle.net/10419/328690
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

¥ economies

Article

Impact of Money Supply in Different States of Inflation and
Economic Growth in South Africa

Eugene Msizi Buthelezi

check for
updates

Citation: Buthelezi, Eugene Msizi.
2023. Impact of Money Supply in
Different States of Inflation and
Economic Growth in South Africa.
Economies 11: 64. https://doi.org/
10.3390/ economies11020064

Academic Editor: Robert Czudaj

Received: 3 January 2023
Revised: 1 February 2023
Accepted: 8 February 2023
Published: 14 February 2023

Copyright: © 2023 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

Department of Economics, University of Free State, Bloemfontein 9301, South Africa;
msizi1106@gmail.com or butheleziem@ufs.ac.za

Abstract: This paper investigates the impact of the money supply in different states of inflation and
economic growth in South Africa from 1990 to 2021. The term “states” defines periods of low and
high rates of economic variables of interest. Markov-switching dynamic regression (MSDRM) and
time-varying parameter structural vector autoregression (TVP-VAR) are used in this paper. The
contribution of this paper is not only based on the long run but also on the examination of the impact
of the money supply in different states of inflation and economic growth. Moreover, the use of
shock accounts for time-varying elasticity. It is found that there is a 0.70% decrease in the gross
domestic product for a 1% increase in money supply in state 1, while in state 2, the money supply was
insignificant. The money supply had a negative and a positive impact on inflation in states 1 and 2,
with rates of 0.05% and 0.35% in the respective states. The money supply had a high multiplier effect
on gross domestic product and inflation. More than 5 years were spent in each state for both gross
domestic product and inflation, while the transition probability of moving and returning to each
state is significant. The trade-off of using the money supply for economic growth and inflation is
evident in South Africa. It is recommended that the state of the economy be considered when using
the money supply in an effort to stimulate economic growth or stabilise inflation.

Keywords: money supply; broad money; economic growth; Markov-switching dynamic regression
(MSDRM); time-varying parameter structural vector autoregression (TVP-VAR)

JEL Classification: E51; E52; F43

1. Introduction

The impact of money supply on inflation and economic growth has received major
attention in macroeconomics. However, there is no consensus on the impact of money
supply on inflation and economics both empirical and theoretical frameworks. A case in
point found that money supply has a positive impact on inflation and economic growth
according to Adu and Marbuah (2011); Sabade (2014); Denbel et al. (2016); Dingela and
Khobai (2017); Doan Van (2019); and Tegegne (2021); among others. On the other hand, a
negative impact of money supply on inflation and economic growth was found by Amisano
and Fagan (2010); Precious and Makhetha-Kosi (2014); and Amassoma et al. (2018); among
others. At a theoretical level, the quantity theory of money advocates that money supply is
a key factor in determining inflation (Friedman 1989). Cambridge’s cash-balance theory
outlines that national income is key in determining the money supply. This reflects that the
money supply is critical for economic growth (Cesarano 2008). Friedman’s money supply
theory hypothesis outlines that changes in the money supply are the primary determinant
of the pace of economic growth (Friedman 1989). Keynes developed the liquidity preference
focus on demand for money, not supply. The demand for money depends on the interest
foregone (Runde 1994).

The South African National Development Plan (NDP) stipulates that there is a need
for 5% economic growth to resolve some of the major macroeconomic challenges in South
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Africa. However, since 2013, this rate has not been achieved. On the other hand, inflation in
South Africa has recorded a mean rate of 6.6% annually from 1990 to 2021. This rate is above
the inflation target, which is between 3% and 6%. In South Africa, several studies have
attempted to investigate money supply, inflation, and economic growth. The contribution
of this paper is to investigate the impact of money supply in different states' on gross
domestic and inflation in South Africa. This will assist policymakers in making monetary
policy decisions in different ways to stabilise price levels and economic growth.

Most of the studies in South Africa focus on assessing the short-run and long-run impact
of money supply on inflation and economic growth, which included recent studies by Mpofu
(2011); Precious and Makhetha-Kosi (2014); Monamodi (2019); and Amassoma et al. (2018);
among others. The point of departure or the gap that is identified in this paper is that
there is less focus on investigating the impact of money supply on inflation and economic
growth in a different state, especially in South Africa. This paper fills the gap through the
regime-switching model analysis of inflation as well as economic growth with the special
inclusion of the money supply. Moreover, this paper considers the time-varying shock of the
money supply on inflation and economic growth. This is different from the literature that
considers the static deviation of the standard deviation as a representative of shocks in the
economic system. This side of the investigation has been omitted in the context of monetary
policy in South Africa. The key economic question of this paper is as follows: what is the
impact of money supply on economic growth and inflation in different states? Therefore,
the sub-questions are as follows: What is the probability of economic growth and inflation
moving from state to state? How long will economic growth and inflation be in a state? What
is the time-varying elasticity impact of money supply on economic growth and inflation in
different states? What is the impact of money shocks on economic growth and inflation?

The rest of the paper includes the following. First, Section 2 is a discussion of the
literature on South African monetary policy review, the outline of the theory review related
to the money supply and empirical studies on money supply, inflation, as well as economic
growth. Fourth, Section 3 discusses the methodology, theoretical framework and model
specification. Fifth, Section 4 discusses descriptive statistics and empirical results. Finally,
Section 5 outlines the conclusion and recommendations of the paper.

2. Literature Review
2.1. South African Monetary Policy Review

The South African Reserve Bank (SARB) focused on quantitatively regulating interest
rates and lending between 1960 and 1981 with the utilisation of liquid asset requirements
(Hollander and Van Lill 2019). The adoption of monetary target ranges and a broad
definition of money (M3) in South Africa was recommended by the De Kock Commission
in 1978 (du Rand et al. 2021). From 1986 to 1998, the cost of a cash reserve-based approach
with previously declared monetary objectives was adopted (du Rand et al. 2021). To achieve
price stability, the SARB implemented an inflation-targeting framework in 2000 by utilising
interest rates as the primary policy tool (Hollander and Van Lill 2019). The inflation-
targeting framework was developed to keep inflation between 3 and 6% by 2002. Its
principal policy instrument is discretionary changes to the repo rate (du Rand et al. 2021).
The repo rate is the accommodation tool used by the reserve bank. The central bank also
employs open market operations, reserve requirement ratios, and the discount window
policy as important tools (Hollander and Van Lill 2019).

