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Heterogeneous Market Hypothesis in Major European Stock Exchanges

1. INTRODUCTION

Change is inevitable in many economic and social issues where change and development are
continuous. Because of the change, the field of finance also develops itself because of the level of
existing needs and additional needs that arise. These developments have shaped modern finance from
the mid-20th century to the present. Especially with the discovery of globalization and technology, the
increase in the acceleration of this development in modern finance in the 21st century has become
dazzling.

Market efficiency is more about price than portfolio selection and belief. This definition is an
intrinsic value-oriented definition. It can also be said that market efficiency is directly concerned with
price behavior, and indirectly with portfolio selection and belief (Beaver, 1981: 29). Market efficiency
is important for all real and financial markets. The efficiency of stock markets is important in macro and
micro aspects. Market efficiency at the micro-level shows that the prices formed in this market and the
transactions made in line with these prices are fair. Thus, investors will have confidence in the market.
Market efficiency at the macro level will cause an increase in the supply and demand to the market,

based on confidence. As a result, it will realize the economic functions expected from the stock market.

The fact that investors have different time horizons creates a heterogeneous structure. How does
volatility caused by heterogeneous structure affect market efficiency? In the efficient markets
hypothesis, investors have homogeneous expectations and liquidity is ignored. Realizedly, investors
may also differ in their perception of the market. Since there is a differentiation in the studies conducted
within the framework of the Heterogeneous Market Hypothesis (HPH) and therefore these situations
cannot be explained through traditional models, studies have been conducted with new models based on
the heterogeneous market hypothesis (Tao et al., 2018; Cheong, 2013; Buncic and Gisler, 2016).
Especially, a fat tail of financial data is a common occurrence. This means that very high or low volatility
levels can be seen. Volatility lag values that have long memory are determined. Therefore, volatilities
are realized over differing interval sizes (daily, weekly, monthly) in HAR models. Whether an investor
is individual or corporate can also change the perception of the market. Markets become stable as

investors are provide liquidity to the market.

The aim of this study is to investigate heterogeneous market efficiency in major European Stock
Market. High frequency realized volatility of Europe's leading stock markets has analyzed with the
Heteroscedastic Autoregressive-Realized Volatility model. According to the result of this heterogeneous
analysis method, the validity of the Heterogeneous Market Hypothesis (HMH) tested in European stock
markets. In this direction, HMH in local markets examine in the first stage. HMH tests in the EURO
STOXX50, FTSE100 (UK), DAX (Germany), CAC40 (France), IBEX (Spain), MIB (ltaly), and AEX
(Nederland) indexes. HMH of the global market on local markets test with the augmented HAR model
in which the VIX index include. Financial markets in Europe are among the oldest and well-established

markets. Therefore, it is suitable for market efficiency research and testing the heterogeneous structure
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where investors have different trading times in these markets. It is more accurate to analyze the investor
this way in developed markets. These countries are both developed and commercially close countries.
There are both regional and global investors in these stock markets. Sufficient depth and breadth are
also available in these markets.

In the second part of the study, we will describe the theoretical framework of market efficiency
in its developing structure. In the third chapter, the literature review, studies on market efficiency,

especially in European markets examine. After the data and method section, the findings presented.

2. MARKET EFFICIENCY

Market efficiency is in two groups as operational efficiency and information (price) efficiency.
Operational efficiency is internal, and information efficiency is external. In a market with operational
efficiency, transaction costs are lower. It can define information efficiency as prices reflecting all
available information. In an information-efficient market, additional information required for price,
security-related supply and demand adjustments quickly transfer (Fabozzi et al., 2014: 294-295).
Operational efficiency covers the economics of scale and pure inefficiency. Pure inefficiency divides
into technical and allocative (Allen and Rai, 1996: 656). In the current technology in technical
efficiency, it depends on providing maximum output with a certain input composition or producing a
certain output combination using minimum input. Allocation efficiency is the ability to use input at the
most appropriate rate, considering costs. Operational and allocation efficiency attributed to transaction
costs and low trading price margin. The theoretical framework of the Efficient Markets Hypothesis
(EMH), Fractal Markets Hypothesis (FMH), Adaptive Markets Hypothesis (AMH) and Heterogeneous

Markets Hypothesis (HMH) examined below in terms of information efficiency.

The price can change when interest rates change or a situation with the company changes. When
the price becomes high or low, a trading opportunity arises. Here, compliance of the prices with the
news and the status of the price reflecting the information are important (Saunders and Cornett, 2015:
264). Many studies have contributed to the development of the efficient market hypothesis (Samuelson,
1965; Fama, 1965a; Fama, 1965b; Fama, 1970; Fama, 1991; Rubinstein, 1975; Zuckerman, 2012). Prior
to these, there are preliminary studies on the estimation and random movement of prices (Cowles, 1933);
Cowles, 1944); Cowles, 1960); Kendall, 1953).

