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Abstract: The excess levels of investor participation coupled with irrational behaviour in the South
African bond market causes excess volatility, which in turn exposes investors to losses. Consequently,
the study aims to examine the effect of market-wide investor sentiment on government bond index
returns of varying maturities under changing market conditions. This study constructs a new market-
wide investor sentiment index for South Africa and uses the two-state Markov regime-switching
model for the sample period 2007/03 to 2024/01. The findings illustrate that the effect investor
sentiment has on government bond indices returns of varying maturities is regime-specific and
time-varying. For instance, the 1–3-year government index return and the over-12-year government
bond index were negatively affected by investor sentiment in a bull market condition and not in
a bear market condition. Moreover, the bullish market condition prevailed among the returns of
selected government bond indices of varying maturities. The findings suggest that the government
bond market is adaptive, as proposed by AMH, and contains alternating efficiencies. The study
contributes to the emerging market literature, which is limited. That being said, it uses market-wide
investor sentiment as a tool to make pronunciations on asset selection, portfolio formulation, and
portfolio diversification, which assists in limiting investor losses. Moreover, the findings of the study
contribute to settling the debate surrounding the efficiency of bond markets and the effect between
market-wide sentiment and bond index returns in South Africa. That being said, it is nonlinear,
which is a better modelled using nonlinear models and alternates with market conditions, making
the government bond market adaptive.

Keywords: bond indices; investor sentiment; principal component analysis; bull and bear regimes

JEL Classification: G41; G11; G14

1. Introduction

The development of the South African bond market can be traced back to the 1970s
and early 1980s, when the trading of bonds occurred informally. In the mid-1980s, trading
became formalised, and the Bond Market Association (BSA) was formed (Radier et al. 2016).
This was later changed to the Bond Exchange of South Africa (BESA), which is a subsidiary
of the Johannesburg Stock Exchange (JSE) (JSE 2013). The growing prominence of the
South African bond market, coupled with limited regulation of investor participation, has,
over the years, made it one of the leading bond markets in Africa. It is considered the
largest debt market in Africa according to market capitalisation and liquidity, with a value
of outstanding bonds in 2022 at R1.8 trillion (JSE 2024b). For example, the trading that
takes place on the BESA accounts for 90 percent of turnover in Africa (Capital Markets
Authority 2012), with the average daily trading valued at R25 billion (JSE 2024b). Moreover,
the South African bond market is the most diversified in Africa, with government bonds
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accounting for the most issues (55 percent) of all bond classes, and it includes indices of
varying maturities (1–3-, 3–7-, 7–12-, and over-12-year).

Despite the attractive characteristics of the South African bond market, it is also
prone to increased market uncertainty. The added uncertainty can be attributed to the
limited financial market regulation on foreign investor participation, which means that
investor participation is at elevated levels (Radier et al. 2016). At face value, this may
seem beneficial to the liquidity of BESA, which enhances economic growth, but it also
has limitations. Amplified market participation is found to not only increase the liquidity
of the bond market but also increase volatility (Beirne et al. 2024). This is due to the
bond market comprising different types of market participants that include rational and
irrational investors. Rational investors base their investment decisions on fundamental
information, but irrational investors make use of non-fundamental information in their
decision-making (Muhammad and Ismail 2008). The difference between the two types of
investors causes bond prices to deviate from their fundamental values. Given that the bond
market is highly competitive due to an increase in the number of investors, the mispricing
does not reach fundamental value (Lewis et al. 2021). As such, irrational investors identify
the mispricing and switch their investments from one bond security to another, causing
an increase in bond market volatility. The added market volatility causes bond securities
prices to fluctuate, which in turn influences return perspective and portfolio diversification,
leaving investors with increased losses.

Consequently, academics have attempted to understand how investor irrationality
influences bond security returns by introducing investor sentiment measures to capture
irrational investor behaviour. These measures include surveys, lexicons, and proxies.
However, many studies have argued against using surveys and lexicons as a measure of
investor sentiment. For example, Baker and Wurgler (2007) argue that surveys are centred
around a specific group of individuals and, as such, they do not capture market-wide
investor sentiment. Bormann (2013) argues that surveys are subjected to many influences
such that there are significant gaps between how individuals respond to surveys and how
they behave in reality. Beer and Zouaoui (2013) argue that surveys do not illustrate current
sentiment; rather, they contain past and current opinions, which distort the true measure of
sentiment for the sample period. On the other hand, Baker and Wurgler (2006) argued that
sophisticated automated programmes are required for lexicons, and there is a need for news
agencies and financial journals to have a large following such that the tone from the articles
can be gleaned. Against this backdrop, Baker and Wurgler (2007) introduced the principal
component analysis (PCA) to combine proxies of investor sentiment in a composite index.
The advantage lies in the ability of composite indices to capture market-wide sentiment
at different angles as they consider different sources of information, which filters out the
idiosyncratic noise to reflect changes in sentiment, whereas surveys and lexicons do not.

Despite having a robust measure for market-wide investor sentiment, the literature is
still inconclusive in emerging markets like South Africa, as some studies find that investor
sentiment has a positive effect on bond returns (Zaremba and Szczygielski 2019; Soja and
Pavkovic 2022), while some studies find it negative (Li 2021; Beirne et al. 2024). However,
the new body of literature produced by Lo (2004) suggests that investor sentiment should
have a nonlinear effect on bond market returns. According to Lo (2004), the effect investor
sentiment has on government bond returns is dependent on the state of the bond market,
such that the effect will alternate between a bull and bear market condition. Studies by
Nayak (2010) and Pineiro-Chousa et al. (2022) have embraced the concept of the adaptive
market hypothesis, but these studies are isolated to developed markets with little emphasis
placed on emerging bond markets.

On this basis, the study objective is to examine the effect of investor sentiment on
government bond indices returns of varying maturities under bull and bear market condi-
tions. In achieving the study’s objective, the following research questions will be answered:
1—How do different government bond indices of varying maturities respond to changes in
investor sentiment in a bull and bear market condition? 2—How does investor sentiment
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influence the overall government bond returns in changing market conditions? 3—How
do market conditions vary across the government bond indices of varying maturities?
In answering the following research questions, the study contributes to the literature in
many ways. This study is the first to develop a market-wide investor sentiment index in
South Africa that captures foreign investor sentiment and general consumers, which is an
essential determinant of a robust market-wide investor sentiment index. The findings of
the South African bond market is in reference to market sentiment, this allows investors to
use the findings of the study as a tool for asset selection, portfolio rebalancing and portfolio
diversification. Furthermore, the study contributes to the limited literature in emerging
markets, such as South Africa, by introducing the nonlinear effect between investor senti-
ment and bond market returns. Therefore, the study introduces bond indices of varying
maturities with a new methodology (Markov regime-switching model) to analyse the non-
linear relationship in South Africa. The study focuses on the efficiency of the South African
government bond market by introducing AMH. Therefore, the South African Reserve Bank
(SARB) can use the findings of the study to develop financial market regulations that align
with the South African government bond market being adaptive, such that bull and bear
market conditions make the South African government bond market efficient or inefficient
at different periods.

The remaining order of the study is as follows: the Literature Review section is
presented in Section 2, and thereafter, Section 3 presents the methodology, which includes
data and empirical model descriptions. Section 4 presents the preliminary and empirical
results, which are followed by the discussion of results in Section 5. Section 6 presents the
conclusion, which includes the implications and recommendations of the study.

