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Abstract: The aim of this study is to investigate the herding of beta transmission between return and
volatility. We have used the dynamic conditional correlation model with the mixed-data sampling
(DCC-MIDAS) model for the analysis. The evidence demonstrates that herding is a key transmitter
in Taiwan’s stock market. The significant estimation of DCC-MIDAS explains that the herding
phenomenon is highly dynamic and time-varying in herding behavior. By means of time-varying
beta of herding based on our rolling forecasting method and robustness check of the Markov-
switching regression approach using four types of portfolios, the evidence indicates that there are
conditional correlations between betas and herding. In addition, it also reveals that herding forms in
Taiwan’s markets during the subprime crisis period.

Keywords: herding; DCC-MIDAS; time-varying; subprime crisis; Markov switching

1. Introduction

Herding is a decision-making behavior in the financial market. Herding behavior is
also an important issue for investors’ sentiment, investment strategies and stock market
stability (see Bouri et al. 2021; Demirer et al. 2019; Fei and Liu 2021; Guo et al. 2020, for
example). In finance, herding is the phenomenon of volatility clustering and time-varying
characteristics in financial data. In other words, the presence of herding is likely to display
in the form of the synchronicity of volatility movements, especially when market volatility
is caused by market pressure, such as the financial crisis and the recent COVID-19 pandemic
(Akhtaruzzaman et al. 2021a, 2021b).

Previous studies have pointed out that herding has mixed evidence in the literature
on the impact of stock market volatility. Lee (2017) concludes that the US subprime crisis
period is an exception, because during the period no significant evidence of herding is
found. However, Shyu and Sun (2010) find no significant changes of institutional herding
under market stress in the Taiwan stock market. Hsieh (2013) finds evidence of herding by
both institutional and individual investors in the Taiwan stock market using high-frequency
intraday data. Fei and Liu (2021) explore the impact of investor herding behavior on stock
market volatility, and find evidence that the information contained in the herding measure
helps improve volatility forecasts and economic value to investors.

In this article, we propose the concept of beta herding to re-examine the role of herding
in the transmission mechanism of the financial market during the subprime mortgage
crisis. This concept measures the fluctuation trend of market returns time series and the
time-varying correlation between herding and volatility. In a recent paper, Hwang et al.
(2021) proposed the concept of beta herding, which measures cross-sectional variations
in betas caused by a behavior bias in finance—investor overconfidence. This concept has
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not been verified on many issues, such as the impact of the subprime crisis. In addition, it
also contributes to the debate in the literature on herding, and brings a new perspective
to the relationship between herding and volatility depending on the transmission of beta
herding.

Most studies investigate the existence of herding effects or focus on the impacts of
analysts and firms’ characteristics, while few papers empirically examine herding risks
and volatility characteristics, such fat tails existing in asymmetric information during the
financial crisis. It is difficult to predict investors’ sentiment and herding, but relatively
easy to observe market volatility which results from herding. Herding behavior can be
either rational or irrational (Devenow and Welch 1996; Bikhchandani and Sharma 2001).
The market sentiment accumulates over time whether investors’ behavior is rational or
irrational. Accordingly, we cannot detect herding behavior using the same frequency data
for different market conditions, particularly during the period of financial crisis. In this
study, herding behavior is considered a factor in beta forecasting among stock markets.

In this paper, we adopt the dynamic conditional correlation model with the mixed-
data sampling (DCC-MIDAS) model (Colacito et al. 2011) for four portfolios, and attempt
to forecast during the subprime financial crisis. We focus on the DCC-MIDAS GARCH
model, since it can allow observations of beta herding to be more fit and reflect more
important information, including time-serious information, which implies volatilities and
provides more real information on herding behavior. Besides, the rolling forecast procedure
is applied to the prediction of time-varying beta of herding, and the robustness check of
the Markov-switching regression approach is applied to the comparison of the forecasting
ability of the DCC-MIDAS model. Thus, this paper provides a novel estimation of the
forecasting ability during the precrisis and volatile crisis periods.