The Fractal Market Hypothesis suggests that EMH is insufficient in terms of liquidity. The
Fractal Market Hypothesis (FMH) suggestion that the reflection of shock on price varies according to

the investor's investment horizon (Peters, 1994: 42).

Human is sometimes rational and sometimes irrational, and these are biological beings whose
characteristics and behavior shape by the forces of evolution. The Adaptive Markets Hypothesis (AMH)
is a new version of EMH derived from evolutionary principles. Prices reflect information put forward

by environmental conditions and the number and nature of species in the economy (ecology) (Lo, 2004:
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23; Lo, 2005:11; Lo, 2017: 188). Market efficiency is not a stable situation and depends on changes in
investors (Dhankar, 2019: 298).

The volatility in equilibrium stock prices increases before it discloses public information, which
is because of speculative behavior with heterogeneous information. This is a driving force for the
efficient price system (Kwon and Park, 1986: 13). Volatility should negatively correlate with market
presence and activity. different investors are likely to settle for different prices and decide to conduct
their transactions in different market situations in a heterogeneous market. This situation creates
volatility (Miiller et al., 1993: 12). Short-term investors that produce volatility prevent long-term
investors from entering the market (LeBaron, 2001: 248). Asymmetric information exists between short-
term and long-term investors. When the volatility cluster increases, short-term investments respond to
it, while long-term investors do not. Long-term investors and short-term investors use fundamental

analysis and technical analysis, respectively (Miiller, et al., 1997: 236).

There are market makers at the farthest point of the short-term side and central banks at the

farthest point of the long-term side.

Time in the market is uncertain. Because the perception of time is different among investors.
This is interaction between dynamics occurs. When interest rates and exchange rates change, the trend
changes and this interaction forms the main structure of the volatility cluster. (Dacorogna et al., 2001:
199). The common behavior of all investors drives the market. Geographical location and working hours
are also effective in this case (Dacorogna et al., 1995: 402). The reaction of heterogeneous participants

at different time scales are shown in Figure 1.

Figure 1. Heterogeneous participants react over different time scales

investment
Short-term Medium-term Long-term
day week month

reaction time

Source: created by the authors, adapted from Cheong (2013)

Each component has its own time horizon and response time to news, depending on the
characteristic frequency of action. Assuming that the volatility memory of a component decreases
exponentially with a certain time constant (as in a GARCH (1,1) operation), the memory of the entire
market comprises many such exponential declines with different time constants (Miiller et al., 1993:
12). GARCH model cannot calculate the sophisticate volatility (Lux (2008), Wei and Wang (2008)).
Corsi (2009), focuses on the heterogeneity that originates from the different time horizons. Based on the
HMH, Corsi (2009) offer the HAR-RV model. In the heterogeneous market structure, responses to
shocks in different periods create different volatility structures. These different volatilities create long-

term dependence and heterogeneous market volatility (Cheong, 2013:249). Short-term investors use
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higher frequency data and have shorter memory than long-term investors. Therefore, the volatility
perceived by short- and long-term investors differs from each other. This makes the concept of time
important in measuring volatility (McMillan and Speight, 2006:115).

3. LITERATURE REVIEW

The efficient markets hypothesis has found a wide range of study in finance literature, and there
are studies that test the validity of this theory. Grossman and Stiglitz (1980), in their study of market
efficiency in terms of information, concluded that if the knowledge is cheap and accurate, the knowlodge
can represent in the price, but because the information is expensive, prices do not reflect the information
completely. Because they may not get the return, you pay for the information. Besides the reflection of
information on the price, the behavior of the market is also important in terms of efficiency. De Bondt
and Thaler (1985), in their study with stocks in the NYSE between January 1926 and December 1982,
concluded that the market was overreact (against unexpected events) and the effectiveness was invalid
in weak form. Lo and Mackinlay (1988) rejected the random walk hypothesis in their study of NYSE-
AMEX market return between 1962 and 1985.

Chan et al. (1997) tested weak form efficiency in eighteen countries using unit root tests, and
weak form efficiency detection in all countries individually. Worthington and Higgs (2004) tested
market efficiency in 20 European markets, with daily data between 1988 and 2003. Unit root tests, serial
correlation coefficient, run test and VRSs are use in the study. Test results support weak-form efficiency

in emerging markets, but not in developed countries in Europe.