2. Literature Review
2.1. Market Behaviour Conceptualisation

The prospect theory was developed by Kahneman and Tversky (1979) and is one of
the foundational theories of behavioural finance. The theory postulates that in the presence
of risk, investors’ decisions on final asset positions are based on the value attained to gains
and losses. Investors are more sensitive to losses than proportional gains, which is known
as loss aversion. The foundation of the prospect theory is based on three principals. First,
this includes the reference point, which is determined by the value of the prospect. Second,
the assumption is that investors do not have the same risk tolerance, which makes the
value function concave for gains and convex for losses. Lastly, losses are greater than gains,
as proposed by the concept of loss aversion. In addition, it is noted that investors consider
their risks and prospects in isolation. Therefore, investors require a higher return for the
higher risk they take because they are averse to losses. If investors are more prone to losses,
this will cause negative sentiment in the market, while if investors are more prone to gains,
this will cause positive sentiment as investors’ behavioural biases, emotions, beliefs, and
levels of risk tolerance contribute to overall sentiment in the bond market.

Despite the prospect theory being the fundamental theory for behavioural finance, it
ignores the possibility of irrational investors earning excess returns, which makes markets
inefficient. Consequently, Shefrin and Statman (1994) developed the behavioural capital
asset pricing theory. The theory served as an alternative to asset pricing models such as
the capital asset pricing model (CAPM) and arbitrage pricing theory (APT). The authors
suggest that the bond market is not efficient as proposed by the efficient market hypothesis
owing to noise traders, which cause bond pricing to deviate from its fundamental value.
The theory considers that excess returns can be earned because of the irrational behaviour
of investors (Nanayakkara et al. 2019). Hence, the risk associated with bond pricing is
not the only factor to consider but also psychological factors and cognitive errors that
influence bond prices and returns. Therefore, Shefrin and Statman (1994) suggested that
noise traders should be considered when pricing bonds and determining their yield. The
price and demand for bonds will increase when investors’ psychological and cognitive
errors enhance the selection of securities in the bond market; the opposite is also true.
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This means that when investors perceive the outlook of the bond market to be positive,
then market sentiment will be positive, thereby increasing the demand and price of the
bond security, whereas if the investor’s outlook of the market is pessimistic, then market
sentiment will be negative, thereby decreasing the demand and price of the bond market
security. Despite the ability of the behavioural capital asset pricing theory to explain the
inefficiency of the bond market, many academics criticised the theory for not being able
to explain alternating efficiencies. In an attempt to rectify this, Lo (2004) developed the
adaptive market hypothesis (AMH).

The basis of AMH incorporates key evolutionary concepts such as natural selection,
competition, and adaption, which influence investors’ cognitive thinking. Hence, investors’
decisions in the bond market are based on past experiences, whereby the negative and
positive outcomes of investor decisions cause them to adapt to outcomes in the bond
market. These experiences bring about heuristics that cause investors to behave differently
and ultimately give rise to market conditions such as bull and bear regimes (Lo 2005).
As a result, this causes different levels of sentiment in the market, and, as such, investor
sentiment should have an alternating effect on bond market returns in a bull or bear regime,
making the effect nonlinear. Moreover, the presence of economic conditions causes the
bond market to contain alternating efficiency. The bond market may be efficient for a period
of time, but it could change to be inefficient given the type of economic condition and
investors’ heuristics in the bond market.

2.2. Review of Empirical Literature

The growing prominence of the bond market as an alternative to risk-free investments
has caused scholars to examine the determinants of bond market returns both interna-
tionally and locally. Many studies have highlighted factors such as country risk and
macroeconomy as determinants of bond market returns. However, the focus has shifted
towards investor sentiment. For example, Lee and Kim (2019) examined the effect of
investor sentiment on zero-coupon bond risk premia of China for the period 2006 to 2016.
The study constructed a monthly market-wide investor sentiment index using proxies as
proposed by Baker and Wurgler (2006). The methodology of Cochrane and Piazzesi (2005)
indicated that investor sentiment can be used to predict the risk premia of zero-coupon
treasury bonds, where the predictability power is much higher during the 2008 financial
crisis. The findings demonstrate that market sentiment is an important determinant of
bond risk premia in China. Islam (2021) also used a market-wide investor sentiment index,
but the aim was to examine the effect of investor sentiment on the United States (U.S.)
corporate bond returns. The capital asset pricing model (CAPM) for the sample period
January 1989 to December 2018 demonstrated that low-equity market sentiment causes
investors to switch their investments to the bond market, whereas high-equity market
sentiment does the opposite. Moreover, bond returns with low investor sentiment exposure
outperform high-sentiment-exposed funds across the sample period.

In a similar study, Soja and Pavkovic (2022) examined the effect of investor sentiment
on German bond market indices of varying maturities. The dependent variable consisted
of monthly 2-, 5-, and 10-year bond indices returns, whereas the independent variables
consisted of the Sentix confidence index for the period 2014 to 2021. The results of the
linear autoregressive model demonstrated that investor sentiment has a significant positive
effect on government bond indices returns of varying maturities. The sentiment in the
market must be continuously monitored to limit excess volatility in the returns of bonds.
Similarly, Cornaggia et al. (2022) used the vector autoregressive (VAR) model and Granger
causality test to examine the effect of investor attention on U.S. municipal bond returns.
The study findings show that investor attention, as measured by the Muni insurance index,
has a short- and long-term effect on municipal bond returns for the period 2006 to 2016.
Moreover, investor attention at a retail and institutional level Granger causes municipal
returns. The findings highlight the importance of considering investor sentiment in the
bond market.
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In a more recent study, Shen et al. (2023) examined the ability of investor sentiment
to predict U.S. bond returns for the sample period 1988–2014. The Thomson Reuters
MarketPsych monthly investor sentiment index was used to determine the different levels
of emotions in the bond market. The findings of the VAR and Granger causality test suggest
that when investors are optimistic and joyful, it has a positive effect on treasury bond
returns in the short run and long run. However, when investors are pessimistic, it has
a negative effect. Furthermore, investors’ emotions in the U.S. bond market can predict
treasury bond returns in the short term but not in the long term. Beirne et al. (2024)
also looked at investor sentiment and bond returns, but they focused on Asian countries.
The VAR model and Granger causality test demonstrated that the international investor
sentiment index has a significant negative effect on ten Asian countries (Vietnam, Thailand,
Singapore, Philippines, Malaysia, Republic of Korea, Indonesia, India, China, Hong Kong,
and People’s Republic of China) currency bond returns during the period 1999 to 2020.
The findings demonstrate that foreign investor sentiment is an important determinant of
current bond returns and should be considered when examining market-wide sentiment.

The shortcomings of the above studies are such that they are isolated according to
the linear observation between investor sentiment and bond returns. However, the body
of literature has since shifted from the linear to nonlinear effect. For instance, Nayak
(2010) used a market-wide investor sentiment index to examine the time-varying effect of
sentiment on corporate bond yields. The study used monthly data for the period 1996 to
2008 to estimate the Markov regime-switching vector autoregressive model (MS-VAR). The
findings of the study demonstrated that corporate bond yields of varying maturities co-vary
with market-wide investor sentiment. Moreover, investor sentiment has a positive effect
on corporate bond yields in a pessimistic period, whereas a negative effect is observed for
optimistic periods. Similarly, Spyrou (2013) used the VAR model to investigate the effect of
investor sentiment on European government bond yield spread during a stable and crisis
regime. The findings suggest that investor sentiment is an important determinant of bond
yields during the global financial crises. The findings of the study are in line with a study
conducted by Aristei and Martelli (2014), as the same measures for investor sentiment were
used. However, they include more European countries, and the sample period is extended
to December 2012.