Previous literature on herding in the stock markets considers developed economies.
However, the Taiwan market has a unique trading system. For example, there is a 10%
price limit, and foreign institutional investors hold a high percentage of the stock market—
about 50–70%. This study contributes to the literature by investigating new insights
for beta-herding transmission between returns and volatility into the current issues of
herding behavior. This paper contributes to the literature in two main ways. First, we
forecast the time-varying beta of herding of the four styles of portfolios during the crisis.
Second, as advocated by previous studies, we provide an extended comparison between the
forecasting ability of the GARCH model and the rolling forecast procedure. Additionally,
we provide a comparison of the forecasting results of herding between the full and subprime
crisis periods. In this manner, it can be seen which model provides the best forecast during
long-run and volatile periods. This is the unique contribution of the paper to the literature—
taking the use of the DCC-MIDAS approach and the rolling method of forecasting into
consideration. In addition, through time-varying beta of herding based on the rolling
forecasting method and robustness check of the Markov-switching regression approach,
we find evidence of the forecasting ability of the model, indicating that there are conditional
correlations between betas and herding.

The remainder of the paper is organized as follows: Section 2 focuses on a review
of previous evidence. Section 3 concentrates on data and methods. Empirical analysis is
presented in Section 4, whereas Section 5 offers conclusions.

2. Literature Review
2.1. Detecting Herding Behavior: A Short Review

Herding tends to imitate the actions of others rather than follow their own beliefs and
private information, even when they disagree with the predictions (Christie and Huang
1995). The concept is that if investors follow the majority of markets, then dispersion in
returns would disappear entirely.
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Research on herding behavior for financial markets is important. The occurrence of
herding behavior will lead investors to over (under) valuation; moreover, it will affect the
quality of risk management and estimation of performance. Several researchers (Scharfstein
and Stein 1990; Bikhchandani et al. 1992; Devenow and Welch 1996) have developed a lot
of theoretical models for herding behavior. Empirical studies have mainly focused on the
existence of herding behavior among fund managers and financial analysts (Lakonishok
et al. 1992; Wermers 1999; Welch 1992).

Herding is often used to describe the correlation resulting from interactions between
investors. For instance, Chiang et al. (2007) find that the contagion effect takes place in
the early stage of the Asian financial crisis, and that herding behavior dominates the later
stage of the crisis, as the bad news becomes widespread and investors realize the full
impact of the crisis. Since the co-movement in emerging stock markets occurs during high-
volatility periods, international investors are following decisions of others due to contagion
(Boyer et al. 2006). Some papers focus on examining herding behavior for the correlation
dispersion in stock returns in response to the changes in market conditions. Chang et al.
(2000) find significant evidence of herding in South Korea and Taiwan, and partial evidence
of herding in Japan. Zhou and Lai (2009) observe that the herding activity in the market
of Hong Kong tends to be more prevalent with small stocks, and that investors are more
likely to herd when selling rather than buying stocks. Tan et al. (2008) report that herding
occurs under both rising and falling market conditions and is especially present in A-share
investors.

Some papers discuss the herding on cross-country variations in market-level stock
volatility. Forbes and Rigobon (2002) find that as for interdependent financial markets, there
are significant increases in co-movements during high-volatility periods. BenSaïda et al.
(2018) find the role of the shock transmission path of the shifting dependence dynamics
between the G7 stock markets. Boubaker and Jouini (2014) find evidence of market’s
sensitivity to the fluctuations between emerging and developed equity markets. Chiang
et al. (2007) find significant evidence of co-movements among various stock markets
during the Asian crisis. Klein (2013) examines time-varying herding in stock market using
a Markov switching seemingly unrelated regression model to analyze different dynamics
during times of high and low volatility, and model the correlation between the markets.
Kumar et al. (2021) extend the literature by focusing on the commodity markets of major
economies in the Asia–Pacific region (China, India, Indonesia, Japan, Malaysia, Singapore,
Taiwan, and Thailand), and find that herding is more pronounced during high volatility
periods.

Hwang and Salmon (2004) propose a measure of herding that allows time variation in
herding behavior. Their method is based on the assumption of time-varying monthly betas.
Results for the United States and South Korea show a tendency of herding to mitigate,
or even become adverse, during periods of turmoil, for example, the Asian and Russian
financial crises as well as the tech bubble of the early 2000s (Bohl et al. 2013). Hwang
and Salmon (2004) put forward a testable model that incorporates the effect of investor
sentiment.