2.2. Theoretical Review

In the quantity theory of money, an economy’s money supply and price level are
inversely correlated (Friedman 1989). This rationale is reflected in Equation (1).

MxV=PxT €))
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Contrary to the conventional quantity theory of money is Cambridge’s cash-balance
theory. Both Cambridge and classical quantity theories try to explain the connection
between the number of products produced, the level of prices, the amount of money
present, and the flow of money. Instead of emphasising money supply, the Cambridge
equation focuses on money demand (Cesarano 2008). The Cambridge cash-balance theory
is shown in Equation (2):

M = kpR 2

where M is the quantity of money, R is the real national income, P is the average price level
of the real national income and pR represents the monetary national income. According
to Friedman’s money supply theory, the availability of money is a crucial macroeconomic
factor that affects a country’s ability to build its economy. In the Friedman monetarist
hypothesis, changes in the money supply are the primary determinant of the pace of
economic growth (Friedman 1989). Keynes developed the liquidity preference focus on
demand for money, not supply. Keynes advocates that the demand for money depends on
the interest foregone (Runde 1994).

2.3. Empirical Review

Amisano and Fagan (2010) used the time-varying transition probabilities Markov-
switching model in which inflation is characterised by two regimes (high and low inflation).
It was found that the money supply harms economic growth. Their result suggests that
money growth provides an important early warning indicator for risks to price stability.
Adu and Marbuah (2011) found that a monetary expansion of 1% would raise the price
level by some 1.4% in the long run when the ARDL model was utilised. It was noted that
output, nominal exchange rate, broad money supply, nominal interest rate, and fiscal deficit
play a dominant role in the inflationary process. The examination of money supply and
inflation was undertaken by Mpofu (2011) who used the VAR model. It was found that a
1% increase in the money supply resulted in 0.43% inflation in South Africa. Moreover, it
was found that 97% of the consumer price index movement is explained by macroeconomic
variables. Precious and Makhetha-Kosi (2014) examined the impact of monetary policy on
economic growth in South Africa. Using the VEC model, it was found that a 1% increase in
money supply results in a 4.17% decrease in economic growth in South Africa. As such,
the result reflected that the monetary authority should restrict the inflation growth rate
with a certain target interval that would be reasonable for economic growth. Sabade (2014)
outlines that advanced countries facing severe recession were found to raise the money
supply, and other advanced countries with high inflation pressure can successfully curtail
inflation by reducing the money supply.

The investigation of the dynamic impact of money supply on inflation with evidence
from the Economic Community of West African States (ECOWAS) was undertaken by Obi
and Uzodigwe (2015) for the period 1980 to 2012. Using the fixed effect model, it was found
that a 1% increase in the money supply resulted in a 0.19% increase in inflation. The finding
also reveals that there are significant country-specific effects on the variables. This implies
that the objective of macroeconomic convergence is yet to be achieved. The pooled mean
group estimator (PMGE) was used by Chaitip et al. (2015), to investigate the association
between money supply and economic growth of selected ASEAN Economic Cooperation
(AEC). The findings revealed that money supply, which comprises narrow money (Ml) and
demand deposits (DD), had a positive relationship with economic growth measured by
GDP. The examination of inflation and economic growth by Chaitip et al. (2015) revealed
that money supply was associated with economic growth. This was reflected in a pooled
mean group model with a coefficient value of 0.50 for a 1% increase in the money supply. A
causality analysis of inflation and economic growth was undertaken by Denbel et al. (2016).
In the Vector Error Correction Model (VECM) applied, it was found that the 1% increase in
the money supply in the first and second lag had a 0.2168% as well as a 0.08% impact on the
economic growth which was detrimental and positive, respectively. Aslam (2016) looked at
how the availability of money affects economic expansion. The VAR model revealed that,
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at a 1% level of significance, the money supply continued to have a considerable beneficial
impact on economic growth.

The study of Denbel et al. (2016) found a contrary result to that of Chaitip et al. (2015)
and Denbel et al. (2016), among others. This was with evidence that the money supply has
a positive impact on economic growth. The money growth and determinant of inflation
were investigated by (Hossain and Arwatchanakarn 2017). Using data from 1999 to 2014,
the autoregressive distributed lag (ARDL) provided evidence that a 1% increase in money
supply leads to a 0.11% increase in inflation. Moreover, it was noted that there is a causal
relationship between money growth and inflation. As such, it was recommended that a
policy interest rate may be used to cap inflation. Inam and Ime (2017), studied the impact of
monetary policy on Nigeria’s economic growth from 1970 to 2012 using the ordinary least
squares (OLS) method and the Granger causality test. The study found an insignificant
positive relationship between money supply and economic growth. Ofori et al. (2017),
analyse how Ghana’s money supply affects inflation. Based on the OLS technique, their
study’s findings revealed a long-term link between the money supply and inflation that
was favourable. Ozekhome (2017) investigated the economic question of whether money
supply growth causes inflation in the West African monetary zone. Using a fixed effect
model, it was found that a 1% increase in the money supply resulted in a 0.296% increase
in inflation. Moreover, it was found that some of the key drivers of inflation are oil prices,
fiscal deficits, and lagged inflation. Dingela and Khobai (2017) investigated the dynamic
impact of the broad money supply on economic growth in South Africa from 1980 to 2016.
Using the autoregressive distributed lag (ARDL)-bounds testing approach, it was found
that a 1% increase in the money supply increases economic growth by 0.58%.