In a more recent study, Li (2021) used the ordinary least squared (OLS) method to
examine the effect of investor sentiment on European sovereign bond yields. The finding
shows that investor sentiment has a negative effect on sovereign bond yields and that
investors treat emerging market sovereign bonds as risky assets and not safe haven assets.
The findings are supported by Pineiro-Chousa et al. (2022) since the threshold model
indicated that the Twitter sentiment index has a positive effect on bond yields, whereas
in a bear regime, its effect is negative. The findings of the study are important, as they
demonstrate the nonlinear relationship that exists between investor sentiment and bond
yields, as proposed by AMH.

The review of the empirical literature has highlighted significant research gaps. Firstly,
it is evident that the majority of the literature is centred around the linear effect of investor
sentiment on bond returns as opposed to the nonlinear effect proposed by Lo (2004) in AMH.
Secondly, where there exist studies that have examined the effect of investor sentiment
on bond market returns, these studies are predominantly populated in the international
setting and focused on aggregated bond indices with no emphasis placed on emerging
markets like South Africa and aggregated bond indices. Third, there is no consensus on
the type of effect that investor sentiment has on bond returns, as the empirical literature
demonstrates that it should be linear, whereas others find it to be nonlinear. Fourthly, it is
impossible to find a study in South Africa that examines either the linear or nonlinear effect
of investor sentiment on the bond market. Where the bond market determinants were
examined, it focused primarily on the macroeconomy and country risk (see Obalade et al.
2023; Moodley 2024; Muzindutsi and Obalade 2024). Accordingly, this study contributes
to the above research gaps, as it is the first study in South Africa to consider the effect of



Economies 2024, 12, 265 6 of 23

investor sentiment on the South African bond market under the bull and bear regimes
by specifically examining disaggregated bond indices. Therefore, this study introduces
the nonlinear effect, as proposed by AMH, in emerging markets like South Africa, which
contributes to the unresolved debate surrounding the effect between investor sentiment
and bond indices returns.

3. Methodology
3.1. Data

The study uses monthly time series data for the period of March 2007 to January 2024
to capture important historical events such as the contagion effect of the U.S. dot-com
bubble, the U.S. housing bubble in the early 2000s, the 2008 global financial crises, Euro-
pean debt crises, and the COVID-19 pandemic. More specifically, the study incorporates
government bond indices of varying maturities, as provided in Appendix A. The study
selects government bond indices of varying maturities as they are the most traded bond
instruments in the South African bond market, accounting for 90 percent of liquidity on the
JSE debt board (JSE 2024a). Moreover, investors incorporate government bond indices of
varying maturity in their portfolios, as they provide riskless returns. Therefore, it minimises
portfolio volatility by enhancing diversification (Hatemi-J et al. 2023). Thus, it is vital to
understand how investor sentiment influences government bond indices returns of varying
maturity, especially under changing market conditions. As investor perception deviates
from rational behaviour due to stable or volatile market conditions, which either increase or
decrease bond indices returns and alter the diversification of a portfolio (Chen et al. 2021).
The data were obtained from the Bloomberg database. The investor sentiment measure and
how it was computed are discussed next.

Investor Sentiment

Given that there is no direct measure for investor sentiment and the shortcomings of
surveys and lexicons, the study incorporates the most popular used investor sentiment
measure in the literature, known as the investor sentiment composite index, as proposed by
Baker and Wurgler (2006). Pan (2018), in his study, found contagion across different asset
markets such as the equity, bond, property, commodity, and foreign exchange markets. The
author argued that it is important to formulate a market-wide index that captures the entire
market sentiment. Therefore, this study develops a new market-wide investor sentiment
index for South Africa by augmenting and updating the Muguto et al. (2019) index for the
sample period from March 2007 to January 2024. The proxy used in the newly constructed
market-wide investor sentiment index includes the share turnover ratio, equity issue ratio,
advance/decline ratio, rand/dollar bid–ask spread, South African volatility index (SAVI),
CNN fear and greed index, and the South African consumer confidence index (CCI). The
uniqueness of the newly constructed sentiment index lies in the index’s ability to capture
foreign investor sentiment and general consumers in the South African financial market,
which is yet to be done in South Africa. Refer to Appendix B for a detailed explanation of
each proxy.

The study uses the principal component analysis (PCA) method as proposed by Baker
and Wurgler (2006) to develop the market-wide investor sentiment index. First, the proxies
are standardised so that they have the same unit of measurement. Secondly, the study
orthogonalises the proxies against four macroeconomic variables (inflation, short-term
interest rate, long-term interest rate, and gross domestic product growth rate) to ensure
that they reflect sentiment and not risk factors. Third, the residuals are captured, and the
PCA is rotated as certain proxies take longer to reflect sentiment than others. The newly
constructed market-wide investor sentiment index is given as follows:

SENTt = Sturnt/t−1 + Eissuet/t−1 + AdvDect/t−1 + R/$BidAskt/t−1+SAVIt/t−1 + CNNt + CCIt/t−1 (1)
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where Sturn is share turnover, Eissue is the equity issue ratio, AdvDec is the advance/decline
index, R/$BidAsk is the rand/dollar bid–ask spread, SAVI is the South African volatility
index, CNN is the CNN fear and greed index, and CCI is the consumer confidence index.

3.2. Empirical Model

The study used the Markov regime-switching model to examine the effect of investor
sentiment on government bond index returns of varying maturities under changing market
conditions. It was evident in the literature that the Markov regime-switching model was
the most used nonlinear model when considering varying economic conditions. This
was owing to the bull or bear regime being based on the unobservable state-dependent
factor, which considers the initial-order Markov chain (Hamilton 1989). The various
market conditions are not required as input in the model; rather, the model isolates the
market condition based on the sample period. Thus, the model allows regime changes
under different market conditions, whereas other nonlinear models only consider market
conditions under fixed periods. The Markov regime-switching model that contains a
switching intercept, error variance, and regressors is given as follows:

∆IK = µK + α0YK∆SENT + εYK, (2)

where εYK, i.i.d
(

0,σ2
YK,

)
, ∆I are government bond index returns of varying maturities. µYK

is the state-dependent intercept (mean). σ2
YK,

is the regime-dependent variance of the
returns, and YK = 0, 1 illustrates two regimes, namely bull (0) and bear (1) regime, where
the investor sentiment index contains state-dependent coefficients. ∆INV_SENT is the
change in the market-wide investor sentiment index and the primary independent variable.
εYK is the state-dependent error term.

The study implements control variables as Moodley (2024) found that some macroeco-
nomic variables influence bond index returns of varying maturities under changing market
conditions. Hence, the study controls for these macroeconomic variables to isolate the
effect of investor sentiment. The model with state-dependent control variables is given
as follows:

∆IK = µYK + α0YK∆SENT +φ1YK∆CPI +φ2YK∆ST_INT +φ3YK∆LT_INT +φ4YK∆GDP + εYK, (3)

where ∆CPI is the South African inflation rate growth rate. ∆ST_INT is the South African
short-term interest growth rate. ∆LT_INT is the South African long-term interest growth
rate. ∆GDP is the South African gross domestic product growth rate.