2.2. A Look at Testing Methods

Although a large body of literature exists on volatility forecasting models, no single
model emerges as superior. Hansen and Lunde (2005) fail to conclude that the GARCH (1,1)
beats all the other competing models when they compare 330 different volatility GARCH
and non-GARCH models to predict the intraday volatility for the DM-USD exchange rate.
Zhang and Choudhry (2013) forecast daily hedge ratios in the agricultural futures market,
finding the BEKK-GARCH model to have superior forecasting ability using the storable
product data and the asymmetric GARCH model for nonstorable product data. Kang et al.
(2009) and Wei et al. (2010) investigate and demonstrate the superior forecasting ability of
the GARCH-family models in volatility prediction for crude oil markets if compared to
non-GARCH models. Few papers in the extant literature compare the forecasting ability of
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the Kalman filter method against the GARCH models. According to the results proposed
by Brooks et al. (1998)„ the Kalman filter is superior to the GARCH using in-sample and
out-of-sample return forecasts based on beta estimates. A similar conclusion is also put
forward by Faff et al. (2000) and Choudhry and Wu (2008) when comparing the Kalman
filter and GARCH models for beta forecasting. However, these papers have not estimated
and/or forecasted the beta during the volatile crisis period or robustness of the method
comparison.

Prior studies have proposed many volatility forecasting models and generalized
autoregressive conditional heteroskedasticity (GARCH)-type models for beta forecasting,
but we notice that beta herding may not be easily predicted using a single dimension of the
GARCH models; in other words, we put forward an appropriate framework that considers
the GARCH multidimensional models for different portfolios and levels of herding. To
the best of our knowledge, this paper proposes that the dynamic conditional correlation
(DCC) is an efficient estimation method for multiple assets. Although the DCC model can
be easily estimated for multiple assets with time variants, it is still difficult to deal with
different frequency data at the same time.

The DCC-MIDAS model proposed by Colacito et al. (2011) is a combination of the
two-component volatility decomposition model. According to the DCC-MIDAS model,
Colacito et al. (2011) conclude that in the use of the mixed-frequency data, the models
provide a view of dynamic correlation and volatility spillover relations from both long-
term and short-term perspectives. Wang and Li (2021) find that there are asymmetric
volatility spillover effects between the crude oil market and three major Chinese financial
markets using the DCC-MIDAS model with asymmetry effects. Asgharian et al. (2013)
show that including low-frequency macroeconomic information in the GARCH-MIDAS
model improves the prediction ability of the model, particularly for the long-term variance
component. Allard et al. (2020) analyses the determinants of U.S. stock–bond correlations
estimated at different frequencies including a daily, a monthly, and a yearly component of
correlations through the DCC-MIDAS model. They concluded that different correlation
components and determinants should be considered for different investment horizons.
Further, the DCC-MIDAS provides more tests on asset correlations, e.g., Conrad et al.
(2014) and Virk and Javed (2017), and stock–bond correlations, e.g., Asgharian et al. (2015,
2016); and Fang et al. (2018).

3. Data and Methodology
3.1. Herding Models

There are two well-established herding measures of the cross-sectional standard
deviation (CSSD) (e.g., Christie and Huang 1995) and cross-sectional absolute deviation
(CSAD) (e.g., Chang et al. 2000) which are widely used in most empirical papers. Christie
and Huang (1995) introduced the CSSD of stock returns with respect to market return,
which is defined as:

CSSDt =

√
∑N

i=1 (Ri,t − Rm,t)
2

N − 1
(1)

where Ri,t is the return of stock i at time t, and Rm,t is the cross-sectional average return
of the N stocks in the market portfolio at time t. Christie and Huang (1995) contend that
rational asset-pricing models and herding provide conflicting implications for the CSSD.

Although the CSSD is a quite intuitive measure of cross-sectional return dispersion, it
is considerably affected by the existence of outliers. Therefore, Chang et al. (2000) consider
the CSAD of stock returns around the market portfolio return as a more appropriate
measure, which is developed as follows:

CSADt =
1
N ∑N

i=1|Ri,t − Rm,t| (2)

where Ri,t is the return of stock i at time t, and Rm,t is the cross-sectional average return of
the N stocks in the market portfolio at time t.
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3.2. Time-Varying Beta of Herding Measures

The DCC-GARCH model was proposed by Engle and Sheppard (2001) and Engle
(2002) to estimate large time-varying covariance matrices. This model combines dynamic
correlation and the GARCH model, and hence it is capable of dealing with heteroskedastic-
ity and large dynamic covariance matrices.