The smooth transition regression (STR) model was utilised by Phiri (2018) to investi-
gate the relationship between inflation and economic growth in South Africa. It was found
that inflation has a favourable effect on economic growth when it is below a threshold
of 5.30%, but when it is beyond this level, it has a negative effect. Meyer et al. (2018),
investigated the utilisation of the rate of interest and the supply of money by the monetary
authority in South Africa. The results from this study reveal that money supply increases
inflation by 0.97%. There is also the existence of cost-push as well as structural inflation in
the South African economy, hence the current policy prescriptions seem to be ineffective
in mitigating an inflation spiral or even spurring output growth. Amassoma et al. (2018),
found that a 1% increase in the money supply results in a 0.01% fall in the inflation rate.
The error correction model has the correct sign of negative and significant. The Granger
causality outcome demonstrates that there is no causality between money supply and
inflation in Nigeria within the study period and vice-versa. Hussain and Zafar (2018)
investigated the interrelationship between money supply, inflation, and economic growth.
It was found that a 1% increase in money supply increases real GDP per capita by 0.11%,
and a 1% increase in last year’s inflation will increase real GDP per capita by 0.0296%.
The investigation of the main determinants of inflation in South Africa was undertaken
by Madito and Odhiambo (2018). In the VEC model applied, it was found that the money
supply was statistically insignificant in terms of its influence on the rate of inflation in
South Africa. The investigation of money supply and growth was undertaken by Doan
Van (2019) in Nigeria and Ghana. It was found that a broad money supply harms the real
gross domestic product in Nigeria. However, it reflected a positive influence on the real
gross domestic product of Ghana. Monamodi (2019), investigated the impact of fiscal and
monetary policy on economic growth in the Southern African Customs Union (SACU). The
ARDL model results indicated that a 1% increase in the money supply results in a 5.13%
decrease in economic growth.

In the investigation of money supply and inflation undertaken by Sean (2019), it was
found using the Bayesian VAR model that money supply induces an inflation rate of 0.13%.
Emmanuel et al. (2019), findings indicated that the money supply does not cause inflation.
Moreover, it was found that disequilibrium caused by a nonmonetary factor in the previous
year can converge back to equilibrium at 87% in the current year. The impact of money
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supply and inflation was investigated by Doan Van (2019), using OLS. It was found that a
1% money supply growth change in inflation of the economy was 0.08%. The ARDL was
used by Danlami et al. (2020) to investigate money supply and inflation. It was found that
economic variables are not integrated in the same order. The money supply increment was
found to demonstrate inflationary pressure in the short run. However, in the long run,
the money supply was found to have no significant influence on inflation. According to
Maune et al. (2020), empirical findings demonstrate that inflation was negatively connected
to exchange rates and fiscal deficits and directly related to the money supply. Since Milton
Friedman’s monetary rule states that inflation is solely a monetary phenomenon that can
only be caused by extending the money supply at a higher pace than the growth of capacity
production, we thus advise that the expansion of the money supply be made to match
actual economic growth. Al-Mutairi et al. (2020) outline that changes in the gross domestic
product are responsible for changes in the consumer price index.

The investigation of money supply and inflation by Inim et al. (2020), found that
there is no causal relationship between M1, M2, and M3 money supply and inflation at
a p-value of 0.05%. Tegegne (2021), examined the impact of the money supply on real
GDP from 2002 to 2017. The vector autoregressive model and causality test were utilised,
and it was evident that there was no long-run association running from broader money
supply to real GDP. The money supply was found to increase economic growth by 0.29%.
The time-varying univariate and multivariate Markov-switching model (TMS) was used
by Bojanic (2021) to investigate monetary policy on inflation. It was found that in both
regimes 1 and 2, a 1% increase in the money supply was found in the increase in inflation
by 1.02% and 0.95%, respectively. Ilyas et al. (2022), use the asymmetric structural vector
autoregressive (ASVAR) mode. Their findings reveal that in all countries, the effects of
inflation, money supply, and exchange rates are asymmetric. It was also found that the
money supply positively impacts economic growth. Similar to Phiri (2018), Azam and
Khan (2022) investigated the threshold effect of inflation on economic growth. However,
they considered 27 countries and used feasible generalised least squares (FGLS). It was
found that inflation exceeding the turning point of 12.23% and 5.36% had the greatest
negative effect on economic growth.

3. Methodology

This paper uses quantitative analysis to investigate the impact of the money supply
on inflation and economic growth in South Africa from 1990 to 2021. The first theoretical
framework used is Cobb-Douglas to investigate the impact of money supply on economic
growth. Cobb-Douglas considers the relative importance because it considers two input
factors, labour, and capital, which are critical to the South African economy. Moreover,
the framework can handle multiple inputs in its generalised form. Therefore, the money
supply does not collapse the model, but we can obtain better insight into its impact on
economic growth. This is not easy in the Harrod—-Domar Model, which focuses on saving,
while endogenous growth theory is limiting in the real world as it outlines constant returns.
The second theory, the classical quantity theory of money, is used to investigate the impact
of money supply on inflation. The model is used because it captures the behaviour of the
central bank, which controls the issue of currency as reflected in the supply of nominal
high-powered money. The framework is better for the neutrality of money, Keynesian
and Monetarist, which provide a short-run view. The classical quantity theory of money
provides attractive mathematics that can be extended with the variable of interest for
estimation. Overall, these two frameworks are used because they have the dependent
variables of economics and inflation, which are key in the context of this paper. The
economic variables that are considered in the paper are outlined in Table 1.
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Table 1. Economic variables.

Economic Variables Description Source

= CPI; Inflation rate South African Reserve Bank
v = M3; Money growth rate (money supply) Fed USA

AOLR; Average output labour ratio South African Reserve Bank
AOKR; Average output capital ratio South African Reserve Bank
gy = GDP; Economic growth rate South African Reserve Bank
NIR = IRy Nominal interest rate Fed USA

ORE; The nominal or real exchange rate World Bank

FIR; Foreign interest rate Fed USA

The data sources: SARB (2022); World-Bank (2022) and Fed-USA (2022).

This paper used Markov-switching dynamic regression (MSDRM) and time-varying
parameter structural vector autoregression (TVP-VAR). The MSDRM is adopted because
it provides attractive transition features over a set of finite states (Hansen 2000). This is
important because this study seeks to investigate the impact of money supply in different
states of inflation and economic growth. Other scholars that have used the model include
Bojanic (2021). The TVP-VAR is adopted because it is effective in answering the question
of this paper, which is related to finding the time-varying elasticities in shocks of money
supply on inflation and economic growth. The model is better than the VEC model and VAR
model because these models provide constant shocks. Moreover, the TVP-VAR provides
coefficients that are time-varying (Koop and Korobilis 2018) reflecting the responsiveness
of inflation and economic growth when there is a change in the money supply. The TVP-
VAR has been used by Primiceri (2005), Nakajima (2011) and Koop and Korobilis (2018)
among others.