Liu et al. (1997) investigated market efficiency in Shanghai and Shenzhen stock exchanges
between 1992 and 1995 by cointegration and causality analysis methods with daily data. The random
walk hypothesis accepts within both markets. Narayan and Smyth (2004) tested the efficient markets
hypothesis with monthly data between 1981 and 2003 in the Korean Stock Exchange (KSE KOSPI)
using the unit root tests of Zivot and Andrews and Lumsdaine and Papell. In the period, efficient markets
hypothesis is valid in KSE-KOSPI. Munir and Mansur (2009) tested the efficient markets hypothesis
between 1980 and 2008 using the threshold auto regression with a unit root test at the Kuala Lumpur
Stock Exchange (KLCI) and concluded that the efficient markets hypothesis is valid for KLCI. Alexeev
and Tapon (2011), in their research on the Toronto stock market, found weak market activity in the
period between 1980 and 2010. Model-based bootstrap and EGARCH models used. In a sectoral

research, it’s conclude that some sectors are less effective.

Lynch and Zumbach (2003) investigated the correlations between historical volatility and
realized volatility in the period from 1989 to 2001 using exchange rates, gold bullion market, DJIA, and
the Swiss Market Index (SMI). Correlations show that the market is heterogeneous, with intra-day, daily,
weekly and monthly data. Davies and Studnicka (2018) research heterogeneous impact of Brexit on the

FTSE. They use CAR model on firms listed on London Stock Exchange. There is heterogeneity in the
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changes in firm expectations after Brexit, and this heterogeneity explained by the global value chain.
The market reaction is consistent with investors responding to the potential effects on a firm's global
value chain. Lee et al. (2014) tested the EMH with heterogeneous panel unit root test in international
data set. Sixty stock markets across different income groups and regions research. Stock prices cannot
be predicted based on past price movements.

Tao et al. (2018) tested the heterogeneous market hypothesis with HAR-type models and
ARFIMA-type models in SSEC (26, July 1999 to 30, May 2014) and S&P500 (January 2, 1996 to June
24, 2013) indexes. They use intraday high-frequency data. Estimation coefficients have a significant
positive relationship with the future multifractal volatility. Cheong (2013) tested heterogeneous market
hypothesis in the S&P 500 index between 2005 and 2009, using Heterogeneous Autoregressive GARCH
(HAR-GARCH) and ARFIMA models. The realized volatility models outperformed the inter-day data
models for different frequency data. Cheong, et al. (2016) tested heterogeneous market hypothesis by
using models based on autoregressive HAR model specifications in the BOVESPA index. Empirical
findings are supporting the heterogeneous market hypothesis. Buncic and Gisler (2016) investigated
volatility spillover among eighteen global stock markets using the HAR model. Data is between 2000
and 2015. According to the findings, volatility spillover from the US stock market to Australia and all
European countries is important. Volatility in the US stock market at the weekly frequency negatively
and significantly affects the other seventeen countries. Volatility in the US stock market at the monthly
frequency negatively and significantly affects twelve of the other seventeen countries. Volatility

spillover is stronger at lower frequencies.

When the literature is examined, the number of studies on HAR-type models that take into
account the heterogeneous structure of investors is increasing day by day. In this study, we aim to
contribute to the literature by investigating the heterogeneity in the major stock markets of Europe,
which has not been adequately researched in the literature, and by representing policy recommendations

within the framework of empirical findings.

4. DATA AND METHODOLOGY

The study data set is the realized volatility calculated in 5-minutes intraday intervals from
January 1, 2010 to December 31, 2020. Realized volatility data consisted of 2830 observations daily.
The number of stock indexes of European stock markets whose realized volatility is examined is seven.
These are FTSE100 index (United Kingdom), DAX index (Germany), CAC 40 index (France), FTESE
MIB index (ltaly), IBEX 35 index (Spain), AEX index (Nederland) and Euro Stoxx 50 index. The VIX
index included in the data set of the study in order to address the effect of global volatility on European
stock markets. In the literature, the VIX index is used as a more comprehensive volatility indicator than
other global volatility indicators (such as DJIA, Nasdag 100 and S&P 500). The daily realized volatilities

in European stock exchanges in the study data set obtained from the library of the Oxford-Man Institute's
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Quantitative Finance Realized Library (https://realized.oxford-man.ox.ac.uk/data). Chicago Board
Options Exchange Volatility Index (V1X) index data obtained from is the Federal Reserve Bank of St.
Louis corporate web address (https://alfred.stlouisfed.org). Brief information about the indexes in the
study is presented below. VIX measures volatility expectation in S&P 500 index. The VIX, which was
started to be calculated in 1993, was first used to calculate the expected volatility of the S&P 100 index.
Since 2003, it has been used to calculate the expected volatility of the S&P 500 index. The VIX has
been an index used to measure the implied volatility of the market. VIX is closely monitored as a risk
and uncertainty factor not only for the United States but also for the financial markets of all countries in

the world.