There are two steps in the estimation procedure. In the first step, a series of univariate
GARCH models are estimated for each residual series. In the second step, the standard-
ized residuals from the first step are used to estimate parameters of dynamic correlation
that are independent of the number of correlated series. This multistage estimation has
computational advantages over multivariate GARCH models in terms of the number of
parameters (Engle 2002).

Assume that the returns of N assets are conditionally normally distributed, and the
DCC-GARCH model is a generalized framework of the constant conditional correlation
GARCH (CCC-GARCH) model, which is given as follows:

rt|It ∼ N(0, DtRtDt)
Qt = (1− α− β)Q + aut−1u′t−1 + βQt−1

Rt = diag(Qt)
−1Qtdiag(Qt)

−1
(3)

where Dt = diag(h1/2
11t , · · · , h1/2

NNt) is the N × N diagonal matrix of standard deviation from
the univariate GARCH models, and Rt is the dynamic correlation matrix; Qt is a positive
semidefinite matrix; Q is the unconditional variance matrix of ut; ut ∼ N(0, Rt) are the
standardized residuals from the GARCH models; and in terms of α > 0, β > 0, this model
is mean-reverting on the condition that α + β < 1.

With respect to forecasting covariance using the DCC-GARCH model, one stan-
dard approach is to generate the r-step ahead forecast of Qt with the supposition that
E(ut+1u′t+1) ≈ Qt+1. Alternatively, we can directly predict Rt with the approximation that
Q ≈ R and E(Qt−1) ≈ E(Rt+1) (Engle and Sheppard 2001). The DCC-GARCH model
provides accurate approximation of time-varying correlations in practice, even for large
covariance matrices. Furthermore, the original correlations remain unchanged when new
variables are added to the system (Engle 2002).

In this paper, we employ a two-step approach for forecasting. Firstly, we estimate the
parameters and conditional variance of two univariate GARCH models for log-returns
of the four portfolios, and then we construct the standardized residuals. Secondly, we
estimate the correlation parameters between log returns of the portfolio and market based
on the outcomes derived from the first step. In rolling forecasting, the whole process is
repeated for each rolling sample to predict the one-day-ahead beta.

Colacito et al. (2011) propose a new model (i.e., DCC-MIDAS) by combining the Engle
et al. (2008) DCC model with a component specification of correlation. Colacito et al. (2011)
find that the DCC-MIDAS model can improve a portfolio’s performance and gain more
benefits compared with constant unconditional correlations, and the DCC model in the G7
countries’ stock markets. Furthermore, the one-step-ahead estimator of the DCC-MIDAS
model may bring some potential benefits for investors.

As stated in Colacito et al. (2011), the DCC-MIDAS model is generally described as:

Rt = (Q∗t )
−1/2Qt(Q∗t )

−1/2; Q∗t = diagQt (4)

where residuals are assumed to be normally distributed and the elements in Qt are ex-
pressed as follows:

qi,j,t = ρi,j,t(1− a− b) + aξi,t−1ξ j,t−1 + bqi,j,t−1 (5)
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ρi,j,t =
Kij

c

∑
l=1

ϕl(ω
ij
r )ci,j,t−1 (6)

ci,j,t−1 = ∑t
k=t−Nij

c
ξi,kξ j,k/(

√
∑t

k=t−Nij
c

ξ2
i,k

√
∑t

k=t−Nij
c

ξ2
j,k) (7)

Kij
c is the largest lag length determined by AIC; ξi,t−1 and ξ j,t−1 are standardized

residuals; ϕl represents weight in the weighting scheme ci,j,t−1 which can be a simple

cross-product of standardized residuals; Nij
c is the number of days in the low-frequency

factor (such as months and quarters) and ω
ij
r is the rate of decay in the weighting scheme.

The forecasting procedure is similar to the DCC-GARCH model. In the first step, we
estimate each return volatility series using the GARCH model; in the second step, the cor-
relation in the DCC-MIDAS model is reformed with Equation (6). The DCC-MIDAS model
incorporates a time-varying conditional correlation with a short- and long-term component
specification. The DCC framework describes the short-term effect on correlation, and the
long-term component MIDAS (Equations (5) and (6)) captures the long-term impact on
correlation. It can deal with mixed frequency sampling and capture correlations between
low- and high-frequency data.