The bull and bear regime follows the first-order Markov process, which is given by the
constant transition probability. The possibility of being in a bull or bear regime is contagion
upon the current state, given as follows:

P(YK = 1|YK−1 = 0) = P01(K) (4)

where 01 is the probability (P) of switching from a bull regime (0) in a period denoted K − 1
to a bear regime (1) in a specific period (K). The probability of switching is constant for all
periods. The matrix for a two-state regime model is given as follows:

P =

⌊
P(YK = 0/YK−1 = 0) P(Yk = 1/Yk−1 = 0)
P(YK = 1/YK−1 = 1) P(YK = 0/Yk−1 = 1)

⌋
=

⌊
P00 P10
P11 P01

⌋
(5)

where P00 is the probability that the bond index return of varying maturity is at a bullish
regime at K − 1 and remained there at time t. P10 is the probability that the returns are at a
bullish regime at K − 1 and moved to a bearish regime at time t. P11 is the probability that
the returns are at a bearish regime at time K − 1 and remained there at time t. P01 is the
probability that the returns are at a bearish regime at K − 1 and moved to a bullish regime
at time t.
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3.3. Preliminary and Diagnostic Tests

A requirement of the Markov regime-switching model is that the dependent and inde-
pendent variables should be nonlinear, have no multicollinearity, and be stationary in levels
and structural breaks. This paper implements the Brock, Dechert, and Scheinkman (BDS)
test for nonlinearity, the variance inflation factor (VIF) test for multicollinearity, augmented
Dicky–Fuller (ADF) unit root test, Kwiatkowski–Phillips–Schmidt–Shin (KPSS) stationarity
test, and ADF breakpoint unit root test. Moreover, the Wald coefficient diagnostic test is
implemented for the PCA to determine if the investor sentiment proxies are significantly
different from each other. Moreover, the Breusch–Godfrey LM and Durbin–Watson autocor-
relation test is implemented to determine the presence of autocorrelation in the residuals of
the Markov regime-switching model.

4. Empirical Results
4.1. Preliminary Tests

In Table 1, Panel A, descriptive statistics are presented for the JSE government bond
indices of varying maturities, the investor sentiment index, and the macroeconomic control
variables. It can be inferred that the 3–7-year government bond index achieves the highest
average return, but the all-bond government index has the lowest average return. It is
further evident that the 3–7-year government bond index also attains the highest return
for the sample period, but the all-bond government index attained the lowest return. The
all-bond government index return is the most volatile as it depicts the highest standard
deviation; this is supported by the values of the maximum and minimum values as the
range is very wide, suggesting that the returns fluctuate frequently. Moreover, the variation
in the analysis suggests that the government bond indices of varying maturities behave
differently when faced with alternating market conditions; thus, market cycles influence
the variation in returns. The 1–7-year government bond index, 3–7-year government bond
index, and over-12-year government bond index are positively skewed, but the all-bond
government index and the 7–12-year government bond index are negatively skewed. The
former suggests that the returns lie to the left of the mean, whereas the latter suggests that
the returns lie to the right of the mean. It is also evident that the kurtosis associated with
the returns of the government bond indices of varying maturities are positive, suggesting
that the returns are leptokurtic distributed. The findings are supported by the Jarque–Bera
test of normality as the study rejects the null hypothesis that the government bond indices
returns are normally distributed, as supported by the significant p-values.

The investor sentiment index has a positive maximum value and a negative minimum
value. This demonstrates that the index captures both positive and negative market-wide
investor sentiment, which is an important determinant of the robustness of the developed
index. Moreover, the mean of the investor sentiment index is negative, and the findings are
in line with the literature as the sample period considers many historical financial market
events like the contagion effect of the U.S. dot-com bubble, the U.S. housing bubble in
the early 2000s, the 2008 global financial crises, European debt crises, and the COVID-19
pandemic. The standard deviation of the investor sentiment index is positive and close to
two; this demonstrates that there are adequate variations of sentiment for the sample period
as captured by the maximum and minimum values. The market-wide investor sentiment
index is positively skewed, whereas the kurtosis is below three. The former suggests that
the observation of sentiment is above the mean sentiment level, whereas the latter suggests
that the distribution has thin tails and flat means. This is confirmed by the Jarque–Bera test
of normality, as the market-wide investor sentiment index is not normally distributed.
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Table 1. Descriptive statistics, preliminary and correlation results.

JSE_GOVI JSE_1_3Y JSE_3_7Y JSE_7_12Y JSE_O_12Y ∆SENT ∆CPI ∆ST_INT ∆LT_INT ∆GDP

Panel A: Descriptive Statistics

Mean −0.502352 −0.128879 −0.024173 −0.038825 −0.167755 −3.76E-16 −0.132988 0.213540 0.161900 0.559387

Median 0.372719 −0.115340 0.043195 0.029722 −0.165184 −0.118030 1.589312 2.894134 2.478913 0.893671

Maximum 7.981858 6.109627 11.20608 8.405047 12.27258 4.623944 2.000001 4.666671 3.698635 2.234494

Minimum −20.76460 −5.688851 −9.979591 −12.48067 −13.53154 −3.490527 −2.461541 −2.286694 −4.285711 −2.336272

Std. Dev. 14.62568 0.977874 1.975486 2.460346 3.105158 1.894287 7.451522 5.137041 3.972216 8.125075

Skewness −13.71336 0.556315 0.278673 −0.321005 0.047871 0.203100 −8.084332 2.304941 −1.038708 0.394540

Kurtosis 13.01059 15.96173 12.61820 6.907236 6.000095 1.980442 1.831448 9.084392 9.948794 4.814744

Jarque–Bera 311727.4 1431.525 785.1064 132.6154 76.20734 11.84423 98.61913 27.52926 51.72474 38.50678

Observations 203 203 203 203 203 203 203 203 203 203

Panel B: Preliminary Tests

BDS 0.0307 *** 0.0256 *** 0.0308 *** 0.0265 *** 0.0157 *** 0.1440 *** 0.0183 *** 0.0187 *** 0.0162 ** 0.0217 ***

VIF - - - - - 1.079316 1.006608 1.073453 1.005046 1.013037

Panel C: Unconditional Correlation Analysis

∆SENT 0.041392 0.079984 −0.071653 −0.086407 −0.085937

N/A

(0.0576) (0.2566) (0.0097) (0.2203) (0.0228)

∆CPI 0.016754 0.020976 −0.007553 −0.014063 −0.005479

(0.0125) (0.7664) (0.9148) (0.8422) (0.0382)

∆ST_INT 0.012182 0.055631 0.064059 0.078367 0.066574

(0.8630) (0.0305) (0.3639) (0.2664) (0.0453)

∆LT_INT 0.146200 −0.193067 −0.117412 −0.065955 −0.023103

(0.0374) (0.0058) (0.8953) (0.3498) (0.7435)

∆GDP 0.025501 0.055491 0.080729 0.108241 0.122420

(0.7180) (0.4317) (0.0522) (0.0242) (0.0819)

Notes: 1. The parenthesis indicates the p-values. 2. ***, and **, indicate a statistical significance level of 1% and 5% level of significance, respectively. 3. BDS has two dimensions.
4. Source: Authors’ own estimations (2024).
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Control variables such as the gross domestic product had the highest average growth
rate, followed by short-term interest growth rate, long-term interest growth rate, and
inflation growth rate. Short-term interest has the highest growth rate, and inflation has the
lowest growth rate. The inflation growth rate attained the highest standard deviation, as
it fluctuated much. The inflation growth rate and the long-term interest growth rate are
negatively skewed, but the short-term interest rate and the gross domestic product growth
rate are positively skewed. All macroeconomic variables, except the inflation growth
rate, have a kurtosis of greater than 3. Thus, only the inflation growth rate is mesokurtic
distributed, but the rest is leptokurtic distributed, which is confirmed by the Jarque–Bera
normality test.

In Table 1, Panel B, the BDS and VIF tests are provided. It is seen that the BDS test
statistic is greater than the associated critical values at all levels of significance. The null
hypothesis that the data are independently and identically distributed is rejected in favour
of the alternative hypothesis that the data are non-linearly dependent. Hence, it can be
concluded that there exists nonlinear dependency among the time series data, and as such,
a nonlinear model is required. Furthermore, the VIF test confirms that the independent
variables (investor sentiment and macroeconomic variables) are not multicollinear since
the VIF figures are between 1 and 2. Hence, the findings allow the independent variables
to be incorporated into the analysis.