The most commonly used methods of volatility measurement are historical volatility, extreme
value volatility, and realized volatility (RV). The concept of RV has been proposed by Merton (1980).
RV is a measure of volatility obtained by calculating the sum of the return squares of an asset between
equally short time intervals in a day, such as 5, 10, or 15 minutes. The RV is expressed in equation (1)

below:

m

th=zr§i,t=1,...,T )
i=1

1¢; is the intraday log-price difference (100 X log(pt,i) —log(p¢i—1)). Returns observed for
equally short periods i within the total time interval m per day at time t. The RV is obtained in \/R_Vt .
Thus, high-frequency data allow modeling of the observed portion of volatility instead of an unobserved
latent variable (such as ARCH or GARCH Engle (1982) and Bollerslev (1986)) or latent stochastic
volatility (Taylor (1994) or Harvey (2013)) in the volatility model. In such a model proposed for

observed RV, it is a heterogeneous autoregressive model.

Firstly, unit root test of RV series. Despite the possibility of spurious regression in the analysis
of time series, we desire it that the series is stationary. There are time series unit root tests developed for
this. The most widely used of these unit root tests are Dickey and Fuller (DF, 1979) Test, Augmented
Dickey-Fuller (Dickey and Fuller, 1981) Test (ADF), Phillips and Perron (1988) Test (PP) and
Kwiatkowski et al. (1992) Tests (KPSS). Zivot and Andrews (1992) is used as the structural break unit
root test. The stationarity of the financial time series, which are the subject of this study, analyzed
through ADF (1981) test, PP (1981) test, KPSS (1992) test and Zivot and Andrews (1992) test.

To eliminate the autocorrelation problem in ADF (1981) test, since the lag lengths of the
dependent variable are included in the model, this causes the degree of freedom to decrease. In PP (1988)
test, a nonparametric correction is made to the t test instead of adding the lags of the dependent variable
to the model. In this way, the loss of degrees of freedom is eliminated. In ADF and PP unit root tests,
the Ho hypothesis states that the analyzed series is unit root, it is not stationary. The test statistics used

in ADF (1981) and PP (1988) tests are based on McKinnon critical values. The time series examined in
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the unit root test developed by KPSS (1992) is free from trend. Therefore, the fact that the Ho hypothesis
cannot be rejected indicates that the analyzed series is trend stationary. The test statistic used in the
KPSS (1992) test is an LM test based on residuals. In the Zivot ve Andrews (1992) test, the main
hypothesis is unit root and the alternative hypothesis is trend stationarity. Three models are used: Model
A, which allows a single break in the level, Model B, which allows a single break in the slope, and
Model C, which allows a single break in both the slope and the level in the Zivot-Andrews (1992) unit
root test,. Model A and C are used in this study.

In the literature, autocorrelation and partial autocorrelation coefficients are widely used to
determine the long memory in financial time series. High coefficients considered as an indicator of
dependency in the series. Tests developed to measure the level of dependency in the series according to
autocorrelation and partial autocorrelation. Ljung and Box (1978) Q Statistics based on autocorrelation
and partial autocorrelations calculated after unit root tests of the examined indexes. Because of the
Ljung-Box (1978) Q Test, the existence of linear dependence in indexes tested. In the Ljung-Box (1978)
Q Test, the Ho hypothesis tested the index is linearly independent. Because of the test, if Ho is reject, the
index considered being linearly dependent distributed. Thus, it concluded that the index is auto-
correlated and has a long memory feature. This result makes it necessary to analyze the indexes with
methods that consider dependency (long memory). The HAR model takes this dependency into account.

RV analyzes classified under the following three groups in the applied literature. The first of
these is the traditional ARMA or fractionally integrated ARMA (ARFIMA) class models in which long-
term memory analyzes performed. Second, they are patterns of structural breaks or regime switches in
the class of nonlinear time series analyzes. The third is heterogeneous autoregressive (HAR) models. In

this study, RV analyzed by heterogeneous autoregressive (HAR) models in the third group.

HAR-RV, proposed by Corsi (2009), is a regression model in which volatility predict with the
help of past heterogeneous volatilities. The volatility in the model has three different time horizons
structure. Therefore, the model called HAR (3)-RV. This volatility structure in the past has been in daily,
weekly and monthly format. It shows that today's volatility based not only on the volatility of the day
before, but also on the volatility of the past week and last month. Thus, the volatility estimated by the
model is less affected by excessive observations. It represents daily short-term volatility, weekly
medium-term volatility and monthly long-term volatility. Also, long-term memory considered in the
model. HAR (3)-RV structure of a particular stock market index give in equation (2) below (Corsi, 2009:
181):

RViy1 = Bo+ B*RV{ + BYRVY + PRV + £144 )
The HAR formula of the RV of the stock market index given by RVE = RV,, RVY =

%Z?zl RV,4,_; and RV™ = iz%ﬁl RV,,1_; . These represent the daily, weekly, and monthly HAR
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structure of the RV of the stock market index, respectively. These terms represent, representing short-,

medium- and long-term volatilities in different time horizons.