3.3. Rolling Forecast Procedures

Forecasting can be performed based on a recursive window or rolling window. In this
paper we apply the rolling window method. A rolling window is one where the sample size
used to estimate the model is fixed; and the start and end dates move forward by one day
for daily rolling. In other words, as the start and end dates move one day ahead with a fixed
sample size, the oldest data are dropped and the latest ones are added. For one-step-ahead
forecasts, the observations from the first observation to n are applied to the forecasting of
yn+1 and yn+2, indicating that the second observations to the n + 1 observation are used. In
this manner, the fixed rolling window is updated by one observation from the beginning to
the end each time, to forecast one step ahead. This forecasting method estimates and keeps
parameters updated for each rolling window. This method avoids the stability (parameter
drift) problem of estimated parameters that are updated for each fixed rolling window
estimate. The rolling scheme has consistent power compared to the recursive forecasting
method (Cheung et al. 2005). In the modern financial markets, business conditions change
rapidly. The rolling forecast keeps updating the estimated parameters to respond to rapid
market changes, and thus investors can adjust investment position and budget in time
(Lalli 2011). The effectiveness of rolling forecasting makes it a more attractive approach
than recursive forecasting.

3.4. Data and Forecasting Time-Varying Beta of Herding Series

We apply the data from four extremely stressed portfolios and trading frequencies
during the subprime crisis period. This will enable a comparison of results from highly
financially stressed markets and lightly stressed markets. All data are obtained from
the Taiwan Economic Journal (TEJ) database. This study provides information on these
portfolios and the corresponding correlation and graphs for each type of market portfolio.

In fact, it is difficult to measure and quantify the phenomena of herding behavior.
Chang et al. (2000) use the 1976–1995 data to test herding for international markets. To
test the behavior of investors, large amounts of trading data are required for the measure.
Our study is based on the TEJ database of all daily returns on the list of the Taiwan Stock
Exchange, including the period between January 2000 and December 2014. This paper
examines for the financial crisis including the Subprime Crisis (2007/08–2008/10). Our
sample consists of 3746 observations of four investment styles based on the book-to-market
ratio (B/M) and market valuation (MV). We classify each portfolio by ranking its B/M
ratio and MV to create “large”, “small”, “growth” and “value”, indicating that four types
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of portfolios are used to examine the difference in herding behavior. Our sample, by
definition, ranks the top 50% of capitalization in the market to create “large” portfolios,
and the last 50% to create “small” portfolios, while ranking the top 30% of B/M ratio to
create “growth” portfolios and the last 30% to create “value” portfolios.

4. Empirical Analysis

The idea of the DCC-MIDAS model for herding is extended to dynamic correlations.
Following Colacito et al. (2011), this study uses the DCC-MIDAS model based on time-
varying beta and herding for the sentiment of the market to achieve a dynamic measure
of the herding. Table 1 shows the summary statistics and results of unit root tests. We
observe that all series in Table 1 are excessively leptokurtic and skewed, and that all data
are stationary in the first difference.

Table 1. A summary of statistics and results of unit root tests.

CSADt RTw,t RLarge,t RSmall,t RGrowth,t RValue,t

Mean 0.019 0.071 0.080 0.138 0.160 0.066
Mid 0.018 0.254 0.197 0.557 0.418 0.132
Max 0.047 0.116 0.066 0.062 0.065 0.067
Min 0.004 −0.090 −0.067 −0.065 −0.066 −0.067

Std. Dev. 0.005 0.013 0.015 0.013 0.016 0.015
Kurtosis 1.010 0.071 −0.076 −0.549 −0.253 0.007

Skewness 4.376 10.811 5.469 5.590 5.041 5.453
Jarque–Bera −27.43 *** −21.38 *** −21.46 *** −31.29 *** −31.40 *** −21.74 ***

Obs. 3746 3746 3746 3746 3746 3746
Notes: Asymptotic critical values for the ADF test are −3.43, −2.86 and −2.57 at the 1%, 5% and 10% significance
levels, respectively. *** p < 1%.

In addition, Table 2 gives the descriptions of the Pearson correlation between the
CSAD and market return of four types of portfolios, and shows high correlation coefficients
among the four portfolios in addition to the negative correlation between the CSAD and
market return.

Table 2. The Pearson correlation coefficients.

CSADt RTw,t RLarge,t RSmall,t RGrowth,t RValue,t

CSADt 1.000
RTw,t −0.008 1.000

RLarge,t −0.011 0.998 1.000
RSmall,t −0.043 0.800 0.801 1.000

RGrowth,t −0.009 0.839 0.833 0.900 1.000
RValue,t −0.009 0.977 0.980 0.740 0.738 1.000

Notes: Our sample, by definition, ranks the top 50% of capitalization in the market to create “large” portfolios
and the last 50% to create “small” portfolios, while ranking the top 30% of B/M ratio to create “growth” portfolios
and the last 30% to create “value” portfolios.