3.1. Theoretical Framework
3.1.1. Cobb-Douglas

The Cobb-Douglas production is used because it offers flexibility in the inclusion of
other economic variables. The Cobb-Douglas production is given by Equation (3):

Y = ALY 1 4+ K® (3)

where Y is output, L is labour, K is capital, A is a positive constant, and « are constants
between 0 and 1 (Mankiw 2014). However, for this paper, the above Cobb-Douglas is ex-
tended with other economic variables, such as CPI, M3 and IR as reflected in Equation (4).

GDP; AOLR; + [33AOKRt+CPIt + M3; + IRH—Et

(4)

production monetary policy

3.1.2. The Classical Quantity Theory of Money

The classical quantity theory of money for inflation links inflation and monetary expan-
sion. The classical quantity theory of money expression in the money-market equilibrium
is reflected in Equation (5):

% = m(Y,NIT) (5)
where M is the money stock, Y is real income, P is the price level, and NIR = IR; is a

representative nominal interest rate. Equation (5) can also be presented as a first difference
or a proportional difference as reflected in Equation (6):

T ="y —wgy + w2 ANIR 6)

where A is the first-difference operator. In the context of this paper, the framework is
presented in Equation (7):
CPI; = M3; + GDPi+I1R; (7)
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This paper extends Equation (7) to factors in the open economy as shown in Equation (8).

CPI; M3, GDP; IR; ORE; + FIR;
~ money spply = production = monetary policy = open economy

®)

The open economy is presented by ORE; which is the (nominal or real) exchange rate
and FIR; which is the foreign interest rate.

3.2. Model Specification
3.2.1. Markov-Switching Dynamic Regression

Markov-switching dynamic regression is used for series that are believed to transition
over a finite set of unobserved states, allowing the process to evolve differently in each
state. The transitions occur according to a Markov process. The time of transition from one
state to another and the duration between changes in the state are random (Hansen 1996,
2000). If given an economic data series denoted by y;, wheret =1, 2, ... , T, is characterised
by two states, such economic data series can be presented in Equations (9) and (10):

Statel 1y = u1 + €; 9)

State2 : yy = pp + € (10)

where i1 and ji; are the intercept terms in state 1 and state 2, respectively, and €; is a white
noise error with variance o2. The two-state model shifts in the intercept term (Hamilton
1989, 1990). If the timing of switches is known, the above model can be expressed as in
Equation (11):

yr = sty + (1 —st)po + € (11)

The subscript s; is 1 if the process is in state 1 and 0 otherwise. Markov-switching
regression models allow the parameters to vary over the unobserved states. The MSDR
model with a state-dependent intercept term is reflected in Equation (12):

Yt = Stio + € (12)

where i, is the parameter of interest y5, = y11 when s; = 1, and ys, = pp when sy = 2. The
probabilities of being in each state can be estimated with transition probabilities. One-step
transition probabilities are given by P 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, py» denotes the probability of staying in state 2 (FHansen
1996, 2000). The transition probabilities from one state to another can be presented in a

matrix (13).
pP= (Pn Pu) (13)
p21 P22

The theoretical framework outlined in Equations (4) and (8) is then extended in the
Markov-switching dynamic regression, as reflected in Equations (14) to (15):

GDP; = {[311 + ﬁleOLRt + B13AOKR; + B14CPI; + B1sM3: + B16IR: + €1t (14)
Bo1 + B2oAOLR; + B3 AOKR; + BoaCPI; + BosM3; + Bos IRt + €2t

B11 + B12M3; + B13GDP; + B1alR; + P15ORE; + P16 FIR; + €1

Bo1 + BooM3; + BosGDP; + BogIR; + BosORE; + B FIR; + €14

where f is beta and ¢; is the n x 1 vector of independent and identically distributed
error terms.

CPI, = { (15)

3.2.2. Time-Varying Vector Autoregressive (TA-VAR)

Sims (1980) developed the basic VAR model that was extended by Primiceri (2005),
which incorporates time-varying parameters. Nakajima (2011) further improved the frame-



Economies 2023, 11, 64

8 of 22

work. 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 (6):

Ayr = Bo + B1yi-1+ Biye—2 + Bryi—3 + ... Bpyi—p + Cer (16)

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 v, y:—1, yt—2,
and y;—p reflect a matrix n x 1 vector of endogenous variables, f is the intercept, 81, B2,
B3 and B, reflect time-invariant coefficients explained by matrix 1 * n,t — p indicating the
order of autoregression or several lags, and structural shocks in the system are denoted by
E(e, = 0) of the vector that has uncorrelated or orthogonal structural disturbances with a
zero mean in a matrix n x 1 (17):

20 - 0
2 L. .
Eer, Y =| O % ' 17)
e : .0
0 0 062“1

where o is the standard deviation, and it is assumed that structural shocks follow a recursive
identification pattern with A taking on a lower triangular matrix (18).

e (18)
. . . 0
Ap1 - an,p—l 1

The SVAR model is transformed through the multiplication of the contemporaneous
matrix A~ across all perimeters and is expressed in Equations (19) to (20):

AT Ay = AT o+ AT By + AT oy 2+ AT Bayr s+ AT By p + A'Ce, (19)
AAy = R+ A 'Ry + ARy o+ AT By s + A Ry + ATTY E (20)
e

et ~ (NO, I;) (21)

where A~'F;, = B fori = 1---pand ¥, t is the diagonal matrix denoting the disturbance
term. The study used the rationale of Primiceri (2005) denoted with subscript X; = I; ®

(O, Vi Yoo y;_p) ,B = (Fo,F,F, F....F,), where ® denotes the Kronecker product.
The reduced form VAR is reflected in Equation (22).

vi= Bo+BXi+A Y ¢t (22)

The dynamic characteristics of variable interaction and the specification in Equation (22)
are further extended to the TVP-VAR allowing the parameters as stated in the space model
Equations (23) to (28):

yr= BiXi+ ATyt (23)
e
GDP; = B41 + BtoAOLR, + B13AOKR; + B aCPI; + BrsM3; + BreIRe + Ay 1Yt (24)
e
CPI; = ,3,5]1 + ,Bt,2M3t + ﬁtlzGDPt + ,Bt,glRt + ,Bt,4OREt + ‘Bt/5FIRt + At_lzt (25)
e