It presents augmented HAR structure of a particular stock market index in equation (3) below
(Buncic and Gisler, 2016: 1321):

RV, = Bo + BRVE + BYRVY + B™RV™ + Bi,, log VIX?

+Pvix log VIXY + BVix log VIXT + £,,4 @)

In Equation (3), besides Equation (2), the volatility HAR structure of the VIX index representing
global volatility included in the model. logVIX® = logVIX,, logVIXY = §21'5=1 logVIX,,,_; and

logVIX™ = %ijllog VIX.,,_; denotes global heterogeneous volatility. These refer to the daily,

weekly and monthly HAR structure of global volatility, respectively. These terms represent different

time horizons in the model, representing short-, medium- and long-term volatilities.

5. EMPIRICAL RESULTS

The research results are presented under the headings below. First, time course graphical
analysis of volatility in indexes is given. In the following titles, summary statistics, unit root test,
autocorrelation test and finally augmented HAR-RV model estimation results are included.

5.1. Summary Statistics of Volatility

Summary statistics of the indexes presented in Table 1. The ranking of RV from high to low in
terms of mean for the period examined realized as IBEX, STOXX50, MIB, CAC, DAX, FTSE and
AEX. There is a similar ranking within the Median indicator. The finding is similar when looking at the
maximum and minimum indicators. In terms of central trend indicators, the RV relatively higher in
IBEX, STOXX50 and MIB stock market indexes. RV is low, especially in AEX and FTSE stock market
indexes. According to the skewness and kurtosis measures of central tendency, it seen that the European
stock market indexes do not have a normal distribution. Kurtosis values of the indexes revealed that the
fat tail and the skewness values left-skewed. Especially the fat tail, i.e. leptokurtic distribution, shows
that high RV experienced because of extreme movements and extreme values in European stock market
indexes. Considering the central tendency and volatility indicators of the VIX index, we can say it has

a normal distribution.

Table 1. Summary Statistics of RV and VIX Data

Indexes Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis
RV aex 0.0084 0.0046 0.4200 0.0002 0.0187 12.5855 217.9575
RVcac 0.0109 0.0063 0.4362 0.0004 0.0199 10.1177 155.3262
RVbpax 0.0105 0.0062 0.3118 0.0004 0.0175 7.85783 93.1794
RVFTse 0.0097 0.0049 0.6668 0.0001 0.0244 15.0173 324.9749
RVBex 0.0153 0.0095 0.5510 0.0009 0.0244 9.9481 158.6063
RVwmis 0.0119 0.0072 0.2728 0.0001 0.0174 6.3371 62.6730
RV stoxxs0 0.0127 0.0070 0.5405 0.0001 0.0256 10.7387 163.1350
VIX (log) 1.2265 1.2005 1.9174 0.9609 0.1459 0.9652 4,1388
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5.2. Developments in Volatilities

Time path graphs of volatility of stock market indexes are presented in Graph 1 below. It
observed that the volatility of the indexes changed over time. When the RVs in the European stock
market indexes are evaluated collectively, it has been observed that the RVs have changed similarly in
the long term. It remained high in the European stock markets as of the 2011, 2012, 2015, 2016, and
2020 periods of the RV. However, it fell in the European stock markets in the 2010, 2013, 2014, and
2017-2019 periods of the RV. Despite the parallelism experienced by the periods of the change of RVs,
RV high in MIB, IBEX, AEX and CAC indexes. RV has low values in the FTSE, DAX and STOXX50
index. VIX increased in 2010, 2015, 2018, and 2020. The periods when volatility is low in the VIX are
2012, 2013-2014, 2016-2017, and 2019. Common periods of high volatility in Europe and VIX are 2015
and 2020. Common periods where it is low are 2013-2014, 2017, and 2019. Common movements in
volatility stemmed from shocks on a global scale, not on a local or regional scale.

After the 2008 Global Financial Crisis, there are deteriorations in money markets. The credit
contraction, which occurred as a result of a number of developments such as banks tightening lending
conditions and reducing the functions of interbank markets, led to the emergence of imbalances in the
macroeconomic and financial structures of European countries. It can be said that the 2011 and 2012
volatility clustering in the indices in Chart 1 is due to this debt crisis. The increase in volatility in the
indices in 2016 is due to the Brexit referendum. It can be stated that the increase in 2020 was due to

COVID-19 pandemic. VIX also reacted in the same periods.
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Graph 1. Volatility Indexes
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5.3. Unit Root Tests
The unit root test results of the RV series of the stock indexes of the stock exchanges reported

in Table 2 below. We found it that the indexes do not contain unit roots. In the following analysis stages
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of the study, we should prefer methods that consider the stationary. In the study, estimation of RV series

with steady-state processes performed by HAR analysis.