Table 1, Panel C, provides the unconditional correlational analysis of the given vari-
ables. Investor sentiment has a positive significant effect on the all-bond government
index returns and over-12-year government bond index but a negative significant effect on
the 3–7-year government and over-12-year government bond index returns. The control
variables are also found to have a significant effect on the government bond indices returns
of varying maturities, as inflation growth rate and long-term interest growth rate had a pos-
itive significant effect on the all-bond government index returns but a negative significant
effect on the over-12-year government bond index returns. The short-term interest growth
rate had a positive significant effect on the 1–3-year government bond index return and
the over-12-year government bond index returns, but the long-term interest growth rate
had a negative significant effect on the 1–3-year government bond index return. The gross
domestic product growth rate had a positive significant effect on the 3–7-year government
bond index return and the over-12-year government bond index return. The findings of
the analysis suggest that investor sentiment and macroeconomic factors affect government
bond index returns of varying maturities. However, it does not provide evidence of the
nonlinear effect. As such, the analysis has to be further extended to cater to the nonlinear
dependencies as provided for by the BDS test. Furthermore, the inclusion of control vari-
ables in the form of the macroeconomic variables provided is supported by the findings of
the unconditional correlation analysis.

Unit Root and Stationarity Tests

The findings of the unit root and stationarity tests are provided in Table 2. It is
evident that the ADF test statistics are more negative than the associated critical levels
at a 1 percent, 5 percent, and 10 percent significance level. The null hypothesis of the
government bond indices returns of varying maturities, investor sentiment index, and
macroeconomic variables containing a unit root can be rejected in favour of the alternative
hypothesis that the variables are stationary in levels. The findings are further collaborated
by the KPSS test as the test statistic is less than the critical values. Hence, we do not reject
the null hypothesis that the variables are stationary. Moreover, the ADF breakpoint test
confirms that the variables are stationary in the presence of structural breaks, as the ADF
test statistic is more negative than the associated critical values. Thus, the study finds
that the government bond indices return of varying maturities, investor sentiment index,
and macroeconomic variables are integrated of order I(0). Having found the existence of
nonlinearities in the given variables, no multicollinearity and stationarity in levels, and the
presence of structural breaks, the Markov regime-switching model can be estimated.
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Table 2. Unit root and stationarity results.

Levels

ADF KPSS ADF Breakpoint

JSE_GOVI −14.36817 *** 0.202861 −74.31524 ***

JSE_1_3Y −16.83503 *** 0.214621 −18.81024 ***

JSE_3_7Y −12.92673 *** 0.059660 −18.78472 ***

JSE_7_12Y −12.64217 *** 0.069122 −16.56269 ***

JSE_O_12Y −12.09661 *** 0.059005 −15.95299 ***

∆SENT −3.750782 *** 0.090410 −20.71433 ***

∆CPI −14.12642 *** 0.097469 −14.53571 ***

∆ST_INT −14.55167 *** 0.401296 −16.52311 ***

∆LT_INT −7.562412 *** 0.166802 −12.24018 ***

∆GDP −9.759506 *** 0.203282 −12.73330 ***
Notes: 1. *** indicate a statistical significance level at a 1% level of significance. 2. The KPSS critical values at
1%, 5%, and 10% statistical significance level are 0.7390, 0.4630, and 0.3470, respectively. 3. Source: Authors’ own
estimations (2024).

4.2. Empirical Model Results
4.2.1. Principal Component Analysis

Table 3 below presents the PCA output for the newly constructed investor sentiment
index and the Wald coefficient diagnostic test. The results of the Wald test confirm that there
is a significant difference between the coefficients of the parameters of the sentiment index
as the null hypothesis (C(1)=C(2)=C(3)=C(4)=C(5)=C(6)=C(7)) is rejected at the 5 percent
level of significance. Thus, the interpretation of the PCA is permitted as it provides robust
and unbiased output. The sentiment index accounts for 51.04 percent of the total variance
as compared to Reis and Pinho (2020) of 47 percent and Muguto (2022) of 43.71 percent.
Furthermore, it is seen that the first four principal components explain 89 percent of the
variation in the data. The eigenvalue of the first principal component is positive and greater
than 1, as found by Baker and Wurgler (2006), which further justifies the PCA robustness.
The variables that exhibit a high correlation with the first principal component include the
rand/dollar bid–ask spread (0.5125), SAVI (0.5128), and the consumer confidence index
(0.4915). The first principal component index (SENTt) with the current values is given by:

SENTt = −0.2423Sturnt − 0.2874Eissuet − 0.0447AdvDect + 0.5125R/$BidAskt + 0.5128SAVIt
−0.2993CNNt + 0.4915CCIt

(6)

Table 3. Principal component analysis results.

Panel A: Eigenvalues: (Sum = 7, Average = 1)

Number Value Difference Proportion Cumulative
Value

Cumulative
Proposition

N/A

1 3.5731 2.4690 0.5104 3.5731 0.5104

2 1.1041 0.2217 0.1577 4.6772 0.6682

3 0.8824 0.1559 0.1261 5.5596 0.7942

4 0.7265 0.0742 0.1038 6.2861 0.8980

5 0.6523 0.6143 0.0932 6.9384 0.9912

6 0.0380 0.0144 0.0054 6.9763 0.9966

7 0.0236 --- 0.0034 7.0000 1.0000
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Table 3. Cont.

Panel B: Eigenvectors (Loadings)

Variable PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7

Share Turn −0.2423 0.2841 0.7379 −0.5421 0.1021 0.0762 0.0776

EQ_ISSUE −0.2874 −0.1567 0.4806 0.7586 0.2929 0.0265 −0.0055

ADV_DEC −0.0447 0.8601 −0.0419 0.3343 −0.3784 −0.0301 −0.0266

R/$BID_ASK 0.5125 0.0893 0.1225 0.0503 0.1473 0.7098 −0.4317

SAVI 0.5128 0.0985 0.0845 0.0967 0.1768 0.0593 0.8222

CNN −0.2993 0.3433 −0.4130 −0.0842 0.7770 0.1031 0.0233

CCI 0.4915 0.1397 0.1736 0.0020 0.3223 −0.6890 −0.3609

Panel D: Wald Test

F-Stat 2.382346
N/A

p-Value 0.0298

Notes: 1. Source: Authors’ own estimations (2024).

Figure 1 below provides the graphical plot of the newly constructed market-wide in-
vestor sentiment index as derived from the above first principal component. The sentiment
index contains large amounts of volatility clustering, as seen in the spikes and changes in
the sentiment index. The sentiment index is aligned to the historical accounts of bubbles
and crashes as found in the Muguto et al. (2019), Rupande et al. (2019), and Muzindutsi et al.
(2023) South African sentiment index. The visualisation of these economic events includes
the contagion effects of the 2007/2008 financial crises, which originated in the United States
housing market (Helleiner 2011), the 2015/2016 Chinese market turbulence (Han 2019),
and the 2020 decline due to the COVID-19 pandemic (Ashraf 2020). It is further seen that
for the period 2007–2013, the sentiment index attributed negative figures, which suggest
that there was negative sentiment in the market. However, for the period 2014–2023, the
sentiment index attributed positive figures, indicative of positive sentiment in the market.
However, the sentiment levels did flatten throughout the periods, as seen by the spikes.
It is therefore evident that the sentiment index is robust as it captures both positive and
negative sentiment, which is significant when analysing market-wide investor sentiment.
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4.2.2. Markov Regime-Switching Model

In Table 4, the Markov regime-switching model results are presented. In Panel A, it is
evident that the returns (C) are positive for all government bond indices of varying maturi-
ties, but only the all-bond government index returns, and the 1–3-year government bond
index returns, 7–12-year government bond index returns, and over-12-year government
bond index return are significant. Moreover, it can be seen that the volatility (σ) of the
returns in a bull market condition is positive and significant for all government bond index
returns of varying maturities, with the exception of the 3–7-year government bond index
returns. These findings are in line with the theoretical literature that returns in a bull market
condition increase over time and, as such, are less volatile (Davies 2013). Furthermore,
investor sentiment has a positive significant effect on the 3–7-year government bond index
return in a bull regime but a negative significant effect on the 1–3-year government bond
index return, 7–12-year government bond index return, and over-12-year government bond
index return.