Bt = ®PPi_1 + vt (26)
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ap = ap_1+G; (27)
he = h_1+ & (28)

where y; = X’;_1 and indicates that the variables of interest are explained by the lag
function itself, B¢, a;, and h; is the evolution of time-varying parameters following the
first-order random walk process as proposed by Primiceri (2005) and Koop and Korobilis
(2018). B; is the time-varying coefficient, ® is phi, a; is the evolution sequence of structural
information, and #; is the evolution sequence of stochastic volatility. On the other hand,
vy ~ N(0,04), ¢; ~ N(0,Qp) and & ~ N(0,();,) denote a new error term note correlated
with the matrix (29).

t I, O 0 0
e o oag 0 0

V =Var = ol =lo 0 a o (29)
E»t 0 O 0 Qh

The paper follows Primiceri (2005) and Koop and Korobilis (2018) to select 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) to
investigate 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 B, 4, h, V, phase2 has | a, h, V,y; Qﬁ‘ﬁ, phase 3has alB, h, V,y; Qyla,
phase 4 has h|B,a, V,y; Q|h, and phase 5 returns to phase 2.

4. Results

Table 2 shows descriptive statistics of economic variables from 1990 to 2021. The GDP
is found to have a mean of 2.06%. The level of AOLR is found to have an average of 0.59%
between 1979 and 2022. The AKLR is found to have a mean of 0.16%. The CPI is found to
have a rate of 6.64% over the period reflecting the mean. The M3 is found to be 11.56%,
and the IR is found to be 9.57% between 1990 and 2021 on average. The ORE is found to
have a mean of 10.85%. The FIR is found to have a rate of 1.73% over the period reflecting
the mean.

Table 2. Descriptive statistics.

Economic Variable Obs Mean Std. Dev. Min Max
GDP 32 2.065625 2.499498 —6.3 5.6
AOLR 32 0.5950934 2.139125 —4.33227 422754
AKLR 32 0.1698881 1.969614 —2.33134 5.218176
CPI 32 6.645674 3.44028 —0.6920303 15.3348
M3 32 11.56425 5.629705 3.468127 23.25785
IR 32 9.573093 3.913039 3.92583 17.80583
ORE 32 10.85942 3.319646 6.359328 16.4591
FIR 31 1.731935 1.472101 0.5 6.02

Table 3 shows the correlation between economic variables. Most of the economic
variables of interest considered in the paper are found to have a positive correlation with
GDP except AKLR, CPI, and IR. These results are similar to those of Meyer et al. (2018),
who found a correlation value of 0.9742 between M3 and CPI. In this paper, there is 0.1704
between M3 and CPI.
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Table 3. Correlation between economic variables.
Economic GDP AOLR AKLR CPI M3 IR ORE FIR
Variable
GDP 1.0000
AOLR 0.8547 1.0000
AKLR —0.2295 0.1823 1.0000
CPI —0.3187 —0.5907 —0.3638 1.0000
M3 0.4327 0.3890 —0.0977 0.1704 1.0000
IR —0.0425 —0.3793 —0.6280 0.7211 0.4455 1.0000
ORE —0.2746 —0.2060 —0.2003 —0.1383 —0.2299 0.0371 1.0000
FIR 0.4924 0.5190 0.0785 —0.3793 0.5788 —0.0811 —0.2059  1.0000

Table 4 shows the Dickey—Fuller and Phillips—Perron tests for the unit root with the
result that at a level, the unit root null hypothesis could not be rejected, as it was not
stationary at the level for all economic variables considered except for GDP. All variables
are found to have stationarity at first difference.

Table 4. Dickey-Fuller and Phillips—Perron tests for the unit root.

Dickey-Fuller Test for Unit Root Phillips—Perron Test for Unit Root
Test 1% 5% 10% Test 1% 5% 10%

GDP Z(t) —3.747 =3.709 —2.9583 —2.623 1 —-3.709 —29583 —2.623
D.AOLR Z(t) —-5487 3716 —2986 —2.624 5487 3716 —2986 —2.624
D.AKLR Z(t) —-8280 3716 —298 —2.624 —8280 3716 —2986 —2.624
D.CPI Z(t) —-5123 3716 —298 —2.624 5123 3716 —2986 —2.624
D.M3 Z(t) —4.380 —3.716 —298 —2.624 —4380 3716 —2986 —2.624
D.IR Z(t) -3903 -3716 —298 —2.624 3903 3716 —2986 —2.624
D.ORE Z(t) -3.111 -3716 —298 —2.624 3111 -3716 —2986 —2.624
D.FIR Z(t) -5378 —-3.723 2989 2625 5378 3723 2989 —2.625

MacKinnon approximate p-value for Z(t) = 0.0000; the number of obs = 31.

Variables

The TVP-VAR results are shown in Table A1, which shows the posterior means, stan-
dard deviations, 95% credible intervals, convergence diagnostics (CD) of (Geweke 1992),
and inefficiency factors computed using the MCMC sample. The CD statistics are less
than unity, and the inefficiency factors are less than 100. In the estimated result, the null
hypothesis of convergence 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 state
variables. Figures A1 and A2 show the sample autocorrelation function, the sample paths,
and the posterior densities for the selected parameters. After discarding the initial 2000 sam-
ples in the burn-in period, the sample paths look stable, and the sample autocorrelations
drop smoothly.

Table 5 reflects the Markov chain dynamic regression model for the gross domestic
product from 1990 to 2021. The result is of interest to the estimation of the impact of money
supply on economic growth in different states. In state 1, estimation 1, GDP is found to
have a negative gross domestic product state mean” rate of 2.00%, which is statistically
significant at a 5% p-value. In estimation 4, it is found that a 1% increase in M3 results in a
0.70% fall in GDP holding all other factors constant, and it is statistically significant at a 5%
p-value. This implies that M3 in state 1 does not predict any positive effect on economic
growth. The result is consistent with the theoretical assertion of Monetarists who assumed
that money supply affects the price level, not the real GDP or unemployment level. South
Africa cannot afford to be in this state of the economy, as it may not be able to fight other
macroeconomic challenges of poverty, inequality, and unemployment. Moreover, this state
of the economy will reflect that South Africa is far off in achieving the objective of the NDP
of having an economic growth rate of 5%. Given that in this state there is negative growth
output, an increase in the money supply may be detrimental as it can lead to much money
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chasing few goods. In a event of an increase in the price level. This would not be good for
the general public as the wage sticks; therefore, the real wage will fall and affect aggregate
consumption and the fall in the gross domestic product. In this, the increase in the money
supply may have several negative multiplier effects. In state 2, estimation 1 of GDP is
found to have a positive mean of 2.75%, which is statistically significant at a 1% p-value. In
estimation 4, it is found that M3 is statistically insignificant at a 5% p-value. This is in line
with Keynesians’ view that the money supply has a limited influence on economic growth.
However, when the monetary policy instrument of IR is not factored in, it is found that
there is a 1% increase in M3, and estimation 3 is found to increase GDP by 0.03%. This
result suggests that in a positive economic growth state with less monetary policy through
the interest rate, money may have a positive spillover on economic growth. These results
are similar to those found by Denbel et al. (2016).