Table 2. Unit Root Tests Results

Indexes ADF Test PP Test KPSS Test Zivot-Andrews Test
t-Stat Adj. t-Stat LM-Stat Model A Model C
RV aex -0.884™" -29.003™" 0.152 -11.371* -11.466**
RVcac -11.151™ -26.948™" 0.276 -10.755** -10.877***
RVpax -10.159™" -26.395"" 0.275 -10.494** -11.007**
RVFrse -9.019™" 49,293 0.223 -10.492** -10.588**
RVBex -10.076™" -35.008™" 0.334 -13.738*** -13.838***
RVwmis -8.985™" -32.550™" 0.343 -11.766*** -12.040***
RVsTtoxxs0 -10.278™" -33.336™" 0.217 -10.524** -10.674***
VIX (log) -5.715™" -5.452™" 0.352 -6.868*** -7.425%**

T, T refers to significance levels of %10, 5%, and 1%, respectively. KPSS
Asymptotic critical values are 0.739(%1), 0.463(%5) and 0.347(%10)

5.4. Dependence Test

Table 3 presents autocorrelation and heteroscedasticity test findings of the indexes. ACF, PACF
and Ljung-Box statistics calculated for the first, fifth and twenty-second lags of the indexes. Ljung-Box
Q statistics for European stock markets and VIX in Table 3 found to be statistically significant. Ho
hypothesis rejected for all the indexes. When autocorrelation and partial autocorrelations of the realized
volatility of AEX, DAX, MIB and IBEX exchanges examined, it observed that they have long-term
memory. Although the autocorrelation and partial autocorrelations of the realized volatility of
STOXX50, FTSE and CAC exchanges are relatively low, it has determined that these exchanges also
have long-term memory. In European stock exchanges, ACF (1) and ACF (5) values are above 0.50.
Therefore, it observed that the volatility realized in the leading European stock markets in the period
examined had a high persistence. Autocorrelations in VIX took values between 0.973 and 0.679. These
very high autocorrelation coefficients showed the VIX index has a high level of volatility, ie high
persistence. In addition, it showed that long-term memory (long memory) is strong in VIX. In line with
this finding, volatility analysis in the study estimated with the HAR model, which considers long

memory and heterogeneity.

Table 3. Dependence Test Results

Indexes | ACF(1) | ACF(5) | ACF(22) | PACF(1) | PACF(5) | PACF(22) LB(1) LB(5) LB(22)
RVaex 0.711 0.501 0.091 0.711 0.017 0.014 14232 | 52944 | 8576.6"
RVeac 0.740 0.528 0.154 0.740 0.045 0.034 1540.0° | 5571.1° | 9635.9"
RVoax 0.751 0542 0.210 0.751 0.127 0.016 1587.4° | 5710.9° | 10921
RVerse 0.469 0.422 0.104 0.469 0.121 0.012 61852° | 2718.6° | 5419.2"
RV gex 0.621 0.351 0.137 0.621 0.045 0.012 10853~ | 30815 | 5240.9"
RVwis 0.690 0.482 0.227 0.690 0.074 0.011 13405° | 47262 | 93065
RVerosso | 0.660 0.497 0.116 0.660 0.120 0.016 122527 | 4347.7° | 72694
VIX (log) | 0973 0.872 0.679 0.973 0.033 0.029 2662.7° | 12180" | 40490

*and ™ refer to significance levels of 5%, and 1%, respectively

5.5. Augmented HAR Model Test Results
The results of the augmented HAR-RV (3) have used by equation (3), in which we model the
volatility in the European stock market indexes, presented in Table 4 below. Model heteroscedasticity

and autocorrelation consistent (HAC) calculated with the variance / covariance matrix estimator. In
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Table 4, the dependent variable in volatility models is the expected RV of the stock market index.
Independent variables are the past 1-day RV of the dependent variable, the average RV for the past 5
working days and the average RV for the past 22 working days. Thus, the effects of three different
volatility structures on the European stock market indexes RVs intended to measure. In addition, in
order to measure the effects of three different volatility structures of global volatility on the RVs of
European stock exchanges indexes, the previous 1 weekday VIX (log) of the VIX index, the average
VIX (log) of the past 5 weekdays and the average VIX (log) of the past 22 weekday included as
independent variables in the model. Independent variables that show these three different time horizons
in the model express short, medium and long-term volatility. Daily, weekly and monthly volatilities
show the effects of short-term volatility, medium term volatility and long-term volatility, respectively.

The three volatility structures in the model represent short, medium and long-term investors.