Table 4. Markov regime-switching results.

∆It = µct + α0ict∆SENTt + φ1ict∆CPI + φ2ict∆ST_INT + φ3ict∆LT_INT + φ4ict∆GDP + εct

JSE_GOVI JSE_1_3Y JSE_3_7Y JSE_7_12Y JSE_O_12Y

Panel A: Bull Regime

C 0.502520 *** 0.128707 ** 0.008159 0.534817 * 0.076255 **

∆SENT −0.072023 −0.028278 * 0.008987 ** −0.815094 *** −0.004136 **

∆CPI −0.004599 0.005505 *** 0.000952 0.097903 −0.014000

∆ST_INT 0.035229 0.004413 −0.015623 0.394370 *** −0.051454 ***

∆LT_INT −0.066399 * −0.017238 −0.032048 *** −0.092942 −0.023134

∆GDP 0.028344 0.001421 0.017634* 0.012413 0.035208 **

σ 1.429787 *** 0.670279 *** 0.049252 0.429119 *** 0.740074 ***

Panel B: Bear Regime

C −11.55598 ** −0.175410 −0.497665 −0.069657 * −0.815330 **

∆SENT −2.229771 * −0.237309 −0.601966 * 0.008717 * 0.954372 **

∆CPI 0.878515 0.015649 −0.003499 −0.010207 *** 0.237322

∆ST_INT −0.364097 0.126423 0.277887 ** −0.047881 0.471929 ***

∆LT_INT 19.53706 *** −0.128944 * −0.124175 −0.026280 −0.065180 ***

∆GDP −0.154783 0.053815 0.020322 0.033956 ** 0.073391 *

σ −2.044981 *** −0.652982 *** −1.356454 *** −1.224297 *** 1.472224 ***

Panel C: Diagnostic Test

LM-STAT 0.9491 0.2173 0.7584 0.4739 0.6946

p-Value 0.3174 0.7961 0.8493 0.7198 0.4475

DW-STAT 2.010691 2.344010 2.470484 2.290812 2.223068
Notes: 1. ***, **, and * indicate a statistical significance level of 1%, 5%, and 10% level of significance, respectively.
2. Source: Authors’ own estimations (2024).

In Panel B, the returns of all the government bond index returns of varying maturities
are negative in a bear market condition. Only the all-bond government index returns and
the 7–12-year government bond index returns are significant. However, the volatility of all
government bond index returns of varying maturities, except the over-12-year government
bond index return, is negative (positive) and significant in a bear market condition for
all. The findings are corroborated by the theoretical literature, as returns in a bear market
condition decrease over time and attain high volatility as compared to the bull market
condition. Investor sentiment has a positive significant effect on the 7–12-year government
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and over-12-year government bond index return bond index returns in a bear market
condition but a negative significant effect on the all-bond government index return and
3–7-year government bond index return. It is also evident that all macroeconomic variables
have a significant effect on the returns of selected government bond indices of varying
maturities under a bull and bear market condition. Therefore, controlling for these effects
is further substantiated by the findings, which increases the robustness of the estimation.

In Panel C, the diagnostic tests are presented. The Breusch–Godfrey LM test statistic
is insignificant at all levels of significance. The study fails to reject the null hypothesis
that there is no autocorrelation in the residuals of the model. The Durbin–Watson test
further corroborates the findings as the test statistics is 2, which suggests there exists
no autocorrelation in the residuals of the model and further increases the robustness of
the model.

4.2.3. Transition Probabilities and Duration

Table 5 presents the constant transition probabilities and expected duration of the
Markov regime-switching model. A key advantage of the model lies in its ability to auto-
matically characterise the bull and bear periods that reflect the returns of the government
indices of varying maturities. This implies that subsampling and indicating the periods
of bull and bear conditions is not required. Accordingly, the Markov regime-switching
model is the most used model in the literature when considering bull and bear regimes
due to its advantage of capturing the transition probabilities and the expected duration of
staying in either regime (see, among others, Moodley et al. 2022, 2024; Muzindutsi et al.
2023; Obalade et al. 2023; Lawrence et al. 2024; Muzindutsi and Obalade 2024). The transi-
tion probabilities for the all-bond government index returns, 1–3-year government bond
index return, 3–7-year government bond index return, and the over-12-year government
bond index return are close to 1 in the bull market conditions. However, in a bear market
condition, the transition probabilities of the 7–12-year government bond index return is
close to 1. The former suggests that the switching from a bull to bear regime is persistent,
and the returns do not stay in a bull condition for long periods of time. However, the latter
suggests that the switching from a bear to a bull regime is persistent, and the returns do not
stay in a bear market condition for long periods of time. Furthermore, from the expected
duration in Table 4, it is evident that the all-bond government index returns (159 months),
1–3-year government bond index return (11 months), 3–7-year government bond index
return (13 months), and over-12-year government bond index return (9 months) stayed
the longest in a bull regime, but the 7–12-year government bond index return (10 months)
stayed the longest in a bear regime. The findings are further supported by the constant
transition probabilities in Table 4, as it is larger in a bull market condition for the former
and higher in a bear market condition for the latter.

Table 5. Regime probabilities and expected duration.

JSE_GOVI

Transition Probabilities Bull Regime (P1) Bear Regime (P2)

Bull Regime (P1) 0.993716 0.006284

Bear Regime (P2) 0.999948 5.21E-5

Expected Duration (T) 159.1328 1.000052

JSE_1_3Y

Transition Probabilities Bull Regime (P1) Bear Regime (P2)

Bull Regime (P1) 0.914323 0.085677

Bear Regime (P2) 0.478520 0.521480

Expected Duration (T) 11.67179 2.089779
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Table 5. Cont.

JSE_3_7Y

Transition Probabilities Bull Regime (P1) Bear Regime (P2)

Bull Regime (P1) 0.924582 0.075418

Bear Regime (P2) 0.402751 0.597249

Expected Duration (T) 13.25950 2.482921

JSE_7_12Y

Transition Probabilities Bull Regime (P1) Bear Regime (P2)

Bull Regime (P1) 0.702111 0.297889

Bear Regime (P2) 0.098643 0.901357

Expected Duration (T) 3.356954 10.13755

JSE_O_12Y

Transition Probabilities Bull Regime (P1) Bear Regime (P2)

Bull Regime (P1) 0.899605 0.100395

Bear Regime (P2) 0.349163 0.650837

Expected Duration (T) 9.960661 2.863991
Note: 1. Source: Authors’ own estimations (2024).