Table 5. Markov-switching dynamic regression for gross domestic product.

Estimations
Economic
Variables 1 2 3 4
GDP GDP GDP GDP
State 1
AOLR 0.316 *** 1.255 *** 0.518 ***
(3.55) (15.99) (6.94)
AKLR —0.888 *** —1.107 *** —0.593 ***
(—15.73) (—24.51) (—16.56)
CPI 1.773 *** —0.0401 0.0855
(7.34) (—0.73) (1.17)
M3 —0.169 *** —0.708 ***
(—=5.79) (—13.19)
IR 0.592 ***
(9.65)
_cons —2.003 * —6.924 *** 3.102 *** 1.359 ***
(—2.64) (—6.44) (10.16) (6.36)
State 2
AOLR 1.015 *** 0.927 *** 0.998 ***
(31.91) (24.69) (43.19)
AKLR —0.230 *** —0.213 *** —0.202 ***
(—8.29) (—8.70) (—10.60)
CPI 0.0486 * 0.0104 —0.00610
(2.45) (0.45) (—0.52)
M3 0.0399 *** 0.00901
(4.62) (1.24)
IR 0.0432 **
(3.00)
_cons 2.757 *** 1.313 *** 1.148 *** 1.137 ***
(6.91) (7.96) (6.67) (9.64)
N 32 32 32 32

t statistics in parentheses; * p < 0.05, ** p < 0.01, *** p < 0.001.

Table 6 reflects the Markov chain dynamic regression model from 1990 to 2021. The
results are of interest to the estimation of the impact of money supply on inflation in
different states. In state 1, estimation 1 of CPI is found to have a mean of 5.70%, which is
statistically significant at a 1% p-value. In estimation 4, it is found that a 1% increase in
M3 results in a 0.05% fall in CPI holding all other factors constant, and it is statistically
significant at a 5% p-value. These results are similar to those of Sean (2019), who found
that the money supply induces an inflation rate of 0.13%. State 1 inflation means is within
the target of 3% to 6%, and the result implies that the monetary tool of the money supply
is effective in stabilising prices when inflation is within range. In state 2, estimation 1 of
CPI is found to have a mean of 13.24%, which is statistically significant at a 1% p-value. In
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estimation 4, it is found that a 1% increase in M3 results in a 0.35% increase in CPI holding
all other factors constant, and it is statistically significant at a 1% p-value. This result
suggests that the monetary instrument of the money supply is not effective in reducing the
price level when the inflation rate is above the range of 3% to 6%.

Table 6. Markov-switching dynamic regression for inflation.

Estimations
Economic
Variables ! 2 3 4
CPI CPI CPI CPI
State 1
M3 0.160 0.0238 *** —0.0576 ***
(1.45) (0.17) (—0.70)
GDP 0.672 *** 0.283 0.600 ***
(4.88) (1.32) (4.17)
IR —0.844 *** —0.589 ***
(—3.98) (—3.41)
ORE —0.822 —0.536
(—1.34) (—1.47)
FIR —0.204
(—1.65)
_cons 5.703 *** —4.498 16.06 *** 10.14 **
(11.97) (—1.89) (4.47) (3.03)
State 2
M3 —0.0699 0.245 *** 0.358 ***
(—0.75) (1.26) (3.43)
GDP 0.914 *** 0.403 —0.0770
(8.36) (0.96) (—0.45)
IR 0.222 0.239
(1.05) (1.82)
ORE —1.141* —1.139 ***
(—2.39) (—3.73)
FIR —0.697 **
(—2.95)
_cons 13.24 *** 0.0977 —0.323 3.512 **
(6.66) (0.12) (—0.14) (2.91)
N 32 32 32 32

t statistics in parentheses; * p < 0.05, ** p < 0.01, *** p < 0.001.

Figure 1 reflects state 1 to 2 filter transition probabilities and the data of GDP and
CPI. Figure 1 graph a reflects the filter transition probabilities for state 1 for GDP, which is
characterised by a negative mean of 2.00%. The GDP is found to move to state one in two
episodes, first in 1994 and second in 2019. This reflects that most of the time, South African
economic growth is not prone to stay in a negative state. As such, the result reflects that the
economy may recover faster in the occurrence of a recession. Figure 1 graph b reflects the
filter transition probabilities for state 2, which is characterised by a negative mean of 2.84%.
It is found that the economy moved to this state three times. The economy was in state 2
from 1994 to 2008. The economy moved back to this state from 2010 to 2018, and the last
move to this state was in 2021. Figure 1 graph c reflects states 1 to 2 for GDP moving from
state to state over time. Figure 1 graph d reflects the filter transition probabilities for state 1
for CPI, which is characterised by a mean of 5.70%. CPI is found to move to state one from
1996 to 2021. Figure 1 graph e reflects the filter transition probabilities for state 2, which
is characterised by a negative mean of 13.24%. The economy moved to this state in 1993.
Figure 1 graph f reflects states 1 to 2 for CPI moving from state to state over time.
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Figure 1. Transition probability to different states for GDP and CPI. Note: GDP is the gross domestic
product, CPI is the inflation rate, S_CPI_statel, S_CPI_state2, S_GDP_statel, and S_GDP_state2
reflect different states, and GDP_mean and CPI_mean reflect the average mean of GDP and CPI in the
period of investigation. The state mean reflects the average of that economic variable interest when it
is in that particular state. A state will run for a specific period; therefore, the model can generate the
mean or average.