It seen that the augmented HAR model can explain 57% -71% of the change in European stock
market indexes in Table 4. The order of explanation from lowest to highest is IBEX, FTSE 100,
EUROSTOXX 50, MIB, CAC 40, AEX and DAX. The European stock market indexes IBEX and FTSE
100 have the lowest determination of both own and global volatility. The European stock exchange
indexes where the determination of its own and global volatility is the highest are DAX, CAC 40 and
AEX.

In Table 4, the second last term gives the statistical significance test of the VIX coefficients
together (X2, Statistic). CAC 40 and Euro Stoxx 50 are significant at the 10% significance level. The
last term is the test of the statistical significance of all coefficients in the RV model together
(X3, Statistic). These two tests are statistically significant. Thus, it has found that the European stock
market indexes RVs have the property of time-dependent heteroscedasticity both in their own volatility
shock and in the global volatility shock (VIX).

AEX expected RV affected by its own daily, weekly and monthly volatility shocks. In addition,
daily and weekly global volatility shocks affected the AEX RV. CAC 40s weekly and monthly volatility
shocks found effective on expected RV. The monthly global volatility shock CAC 40 affected the
expected RV. DAX expected RV affected by its own weekly and monthly volatility shocks. DAX
expected RV affected by daily, weekly and monthly levels of global volatility. The EUROSTOXX 50
expected RV affected by its weekly and monthly volatility shock. Weekly and monthly global volatility
shocks affected EUROSTOXX 50 expected RV. The impact of all levels of FTSE 100 expected RV
both self and global volatility shocks detected. IBEX's expected RV weekly and monthly volatility
shocks effective. Weekly and monthly global volatility shocks affected IBEX's expected RV. The MIB
expected RV affected by its own weekly and monthly volatility shocks. In addition, weekly and monthly

global volatility shocks affected the RV expected to MIB.
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The finding revealed in the model is that the expected RV coefficients in the European stock
market indexes are negative, weekly RV coefficients are positive and monthly RV coefficients are
negative again. On the other hand, the daily coefficients of global volatility to the expected RV in
European stock markets found to be positive, weekly negative and monthly positive. This finding means
that the effect of both local and global volatility on volatility in stock markets shows the characteristic
of time-dependent heteroscedasticity. In addition to the volatility of the stock markets, its volatility
decreases daily, increases it weekly and decreases again monthly. In global, the direction of the impact

is opposite to the local.

Table 4. Augmented HAR(3)-RV Model Results

AEX CAC40 DAX | EUROSTOXX50 | FTSE100 IBEX MIB
-0.000059 | -0.000244 | -0.000033 -0.000022 -0.000025 | -0.000048 | -0.000025
Bo [0.000002] | [0.000016] | [0.000021] [0.000017] [0.000012] | [0.000023] | [0.000016]
P -0.000685 | 0.000299 | 0.000199 -0.000278 -0.002203 | -0.000065 | -0.000434
B [0.000307] | [0.000519] | [0.000788] [0.001025] [0.000237] | [0.000345] | [0.000670]
N 0011077 | 0.010268 | 0.009988 0.010903 0013401 | 0.009666 | 0.010531
B [0.000662] | [0.000738] | [0.001123] [0.001241] [0.000675] | [0.000646] | [0.000776]
. -0.001858 | -0.001535 | -0.001237 -0.001568 -0.002033 | -0.000966 | -0.001063
B [0.000515] | [0.000528] | [0.000578] [0.000495] [0.000509] | [0.000332] | [0.000382]
P 0.000768 | 0.000005 | 0.000729 -0.000223 0.000773 | 0.001164 | 0.000748
Bvix [0.000215] | [0.000069] | [0.000192] [0.000128] [0.0002619 | [0.000449] | [0.000208]
" -0.000711 | -0.000065 | -0.000752 0.000159 -0.000857 | -0.001106 | -0.000753
Bvix [0.000254] | [0.000099] | [0.000183] [0.000107] [0.000297] | [0.000478] | [0.000237]
. 0.000002 | 0.000088 | 0.000006 0.000095 0.000112 | -0.000003 | 0.000035
Bvix [0.000008] | [0.000051] | [0.000003] [0.000046] [0.000055] | [0.000078] | [0.000044]
R? 0.705656 | 0.702028 | 0.712006 0.639572 0584487 | 0.578633 | 0.667756
X2 1512543 | 6.59444 | 18.19253 6.83298 1125661 | 8.783381 | 16.16247
Statistic | [0.0000] [0.0860] | [0.00004] [0.0774] [0.0104] [0.0323] [0.0011]
X2y 2045532 | 4379.038 | 2704.107 3272.168 7601.881 | 5348.837 | 2870.087
Statistic | [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000]