4.2.4. Smooth Regime-Switching Graphs

Figure 2 provides the smooth transition probabilities for the sample period associated
with each government bond index of varying maturities. The all-bond government index
returns stayed for long periods in a bull regime before switching into a bear regime. The
1–3-year government bond index returns, 3–7-year government bond index returns, and over-
12-year government bond index returns did not stay in a bull or bear regime for prolonged
periods of time; this is supported by the immediate spikes in a bull regime and bear regime.
Moreover, the spikes in a bull regime are greater than that of a bear regime, which suggests
that the three indices return stayed longer in a bear regime than in a bull regime. The findings
are further supported by the evaluation in Section 4.2.3, as it is evident that the bull market
condition was more persistent, with the expected duration being longer in a bull market
condition. On the contrary, the 7–12-year government bond index return did not stay in a
bear regime for prolonged periods of time; rather, it switched from a bear regime to a bull
regime frequently. However, the spikes in a bear regime are greater than that of a bull regime,
which suggests that the index return stayed longer in a bear regime than in a bull regime. The
findings are further corroborated by the observations in Section 4.2.3, as the bear regime is
more persistent among the 7–12-year government bond index return.

It can be visualised in Figure 2 that for the period 2007–2008, the returns of the
government bond indices of varying maturities were in a bearish state and moved from a
bearish to a bullish state frequently. These findings align with the 2007/2008 global financial
crises as it was seen that the bond market returns, especially the government bond index
returns, were significantly affected such that the returns dropped drastically. However, not
all government bond index returns responded the same way to the global financial crises,
as some saw stable returns and some experienced volatile returns; this is further supported
by the findings of the all-bond government index returns. However, after the 2007/2008
financial crises, the 1–3-year government bond index returns, the 3–7-year government
bond index, and the over-12-year government bond index returns recovered from the crises
as the returns were bullish and increased over time. On the contrary, it is seen that the
7–12-year government bond index returns stayed in a bearish state for the periods after the
2007/2008 financial crises. This suggests that the returns did not recover, as the 2007/2008
global financial crises had a contagion effect on the returns of these indices. Regarding the
COVID-19 period, it is evident that all the government bond indices returns of varying
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maturities were bearish; this can be attributed to the start of the COVID-19 period, which
harmed the South African bond market. However, the 1–3-year government bond index
return, 3–7-year government bond index return, and the over-12-year government bond
index recovered from the COVID-19 pandemic such that the return after the period is
bullish. This was not seen for the 7–12-year government bond index return, as the returns
remained in a bearish period.
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5. Discussion of Results

It must be noted before the commencement of this section that there exists no study
in South Africa or internationally that has examined the effect of investor sentiment on
government bond indices of varying maturities under changing market conditions. It
is almost impossible to compare the findings of this study with those in the existing
literature. Despite this, it is evident that investor sentiment has an alternating effect on
government bond indices of varying maturities under bull and bear regimes. According to
He (2020), a financial market comprises optimistic and pessimistic investors that have a
positive and negative effect on security prices, respectively. Moreover, the AMH argues
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that not all investors behave in the same manner, such that their past experiences and
current cognitive biases influence their current decisions (Lo 2004). This implies that in
a bull regime, investors may be optimistic about future outcomes because of their past
experiences and cognitive biases, which cause investors to enter the market and drive
security prices up. Similarly, there also exist investors who are pessimistic about the market
in a bull regime because their past experiences and cognitive biases cause them to perceive
the future outcomes of the market to be negative. Thus, they sell and leave the market,
which drives securities prices down, causing a negative effect in a bull market condition;
the opposite is also seen in a bear market condition. Consequently, it is not uncommon to
see alternating effects in bull or bear regimes that do not align with the classical financial
theory but do align with behavioural financial theories.

Despite the limited literature, one can compare the findings of the transition probabilities
and expected duration with other studies as there exist three studies, namely Obalade et al.
(2023), Moodley (2024), and Muzindutsi and Obalade (2024). It is evident that investor senti-
ment has an alternating effect on each government bond index return of varying maturities
under bullish and bearish market conditions. Under certain instances, investor sentiment has
a significant effect on government bond index returns of varying maturities in a bull regime
but an insignificant effect in a bear regime, and vice versa. The findings show that the effect
of investor sentiment on government bond indices of varying maturities is regime-specific
and time-varying. Obalade et al. (2023), Moodley (2024), Muzindutsi and Obalade (2024)
also found the bond market to contain alternating efficiencies and inefficiencies such that
the expected effect investor sentiment on government bond indices of varying maturities is
dependent on the state of the bond market. The findings therefore suggest that the bond
market is not as efficient as proposed by EMH; rather, it is adaptive, as advocated by AMH.

Obalade et al. (2023) and Muzindutsi and Obalade (2024) found that the all-bond
government index returns stayed the longest in a bull regime; this is in line with the
findings of this study. The findings are further supported by Moodley (2024), who found
that the 3–7-year government bond index return (7–12-year government bond index return)
stayed longer in a bullish state (bearish state). On the contrary, the findings regarding
the 1–3-year government bond index return and over-12-year government bond index
are not in line with Moodley (2024), as the scholar found that the indices returns were
bearish for the sample period and not bullish as found by this study. The conflicting
findings can be attributed to the different sample periods in both studies. It is seen in
Moodley (2024) that the sample size was restricted to 2022, but this study expanded the
sample period to 2024. Accordingly, during 2023 and the first month in 2024, as seen by
the smooth transition probabilities graph, the 1–3-year government bond index return and
over-12-year government bond index returns were bullish. Consequently, the indices return
stayed an additional 1 year and 1 month in a bull market condition, thereby contradicting
the findings of Moodley (2024). However, the overall persistence of the bullish market
among the government bond index returns of varying maturities is supported by studies
by Maheu et al. (2012), Guidolin (2016), and Muzindutsi and Obalade (2024) but not by
Obalade et al. (2023) and Moodley (2024). Hence, the South African bond market behaves
differently, where such behaviour is solely dependent on the state of the bond market. This
can be attributed to emerging bond markets such as South Africa, which are more prone to
fluctuating market conditions and instability.

The implication of the findings is three-fold. First, investors should conduct asset
selection in line with the findings of the study so that if the financial market is in a bullish
market state, investors should consider only the 3–7-year government bond index in
their portfolio. Moreover, if the financial market is in a bearish market state, only the
7–12-year government bond index returns should be considered in their portfolio, as both
alternatives will yield higher returns in the presence of a sentiment-induced market and
changing market conditions. Furthermore, if investors have the 1–3-year, 7–12-year, and
over-12-year government bond index returns (3–7-year government bond index returns)
in their portfolio and the financial market is in a bullish market condition (bearish market
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condition), then investors should consider portfolio rebalancing as it will yield negative
returns in a sentiment-induced market. Second, the study contributes to the theoretical
debate surrounding the efficiency of the government bond market; that is, it is adaptive, as
proposed by AMH. Third, the study contributes to the empirical debate surrounding the
effect investor sentiment has on bond indices, such that the findings suggest that the effect
is nonlinear and better modelled by nonlinear models.

6. Conclusions

At the commencement of this research article, the aim was to examine the effect of
investor sentiment on government bond indices of varying maturities under changing market
conditions. The dependent variables of the study consisted of the returns of the all-bond
government index return, 1–3-year government bond index, 3–7-year government bond index,
7–12-year government bond index, and over-12-year government bond index. Similarly,
the independent variable comprised a newly constructed market-wide investor sentiment
index using the PCA analysis. Macroeconomic variables in the form of inflation growth rate,
short-term interest growth rate, long-term interest growth rate, gross domestic product growth
rate, and real effective exchange growth rate were implemented as control variables.