Table 7 shows the transition probabilities of the two states for both GDP and CPI.
There is a 91% chance that GDP will move from state one and return to state one. However,
there is a 93% chance that GDP will move from state two and return to state two. For CPI,
there is an 84% chance that CPI will move from state one and return to state one. There
is evidence that there is an 80% chance that CPI will move from state two and return to
state two.

Table 8 reflects the expected duration to be spent in each state. It is found that GDP
will be in state 1 for 11 years and spend 16 years in state 2. On the other hand, CPI is
expected to be in state 1 for 6 years and 5 years in state 2.
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Table 7. Transition probabilities.

Estimate for GDP

Estimate for CPI

Transition Probabilities

Transition Probabilities

P11
P21

0.9162037 P12
0.0615749 P22

0.0837963 P11
0.9384251 o1

0.8492753 P12
0.1985816 P22

0.1507247
0.8014184

Number of obs = 31

Number of obs = 31

Table 8. Expected duration.

Estimate for GDP Estimate for CPI
States Expected Duration States Expected Duration
State 1 11.93371 State 1 6.634613
State 2 16.24039 State 2 5.035713

Number of obs = 31

Number of obs = 31

Figure 2 shows the time-varying posterior of impulse response shocks to gross do-
mestic product. In Figure 2, graph d, there is a reflection of the shock €3 +— GDP of M3
to GDP. It is found that M3 shock results in a fall in the GDP in the first year by 0.15%.
The GDP after that starts becomes to be cyclical with the increase rate to 1% and thereafter
decreasing to 0.15%. In year 4 after the shock of M3, GDP begins to increase until it reaches
equilibrium levels in year 6. Thereafter, GD P operates above equilibrium with a maximum
rate of 0.11%. Figure 2, graph e, shows the impact of the shock ecp; T— GDP of CPI on
GDP reflects the decrease in the GDP for two consecutive years with a negative rate of 0.1%
and 0.6% in the respective first two years. The effect of high price levels in the economy
state filters out as GDP increases from year 2 to 6. However, a 2-year decrease in GDP
takes 4 years to recover after the shock of CPI. GDP increases until it reaches a maximum
of 0.2% in year 8 and thereafter moderates down to 0.1%. Figure 2, graph f, shows the
shock ejr T— GDP impact of IR on GDP. The IR reflects that there is a sharp increase in
GDP to 0.3%, which is a historical value recorded compared to other shocks in Figure 2.
The sharp increase in year 1 is followed by a decrease in year 2, where GDP reaches a rate
of 0.9%. There is a downwards trend thereafter as the shock filters out. Nevertheless, the
GDP still operates above equilibrium.
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Figure 2. Time-varying posterior of impulse responses shocks to gross domestic product. Note the
description for cpi is the inflation rate, m3 money growth rate (money supply), aolr average output
labour ratio, aokr average output capital ratio, gdp economic growth rate, and ir nominal interest rate.

Figure 3 shows the time-varying posterior of impulse response shocks to inflation.
Figure 3, graph b, shows the shock &3 T— CPI of M3 to CPI. It is found that M3 shock
results in an increase in the CPI which is increasing at a decreasing rate up until it reaches
the maximum of 0.39%. Thereafter, the shock filters out in year 12, which shows that it
takes 9 years for the shock to filter out in the economic system. Figure 3, graph c, shows the
shock egpp T— CPI of GDP to CPI. The result of the GDP shock to CPI is similar to the
M3 shock to CPI with the difference in the magnitude, as the GDP results in an increase
in CPI by 0.29% at the maximum reached in year 4 after the shock. The shock of the GDP
after year 4 starts to filter out. However, the inflation rate operates above equilibrium.
This reflects that there is no full recovery from high price levels when there is a positive
shock in GDP. Figure 3, graph c, shows the shock e;g t— CPI of IR to CPI. The IR is one
of the conventional monetary policy instruments. The positive shocks of IR result in the
desired result of a decrease in inflation. However, this decrease is marginal, with a rate
of 0.03% in year 1 after the shock. Thereafter, inflation starts to increase until it reaches
a maximum of 0.13% in year 5. After the maximum is reached, inflation moderates but
operates above equilibrium.
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Figure 3. Time-varying posterior of impulse responses shocks to inflation. Note the description for
cpi is the inflation rate, 13 money growth rate (money supply), gdp economic growth rate, ir nominal
interest rate, ore exchange rate, fir foregine interest rate and ir nominal interest rate.

5. Conclusions

This paper investigates the impact of the money supply on inflation and economic
growth in South Africa from 1990 to 2021. The paper acknowledges that there are no
censuses on the empirical and theoretical levels of the impact of money supply, inflation,
and economic growth. The economic variable of interest, economic growth, is pretesting
below the target of 5%, as is the National Development Plan, and the mean of the study
period is 2.06%. On the other hand, inflation has reflected floatation, and in recent times, it
has been in the high band of 6%. On the other hand, the rand value of the money supply,
which is part of unconventional monetary policy, has increased over the years. The key
economic question of this paper is as follows: what is the impact of money supply on
economic growth and inflation in a different state? Therefore, the sub-questions are as
follows: What is the probability of economic growth and inflation moving from state to
state? How long will economic growth and inflation be in a state? What is the time-varying
elasticity impact of money supply on economic growth and inflation in different states?
What is the impact of money shocks on economic growth and inflation?

The theoretical framework of Cobb-Douglas was used to investigate the impact of
the money supply on economic growth. On the other hand, the classical quantity theory
of money was used to investigate the impact of the money supply on inflation. Markov-
switching dynamic regression (MSDRM) and time-varying parameter structural vector
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autoregression (TVP-VAR) were adopted for estimation. There are two states for economic
growth found, one with a negative rate of 2.00% and the other with a positive rate of
2.75%. There is a 91% and 93% chance that the economy can move and return to the
same state both in states one and two. Currently, South Africa is in a positive state, which
increases optimism that the money supply can further be used as an instrument to increase
economic growth to meet the macroeconomic objectives outlined in the NDP to achieve
5% economic growth. However, given the high chance of staying in a negative state as
well, the money supply has a negative impact on economic growth. This reflects that South
Africa’s economy is fragile, and monetary tools may not be accommodative in the effort to
restore aggregate demand. In such an event, South Africa will likely have a recession and
monetary policy may not be fully effective in assisting the economy in recovery.