Graph 2 presents the augmented HAR model parameter coefficients that show how the RV in
the European stock market indexes affected. FTSE 100 expected RV negatively affected by daily
volatility. The impact on the FTSE 100 has been significant. The expected RV of all indexes strongly
positively affected by the weekly volatility. The volatility of the FTSE 100 was very high, while the
volatility of other indices was high. The effect of monthly volatility is negative on the expected volatility
of indices. The effect has been significant in FTSE 100, AEX and EUROSTOXX50. These findings
suggest that the expected volatility of the FTSE 100 is higher than the short-term volatility for the long
and medium term. It has determined that the effect of medium and long-term volatility on the expected
volatility of AEX and EUROSTOXX50 is significant. The decisions of medium and long-term investors
have been decisive in FTSE 100, AEX and EUROSTOXX50. In other indexes, the determinants of
medium-term investors' behavior came to the fore. Medium-term and long-term volatility shocks

effective in European stock markets. This finding is that long memory is valid.

Short-term global volatility (V1X) positively affected RVs in IBEX, MIB, DAX, FTSE100 and
AEX. This effect does not apply to medium and long term global volatility. Therefore, the daily global
volatility affected the European stock markets, weekly and monthly global volatilities do not affected

the European stock markets. Short-term investors trading on European stock markets affected by global
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volatility. The decisions of investors making medium and long-term investments not affected by global

volatility. It shown that global volatility does not have a long memory in European stock markets.

Therefore, the short-term global volatility shock has been effective in European stock markets.

Graph 2. Plots of all parameters estimates from the augmented HAR model
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6. CONCLUSION

The aim of this study is to test HPH validity in volatility in major European stock markets.
Another aim of the study is the compatibility of the effect of global volatility on European stock market
volatility with HPH. Seven European stock market indexes and VIX indexes have considered. Analysis
method of the study is the HAR model, which tests long memory and HPH. Analysis results summarized

below:

Volatility in European stock markets has changed. When evaluated collectively with the RVs in

the European stock market indexes, the movement of the RVs has shown similarities in the long term.
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Despite the parallelism experienced as of the periods in the change of RVs, RV is high in MIB, IBEX,
AEX and CAC indexes. RV has low values in the FTSE, DAX and STOXX50 index.

Volatility in European stock markets increased in 2011-2012, 2015-2016 and 2020 periods.
Volatility in European stock markets decreased in 2010, 2013-2014 and 2017-2019 periods. Volatility
in the VIX index is high in 2010, 2012, 2015, 2018, and 2020. However, volatility in the VIX index is
low in 2013-2014, 2016-2017, and 2019. Common periods of high volatility in Europe and VIX index
are 2012, 2015, and 2020. Common periods where it is low are 2013-2014, 2017, and 2019. Common

movements in volatility stemmed from shocks on a global scale, not on a local or regional scale.

It has determined that the volatility in the European stock market indexes does not have a fat
tail and normal distribution. In addition, volatilities found to have a static process characteristic. Because
of autocorrelation test, it found that volatility series have long memory. Based on these findings, it
estimated the volatilities with the HAR model. According to the model findings, the most recent past
information not supported in European stock markets, where it affects the expected volatility more.
Investment decisions representing medium and long-term horizons had a significant impact on European
stock markets. In particular, the influence of the medium-term investment horizon played a dominant
role. Findings support the HPH. Similar results got with Tao et al. (2018) Cheong (2013) Cheong et al.
(2016) and Buncic and Gisler (2016). Investors who have different investment time horizons in
European stock exchanges interpret the market information differently. Short-term investors need a
significant amount of cash soon. Medium investors take risks between low and high risk. Investments
that want to earn high returns and involve a certain risk made by long-term investors. These differences

in investor horizons affect the portfolio diversification of investors.

The findings show that European stock markets can better explain when alternative volatility
structures created. In this way, it is possible to understand the long memory volatility behavior in
European stock markets. This finding is important for investors in planning their portfolio strategy. It
shows that market efficiency is worth researching. Long memory effect not observed in the effect of
global volatility (VIX) on European stock markets in the model. Therefore, the short-term global
volatility shock has been effective on European stock markets. According to Miiller et al. (1997),
different investor profiles in the markets cause different fluctuations to perceived and reacted according
to this perception. The significant impact of the short-term global volatility shock on European stock
markets shows that there are more investors who make higher-frequency evaluations and have short-
term memory in these markets. Here, not only the investor profile but also the volatility structure divided
into components transitory and permanent. Volatility is transitory to European stock markets. This result

shows that investment reaction times are also short term.

The study carried out on important stock market indexes and global volatility index in Europe.

It takes volatility and volatility transitions into account in the analysis. It should take these limitations
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into account when evaluating the results of the study. Despite these limitations, the study revealed that
it revealed both the volatility structure in European stock markets and the effects of global volatility on
the volatility of European stock markets. In future studies, it may take the effects of factors such as

volume or liquidity on volatility into account.
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