The two-state Markov regime-switching model for the sample period 2007/03 to
2024/01 illustrated that the effect investor sentiment has on government bond indices
return of varying maturities are regime-specific and time-varying. The findings can be
isolated according to the research questions of the study. Research question 1 (How do
different government bond indices of varying maturities respond to changes in investor
sentiment in a bull and bear market condition?): the 1–3-year government index return and
over-12-year government bond index were negatively affected by investor sentiment in a
bull market condition. Moreover, the 3–7-year government bond index return (7–12-year
government bond index returns and the over-12-year government bond index) was posi-
tively (negatively) affected by investor sentiment in a bull market condition but negatively
(positively) affected in a bear market condition. Research question 2 (How does investor
sentiment influence the overall government bond returns in changing market conditions?):
investor sentiment has a negative significant effect on the all-bond government index (a
proxy for the government bond market in South Africa) returns in a bear market condition
and not in a bull market condition. Research question 3 (How do market conditions vary
across the government bond indices of varying maturities?): the bullish market condition
prevailed among the selected government bond index returns of varying maturities. The
findings suggest that the government bond market is adaptive, as proposed by AMH, and
contains alternating efficiencies. The implications are that investors should align their
asset selection strategy with the findings of the study, and portfolio rebalancing should be
conducted by investors if they incorporate any of the government bond indices of varying
maturities in their portfolios. Moreover, the South African Reserve Bank (SARB) should
revisit financial market policies to cater to the adaptive behaviour of the bond market.

A possible limitation is that the study does not use any formal efficiency tests to
confirm the finding of the South African government bond market being adaptive. Thus,
future research can incorporate formal efficiency tests to confirm that the South African
government bond market is adaptive. Moreover, future studies could extend the sample pe-
riod by considering different proxies for investor sentiment and testing it on various bonds,
such as corporate bonds, municipal bonds, mortgage bonds, and emerging market bonds.
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Appendix A

Table A1. Bond market dependent variables.

Variable Name Abbreviation

JSE all-government bond index JSE_GOVI

1–3-year government bond yield JSE_1_3Y

3–7-year government bond yield JSE_3_7Y

7–12-year government bond yield JSE_7_12Y

Over-12-year government bond yield JSE_O_12Y
Note: 1. Source: Authors’ own depiction (2024).

Appendix B

Table A2. Investor sentiment proxies.

Investor Sentiment Proxy Explanation

Share turnover ratio

The share turnover proxy is retained in this study’s investor sentiment index, as
found in the index of Muguto et al. (2019). The proxy is calculated by taking the
total volume of shares traded and dividing it by the number of average shares
listed in the South African stock market. The variable selection follows that of

Baker and Stein (2004), as the academic argues that noise traders are high when
there are short-sale characteristics in the market because the arbitrate of rational

investors 21 does not drive noise traders out of the market. This causes stock
prices to be overvalued. Studies such as Rupande et al. (2019), Muguto et al.
(2022), and Muzindutsi et al. (2023) used the proxy for investor sentiment.

Equity issue ratio

The equity issue ratio is retained in this study’s investor sentiment index, as
found in the index of Muguto et al. (2019). The calculation of the proxy entails
taking the number of issued shares of total equity and dividing it by the total

issue of debt in South Africa. Baker and Wurgler (2006, 2007) argue that elevated
share issues predict low market returns. That being said, companies wanting to
expand will issue shares when sentiment in the market is high, making equity

overvalued. Thus, overvaluation is associated with high sentiment periods
because sentiment-induced investors underestimate risk and overestimate

returns. (Baker and Wurgler 2006). Studies by Muguto et al. (2019) and
Muzindutsi et al. (2023) use the proxy to measure market sentiment.

Advance/decline ratio index

The advance/decline ratio index is retained in this study’s investor sentiment
index, as found in the index of Muguto et al. (2019). It is measured by the

number of advancing and declining shares, adjusted for their volume (Brown and
Cliff 2004). Positive sentiment is indicated by positive market breadth, whereas
negative sentiment is indicated by negative market breadth. Consequently, many

studies have used it as a measure of market sentiment; these include Muguto
et al. (2019), Reis and Pinho (2020), and Gong et al. (2022).

Rand/dollar bid–ask spread

The bid–ask spreads remain within this study’s investor sentiment index, as
found in the index of Muguto et al. (2019). It is determined by the demand for

domestic securities, where negative sentiment attributed to poor economic
performance shows a decline in capital inflows. This causes the bid–ask spread to

increase as foreign investors omit rand-denominated securities (Hengelbrock
et al. 2011). Studies by Muguto et al. (2019), Rupande et al. (2019), and Muguto

et al. (2022) used it as a proxy for market sentiment.
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Table A2. Cont.

Investor Sentiment Proxy Explanation

South African volatility index (SAVI)

The South African volatility index (SAVI) will replace the rand/pound bid–ask
spread in the Muguto et al. (2019) investor sentiment index. This is done by

including both the rand/dollar bid–ask spread and rand/pound bid–ask spread,
as done by Muguto et al. (2019), which will enhance high correlation levels.

Consequently, adding the SAVI proxy will remove the correlation bias, which
contributes significantly to the robustness of the constructed market-wide

sentiment index. The SAVI provides the 90-day future level of volatility
associated with the entire financial market of South Africa. High levels of

volatility indicate fear among investors in the market. Rupande et al. (2019) used
the index as a proxy for market sentiment.

CNN fear and greed index

The CNN fear and greed index will replace the term structure of interest proxy
proposed in the Muguto et al. (2019) index. This is done to increase the

robustness of the constructed investor sentiment index as investors participating
in the South African financial market are not isolated to domestic investors but

also foreign investors (Liu et al. 2020). Therefore, to account for foreign investors
in the South African financial market, the CNN fear and greed index is used as a

proxy in this study. The fear and greed index is a global index that comprises
seven different proxies that CNN uses to formulate a market sentiment index for
the United States (U.S.) financial market. Against the backdrop of there being no

direct proxy for foreign investor sentiment in South Africa, the CNN fear and
greed index is selected as the U.S. is the focal point of the global financial market.

Hence, it constitutes investors from different geographical regions, which
provides a better gauge of foreign investors’ participation in South Africa. The
proxy is unique to this study as previous South African studies (Muguto et al.

2019; Rupande et al. 2019; Muzindutsi et al. 2023) have not captured the
sentiment of foreign investors in the South African financial market. Moreover,

Beirne et al. (2024) argues that in any market-wide investor sentiment index, it is
essential for foreign market participation to be captured as financial markets are

not isolated to domestic investors but also foreign investors. Consequently,
studies by Liutvinavicius et al. (2017), Halliday (2018), and Chen et al. (2021)

used the index as a measure of market sentiment.

South African consumer confidence index

The consumer confidence index (CCI) is added additionally to the study’s
constructed investor sentiment index. This is done because financial markets

consist of investors with different financial statuses, high-end individuals, and
lower-end individuals (Junaeni 2020). Consequently, it is important that the
market-wide investor sentiment captures both types of investors and is not

isolated to high-end individuals, which distorts the level of sentiment. The CCI
provides household consumption and savings prospects based on their financial
status (OECD 2022). Although stock prices do not affect consumers’ opinions, the
index is highly correlated with sentiment in the financial market (Rahman and

Shamsuddin 2019). This is because market participants’ financial status dictates
their ability to participate in financial markets; if they do not have income, they

will not participate, but the opposite holds if they do have income. Hence,
high-value signs reflect increased consumer confidence in future economic
conditions, allowing investors to participate in financial markets. Koy and
Akkaya (2017) demonstrate that CCI has evolved as a critical measure for

sentiment following the financial crises. Hamurcu (2021) found that the index as
a proxy for sentiment influences the Turkish stock market. Therefore, the proxy
will contribute to the South African context as previous studies in South Africa
(Muguto et al. 2019; Rupande et al. 2019; Muzindutsi et al. 2023) did not capture

consumer sentiment in their sentiment index, which is a vital flaw given that
these domestic consumers also participate in the South African financial market.

Note: 1. Authors’ own depiction (2024).
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