ISSN 1518-3548

[‘{:; BANCO CENTRAL DO BRASIL

How much random does European Union walk?

A timevarving | s

A. Sensoy and Benjamin M. Tabak

December, 2013

Working Papers
' —




ISSN 1518-3548
CNPJ 00.038.166/0001-05

Working Paper Series

Brasilia

n. 342

December

2013

p. 1-31




Working Paper Series

Edited by Research Department (Depep) — E-mail: workingpaper@bcb.gov.br

Editor: Benjamin Miranda Tabak — E-mail: benjamin.tabak@bcb.gov.br
Editorial Assistant: Jane Sofia Moita— E-mail: jane.sofia@bcb.gov.br
Head of Research Department: Eduardo José Araljjo Lima— E-mail: eduardo.lima@bch.gov.br

The Banco Central do Brasil Working Papers are all evaluated in double blind referee process.
Reproduction is permitted only if sourceis stated as follows: Working Paper n. 342.

Authorized by Carlos Hamilton Vasconcel os Araljo, Deputy Governor for Economic Policy.

General Control of Publications

Banco Central do Brasil

Comun/Dipiv/Coivi

SBS — Quadra 3 — Bloco B — Edificio-Sede — 14° andar
Caixa Postal 8.670

70074-900 Brasilia— DF — Brazil

Phones: +55 (61) 3414-3710 and 3414-3565

Fax: +55 (61) 3414-1898

E-mail: editor@bch.gov.br

The views expressed in thiswork are those of the authors and do not necessarily reflect those of the Banco Central or
its members.

Although these Working Papers often represent preliminary work, citation of sourceis required when used or reproduced.

As opiniBes expressas neste trabalho sdo exclusivamente do(s) autor(es) e ndo refletem, necessariamente, a visdo do Banco
Central do Brasil.

Ainda que este artigo represente trabalho preliminar, é requerida a citagdo da fonte, mesmo quando reproduzdo parcialmente.

Citizen Service Division

Banco Central do Brasil

Desti/Diate

SBS — Quadra 3 — Bloco B — Edificio-Sede — 2° subsolo
70074-900 Brasilia— DF

Toll Free: 0800 9792345

Fax: +55 (61) 3414-2553

Internet: <http//www.bch.gov.br/?CONTACTUS>



How much random does European Union walk?
A time-varying long memory analysis

A. Sensoy*
Benjamin M. Tabak?

The Working Papers should not be reported as representing the views of
the Banco Central do Brasil. The views expressed in the papers are those

of the author(s) and do not necessarily reflect those of the Banco Central

do Brasil.

Abstract

This paper proposes a new efficiency index to model time-varying inefficiency in stock markets.
We focus on European stock markets and show that they have different degrees of time-varying effi-
ciency. We observe that the 2008 global financial crisis has had an adverse effect on almost all EU
stock markets. However, the Eurozone sovereign debt crisis has had a significant adverse effect only
on the markets in France, Spain and Greece. For the late members, joining EU does not have a
uniform effect on stock market efficiency. Our results have important implications for policy makers,

investors, risk managers and academics.

Keywords: Long memory; European Union; Stock Market Efficiency; Generalized Hurst Exponent
JEL Classification: C00, C1, G01, G14, G15, N24

*Borsa Istanbul, Research Department, Istanbul, Turkey 34467; Bilkent University, Department of Mathematics, Ankara,
Turkey 06800

¥Banco Central do Brasil, Research Department, Brazil



1 Introduction

Market efficiency has been widely discussed in financial literature. According to the weak form of
Efficient Market Hypothesis (EMH) (Fama, 1970), stock prices follow a random walk, a term to denote
the logic asserting that tomorrow’s price changes only reflect tomorrow’s news where news is assumed
to be unpredictable hence price changes must be random (Malkiel, 2003). However, as far as financial
markets are concerned, the notion of long memory was shown to exist in asset returns first by Mandelbort
(1971) and then by many others (See Fama and French (1988); Lo and Mackinlay (1988); Poterba and
Summers (1988); Brock et al. (1992); Cochran et al. (1993)).

The presence of long memory brings out several problems: The investors’ preferred investment horizon
becomes a risk factor (Mandelbort, 1997); the methods used to price financial derivatives (such as the
Black and Scholes (1973) model) may no longer be valid;! the usual tests based on the Capital Asset
Pricing Model and Arbitrage Pricing Theory (Black et al., 1972) cannot be applied to series with long
memory.?

This paper aims to compare the efficiency of all stock markets in European Union (EU) after the
introduction of the Euro.®> This comparison is essential in many ways, for example; since not all EU
members use Euro as their currency, it is an important question to answer if such a situation made any
difference on the stock market efficiency in the last decade. A similar question arises due to the fact
that some of the countries in our analysis joined EU or started to use Euro later than others in the time
interval of our study. Furthermore, the study time line includes two major crisis; namely the 2008 global
financial crisis and the Eurozone sovereign debt crisis.