In this empirical study, for each type of market portfolio, all the series are fitted by the
DCC-MIDAS model using the Colacito et al. (2011) approach. We analyze the CSAD and
the daily return of five stock return indices, namely Taiwan’s stock market return (RTw,t),
large types of stock return indices (RLarge,t), small types of stock return indices (RSmall,t),
growth types of stock return indices (RGrowth,t) and value types of stock return indices
(RValue,t), including the period between January 2001 and December 2014. Table 3 reports
the estimated parameters of the DCC-MIDAS and the standard error of all parameters
for each index during the full and subprime crisis periods. The maximum likelihood
estimation in the DCC-MIDAS algorithm is assessed using the Akaike information criterion
(AIC) test. First of all, all the coefficients of the DCC-MIDAS are significant during the
full periods and the subprime crisis period. A and B are the parameters of the variance of
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short-term correlation, and Omega is the estimated weight parameter. Panel 1 of Table 3
shows the results from the Taiwanese stock market for two periods of testing. We find that
B is positive and significant for full periods and the subprime crisis periods. Besides, the B
coefficient of crisis testing periods is larger than the full testing periods. This implies that
the higher the herding impacts or uncertainty is, the larger is the stock market volatility.
The same results also can be found in the small portfolio and the value portfolio. The
estimator coefficients (see A, B and Omega) are all significant at level 1%, indicating that
the herding has a significant impact on the dynamic correlation between CSAD and market
returns in different portfolios. In summary of our results, the significance of DCC-MIDAS
estimates explains that the existence of herding is highly dynamic and time-varying in
herding behavior. The results of this study lead us to understand that it is necessary to
consider the role of herding of market fundamentals.

Table 3. Results of the maximum likelihood estimation of the DCC-MIDAS model between the CSAD
and market returns during the full and subprime crisis periods.

Full Periods Subprime Crisis Periods

Variable Cov. (Raw Return & CSAD) of
DCC-MIDAS

Cov. (Raw Return & CSAD) of
DCC-MIDAS

Panel 1: Taiwan market returns

A 0.2907 *** (0.0233) 0.0263 *** (0.0771)
B 0.6717 *** (0.0206) 0.9611 *** (0.0099)

Omega −0.0207 *** (0.0148) 0.7845 *** (0.0327)
AIC −14.1036 −13.1423

Panel 2: Large portfolio

A 0.0859 *** (0.0054) 0.2353 *** (0.0685)
B 0.9040 *** (0.0064) 07277 *** (0.0505)

Omega −0.3186 *** (0.0287) −0.0503 *** (0.0647)
AIC −13.4209 −13.525

Panel 3: Small portfolio

A 0.2853 *** (0.0166) 0.1387 *** (0.0293)
B 0.6822 *** (0.0198) 0.7637 *** (0.0582)

Omega −0.0336 *** (0.0198) −0.1679 *** (0.0558)
AIC −13.6953 −13.1546

Panel 4: Growth portfolio

A 0.0604 *** (0.0111) 0.2357 *** (0.0687)
B 0.9358 *** (0.0101) 0.7273 *** (0.0505)

Omega −0.0133 *** (0.0498) −0.0397 *** (0.0668)
AIC −13.1631 −13.4491

Panel 5: Value portfolio

A 0.2907 *** (0.0233) 0.2361 *** (0.0671)
B 0.6722 *** (0.204) 0.7277 *** (0.0502)

Omega −0.0460 *** (0.0141) −0.1230 *** (0.0602)
AIC −13.8399 −13.3731

Note: this table shows the estimator coefficients which we estimate as DCC-MIDAS model for each type of market
portfolio by using the data from full periods (2000–2014) and the subprime crisis periods (2007–2008). A and B are
the parameters of the variance of short-term correlation and Omega is the estimated weight parameter. (.) denotes
standard errors. *** p < 1%.
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Figure 1 shows the covariance of the DCC-MIDAS between the portfolio and CDAD
during the full period, while Figure 2 indicates the subprime period.
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Forecasting time-varying beta of herding is important for several reasons. Since the
beta (systematic risks) is the only risk that investors should be concerned about, prediction
of the beta value makes it easier to make investment decisions. The beta value can also be
used by market participants to measure the performance of fund managers. For corporate
financial managers, forecasts of the conditional beta are beneficial in capital structure
decisions and investment appraisal.