Similarly, inflation is found to have two states characterised by a mean rate of 5.70%
and 13.24% with 84% and 80% changes in moving and returning to states 1 and 2, respec-
tively. State one is better since it reflects a mean that is within the range of the inflation
target of 3% to 6%. Moreover, the money supply is found to reduce inflation, which reflects
the effectiveness of monetary policy in reducing inflation. Based on the results, monetary
policy should be planned to maintain price stability by controlling the growth of the money
supply in the economy. State two reflects the time when the SARB was not under inflation
targeting. If the economy reaches this state the money supply is not effective in reducing
inflation, as it results in a 0.35% increase in the inflation rate.

Money supply has a prime impact on economic growth, and money supply shocks
are found to have a negative impact on gross domestic product. However, the money
eventually moves economic growth above equilibrium in year 8. This, therefore, implies
that monetary policy instruments play an important role in output growth and other
macroeconomic policies in the long run. As such, it is recommended that the money supply
be used for the long-run plan rather than the short-run plan. The estimated money supply
reflected that there would be an increase in the inflation rate. Therefore, it implies that
monetary expansion has continued as the key contributing factor to the persistent increase
in the price level in South Africa. The stability of the overall price level will be impacted by
the money supply; thus, South African monetary authorities need to exert stronger control
over it. This will assist in avoiding inflation by moving to the economic state that is 2 times
above the higher band inflation target.
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Appendix A

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

Parameter Mean Stdev 95% U 95% L Geweke Inef.
sbl 0.0029 0.0006 0.002 0.0043 0.157 9.97
sb2 0.0028 0.0006 0.002 0.0042 0.346 6.59
sal 0.0056 0.0016 0.0034 0.0097 0.912 12.51
sa2 0.0058 0.0022 0.0034 0.0109 0.319 26.66
shil 0.0056 0.0017 0.0034 0.01 0.995 14.81

sh2 1.5984 0.4177 0.9125 2.5323 0.42 11.63



https://drive.google.com/drive/folders/1nGN4vV5f754yPebMeuUXl8-lakoMBSVR?usp=share_link
https://drive.google.com/drive/folders/1nGN4vV5f754yPebMeuUXl8-lakoMBSVR?usp=share_link

Economies 2023, 11, 64 18 of 22
Table Al. Cont.
Parameter Mean Stdev 95% U 95% L Geweke Inef.
TVP-VAR model (Lag = 1) Iteration: 20000

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

sb1 0.0029 0.0006 0.002 0.0043 0.157 9.97

sb2 0.0028 0.0006 0.002 0.0042 0.346 6.59

sal 0.0056 0.0016 0.0034 0.0097 0.912 12.51

sa2 0.0058 0.0022 0.0034 0.0109 0.319 26.66

shl 0.0056 0.0017 0.0034 0.01 0.995 14.81

sh2 1.5984 04177 0.9125 2.5323 0.42 11.63

TVP-VAR model (Lag = 1) Tteration: 20000
@s,, B, s, (@s,, @, s,y
| | 1 | | 1
0 0 0 0 0 = 0 a

-1 -1 -1 -1 -1 -1

0 200 400 0 200 400 0 500 0 500 0 200 400 0 200 400

%107 ®)s,, Ds,,
4

0.02

0.01

(=]
(3]

4000 4000 6000
2000 2000 e
2000
0 0 0

3 4 3 4

x107 %1073

0

0.01

0.02

5000

0.01

0.02

6000
4000
2000

<

8000

6000
4000
2000

0.02 0

0.02

Figure A1. Estimates of the moments and posterior distributions of the model for GDP. Note: Sample
autocorrelations (top), sample paths (middle), and posterior densities (bottom).



Economies 2023, 11, 64 19 of 22
) (a)s_bl ) (b)s_b2 i (c)s_al ) (d)s_a2 ) (e)s_hl | (f)s_h2
0.5 0.5 0.5 0.5 0.5 0.5
0 0 0 0 A 0 — 0 f— .
0.5 0.5 -0.5 0.5 0.5 -0.5
-1
: -1 -1 -1
Y 200 400 0 200 400 0 0 200 400 0 200 400 0 200 400
o X 103 (@sb1 w103 sy, sy, s,
0.02

4000
3000
2000
1000
0

2 3

1073
(a)Data: GDP
: AM/N

-5
-10

0 20

S

4.5

3.5

20 30

4000
3000
2000
1000

[

f=l

4

-6

(Sg)SV o? = exp(h;): GDP

0.7

0.6

0.5

0.4

8000

6000

4000

2000

=]

4
%107

0.01 0.02

6000
4000
4000
2000 2000
0 0
0 0.01 0.0

®)s,,

x10

(i)sn2
W 0
0 1 2

4

0.01

2

(=]

0

10000

5000

0.02

(=1

0.02

Figure A2. Estimates of the moments and posterior distributions of the model for CPI. Note: Sample
autocorrelations (top), sample paths (middle), and posterior densities (bottom).
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Figure A3. Actual data (top panels), posterior mean estimates for stochastic volatility of the structural
shock for GDP (bottom panels).



Economies 2023, 11, 64 20 of 22

a)Data: CPI b)M3 ¢)GDP d)IR
0@ s (b) s (©) 0 (d)
5
\ n /\\
| o ) |
1) n
\ A I\
\\\;“ st \ \‘ | “
\ [/
0 | ‘/ | [N “ 0 /
0 H+—— i
' /|
WU | [
s x A a
I S WA i ) \‘
/ | — |
|
10 -10 -5
0 20 0 20 0
(2)SV o2 = exp(hy): CPI (h)M3 (i)GDP ()IR (k)ORE ()FIR
16 7 3.5 1.6
1.4
6
1.3
55 14 6 3 1.4
5 1.2
45 12 ] 5 1.1 2.5 1.2
4 1
10 4 2 1
35 0.9
3 8 3 08 1.5 0.8
10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30
— Posterior mean 1SD bands
Figure A4. Actual data (top panels), posterior mean estimates for stochastic volatility of the structural
shock for CPI (bottom panels).
Notes

States define periods of low rates and high rates of economic variables of interest.

The state mean reflects the average of that economic variable interest when it is in that particular state. A state will run for

a specific period. Therefore, the model can generate the mean or average of the gross domestic product or inflation in a
particular state.
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