Our dataset consists of different frequency return data including daily, weekly and
monthly return, four types of portfolios including large, small, growth and value portfolios,
and then the cross-sectional absolute deviation (CSAD) is calculated for herding indicator
proposed by Christie and Huang (1995).
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Basic statistics for the beta forecasting of herding during the full and subprime crisis
periods are presented in Table 4. There are 1141 rolling forecasting observations. Figure 3
shows the time-varying beta of herding for a rolling forecast of 5 (green lines) and 10 days
(red lines) of estimation compared with the actual Taiwan market index (blue lines). The
figure plots the estimated return volatility (i.e., square root of the variance) and correlation
for herding (i.e., CSAD) and stock returns, from the DCC-MIDAS model. We simulate
two frequencies of five and ten days of data sets from the DCC-MIDAS model in order to
investigate the form of the accumulation of information of market sentiment aroused by
herding. Our evidence for 5 and 10 days of rolling forecasts suggests that more information
accumulated in the market leads to stronger uncertainty, that more easily causes fluctuation,
particularly in periods of global financial crisis.

Table 4. Basic statistics of time-varying beta of herding for a rolling forecast of 5 and 10 days during
the full and subprime crisis periods.

Mean Variance Skewness Kurtosis JB

Full periods
Raw_tw −0.0693 0.0278 0.0566 16.6787 421.0217 ***
5 days −0.0976 0.1266 −0.3291 7.3884 443.1247 ***

10 days −0.0407 0.1552 0.0178 7.3887 443.1654 ***
Subprime

crisis
Raw_tw −0.4440 0.0256 0.1707 4.2872 12.1188 **
5 days −0.2097 0.1475 −0.1530 6.4298 81.0289 ***

10 days −0.0428 0.1475 0.8753 6.2380 92.58827 ***
Up days
Raw_tw 0.0119 0.0144 4.8033 50.8732 1133.457 ***
5 days 0.0357 0.1019 1.7465 7.9026 1573.286 ***

10 days 0.0418 0.1221 2.0291 8.0699 1831.033 ***
Down days

Raw_tw −0.0130 0.0158 −3.7524 28.4727 3061.683 ***
5 days −0.0092 0.1349 −0.1578 8.1069 1136.689 ***

10 days −0.0134 0.1445 −0.1700 7.6447 941.6837 ***
Note: this table shows the simulated results for two frequencies of 5 and 10 days of datasets from the DCC-MIDAS
model. Up (Down) days indicate a positive (negative) return in the stock market on day t. ** p < 5%, *** p < 1%.
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We further study the role of herding for the beta-herding series by the robustness
of the Markov regime-switching approach proposed by Hamilton (1989). The Markov-
switching approach can help measure the correlations of volatility between portfolios in
each state (regime), volatility states and lengths of duration. However, the forecasting bias
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may be due to the limit of the DCC-MIDAS model (i.e., that its unconditional variance is
constant). The Markov model captures the variance changes depending on the state of the
return volatility. The robust test helps to detect volatility behavior in terms of dynamic
correlations of herding. Choi and Hammoudeh (2010) examine the time-varying volatility
through low- and high-volatility regimes for the commodities—stock markets.

Table 5 presents the robust test for the transmission mechanism of herding’s impact
on stock returns during the financial crisis, which is divided into regime one and regime
two. Regime one is the volatility transfer probability of herding affected by a specific type
of structural change. Regime two is the transfer probability that the volatility of the return
is affected by the herding effect. It can be regarded as the turning point between herding
and the predicted return volatility, and it is used as the foundation of investment decisions.
The results report a significant correlation of regime one with small and value types of
portfolios, indicating the persistence of high volatility on the herding regime. The results
also reveal similar results for the DCC-MIDAS methods. In addition, the results display
no obvious changes in transfer probability due to the herding effect among market return
(TW), Large, and Growth portfolios. In this section, we conclude that herding is significant
in volatile markets during periods of financial crisis, which are conditional in the CSAD
model, with time-varying transition probabilities. Based on the rolling forecasting method
and robustness check of the Markov-switching regression approach using four types of
portfolios, we find evidence of the forecasting ability of the model, indicating that there
are conditional correlations between betas and herding. The DCC-MIDAS predominantly
contributes to describing the beta herding and improving the forecasting ability during the
subprime crisis period. Thus, the models conducted in this study depend on the portfolios
and periods under study. Figure 4 shows the robustness results of the Markov-switching
approach.

Table 5. The robustness results of the Markov regime-switching approach for beta-herding series.

Probability
Parameters Π1 Π2 σ

Transition
Probability
(Regime 1)

Transition
Probability
(Regime 2)

ρ : CSAD− RTW,t 0.0369 −1.0086 *** 1.2016 *** −4.4443 *** 0.5092 0.4907
ρ : CSAD− RLarge,t 0.0982 −0.1151 *** 0.1426 *** −5.3608 *** 0.5245 0.4754
ρ : CSAD− RSmall,t −3.2619 *** −0.0291 *** −0.0052 −5.6868 *** 0.9853 0.0146
ρ : CSAD− RGrowth,t −4.3956 *** 1.7039 *** −0.8776 *** −4.3956 *** 0.4117 0.5882
ρ : CSAD− RValue,t 3.2365 *** 0.0006 −0.0097 * −5.6863 *** 0.9621 0.0378

Notes: the estimated model is in the following: ρ = ΠSt + σεt where εt ∼ N
(
0, σ2

t
)
. In the robustness equation, St is the state (regime)

variable. The state variable assumes a value of 1 or 2 and follows the transition probabilities Pij, i = 1, 2, ∑j=1,2 Pij = 1 f or i =
1, 2, where Pij is the probability of St = j given St−1 = i. Π1, Π2 and σ indicate the parameter of the transition probability of regime 1,
regime 2 and error term, respectively. *** p < 1, * p < 10%.
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5. Conclusions and Limitations

This paper empirically attempts to forecast time-varying beta of herding by means
of the GARCH model, and examines the daily herding beta of four types of portfolios
during the full and subprime periods. The GARCH model employed in this study is the
DCC-MIDAS approach. We investigate the model because of its high and robust forecasting
ability and its allowance of a multiple-frequency dataset. The rolling forecast procedure is
applied to the forecasting of the time-varying beta of herding, while the Markov-switching
approach for robustness is used for the provision of the forecasting ability of the model.
The rolling forecasting method has consistent power compared to the recursive forecasting
method.

This paper contributes to the literature by providing new insights for beta-herding
transmission between returns and volatility regarding the current issue of herding behavior.
The evidence demonstrates that herding is the key transmitter in Taiwan’s stock markets.
The significance of the DCC-MIDAS estimates explains the existence of herding as highly
dynamic and time-varying. Our results are similar to those of Hsieh (2013), who reported
that investors’ herds are more pronounced under a market with higher pressure, and
among small stocks following the different feedback strategies in the Taiwan stock market,
suggesting that herding behavior plays an important role. It should be noted that, under
the constraints of imperfect markets and regulations, beta herding plays a key role in
the transmission of the market, particularly when the market is volatile or in extreme
movement. By means of time-varying betas of herding based on our rolling forecast
method and robustness check of the Markov-switching regression approach for four types
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of portfolios, we find evidence of the superior forecasting ability of the models, indicating
that there are conditional correlations between betas and herding. The evidence also reveals
herding formation in Taiwan’s stock markets during the subprime crisis period.

Our research results are important for policymakers and regulators, especially in
emerging markets where there are institutional and environmental differences (Chang et al.
2000; Chang 2010). For example, the beta-herding measure for systematic risk factors can be
adjusted in terms of portfolio allocations. Policy reforms are conducive to limiting the losses
caused by incomplete risk diversification due to the herding desire of investors. Therefore,
institutional investors or individual investors should design their investment portfolios
or formulate hedging strategies accordingly. Furthermore, considering the measure of
herding, it helps improve volatility forecasting and offers economic gains to mean–variance
utility investors (Fei and Liu 2021). Future research can be extended to more aspects, for
example crisis events such as the COVID-19 crisis. Regarding the model, we suggest that
features such as volatility clustering, leverage effects, and jump dynamics relationships
can be tested in the model. In addition, one of the limits in the case is that its dynamics
are not explained by various macroeconomic and fundamental factors, business cycles,
or the instrumental variables that Cederburg and O’Doherty (2016) use as a proxy for
time-varying betas.
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