In 2008, the US experienced a major financial crisis leading to one of the most serious recessions in
history. The crisis spread to many foreign nations, especially in Europe, resulting in a global economic
crisis. The crisis has had further developments in countries in Europe with weak fiscal discipline, leading
to the European debt crisis. Six of the region’s countries; Greece, Portugal, Ireland, Italy, Spain, Cyprus,
have struggled to fully pay back their bondholders. Although these six are seen as the most problematic,
their possible default has far-reaching consequences beyond their borders. This study will also show the

effects these crises have had on the efficiency of European stock markets.

1Jamdee and Los (2007) demonstrates how long memory phenomena can change European option values compared to

the Black-Scholes model assumptions.

2Mandelbort (1971) notes that the arrival of new information can not be fully arbitraged away in the presence of long

memory and asset pricing with martingale models cannot be obtained from arbitrage.

3The Euro is the second largest reserve currency as well as the second most traded currency in the world after the

United States dollar.



This is the first study that compares relative efficiency of all stock markets in EU and we use the Hurst
exponent in that purpose. Many previous weak-form EMH studies assume a fixed level of market efficiency
throughout the entire estimation period. It is incorrect to assume that the market is perpetually in an
equilibrium state (Lo, 2004, 2005). Hence, instead of regular static approaches, we use a time-varying
approach to see the dynamics of the efficiency. Moreover, instead of the popular R/S (Hurst, 1951) and
modified R/S (Lo, 1991) statistics approach, we use the generalized Hurst exponent (GHE) introduced by
Barabasi and Vicsek (1991). It combines sensitivity to any type of dependence in the data and simplicity.
Furthermore, since it does not deal with maxima and minima, it is less sensitive to outliers than the
popular R/S statistics (Barabasi and Vicsek, 1991; Di Matteo et al., 2005). Besides, it is a stylized fact
that the stock returns are not normally distributed and are heavy-tailed. Barunik and Kristoufek (2010)
studies how the sampling properties of the Hurst exponent estimate change with fat tails by comparing the
R/S analysis, multifractal detrended fluctuation analysis, detrending moving average and the generalized
Hurst exponent approach in estimating the Hurst exponent on independent series with different heavy
tails. They show that GHE is robust to heavy tails in the underlying process and provides the lowest
variance.

Finally, we contribute to the literature by introducing a time-varying efficiency index that could be
useful especially in analyzing the effects of exogenous events on the efficiency level.

The structure of the paper is as follows: Section 2 gives a brief literature review on the efficiency of
European stock markets. Section 3 explains the methodology used in this study. Section 4 presents the

data and the results. Finally section 5 includes some discussion and offers a brief conclusion.

2 Review of past studies on the efficiency of European stock
markets

The efficiency of stock markets has been a subject of much attention in the empirical finance lit-

erature.?

The literature that focus on European stock markets has employed various methodologies.
However, the literature provides mixed evidence. Cheung and Lai (1995) found no evidence of long
memory in major European stock markets using a modified R/S test and a fractional differencing test.
Using the modified R/S statistic, Jacobsen (1996) shows that none of the return series of indexes of

five major European countries exhibits long memory. Lux (1996), applying three different concepts for

the identification of long memory effects, virtually found no evidence of such behavior in German stock

4For example see Sadique and Silvapule (2001); Cajueiro and Tabak (2004, 2007, 2008); Kim and Shamsuddin (2008);
Lim and Kim (2011); Goddard and Onali (2012); Spierdijk et al. (2012); Sensoy (2013) for international stock markets.



market returns. Dockery and Kavussanos (1996) performs unit root tests using panel data to investigate
empirically stock price efficiency of the Athens stock market and their Wald test statistics reject the
random walk hypothesis for stock prices. However, using time-varying global Hurst exponents, Cajueiro
et al. (2009) show that after the financial liberalization in Greece, stock market efficiency has significantly
improved in time.

Booth and Koutmos (1998) studies four major European stock markets by modeling their returns as
conditionally heteroskedastic processes with time dependent serial correlation. Their evidence suggests
that returns in these markets are non-linearly dependent on their past history. Vir (2000) examines
the long memory property in Finnish stock market by various alternative test procedures. The results
give some evidence on long memory but do not overwhelmingly support their existence in the Finnish
stock market. Areal and Armada (2002) find tendencies towards mean aversion and mean reversion in
Portuguese stock market using several methodologies, however they notice that results are very sensitive
to the methodology used and the significance tests performed. Smith and Ryoo (2003) test the assertion
that stock prices of five European emerging markets; Greece, Hungary, Poland, Portugal and Turkey,
follow a random walk using the multiple variance ratio test. The assertion is rejected in all cases except
Turkish stock market. Fifield et al. (2005) test the validity of the weak form of EMH for a selection of
11 European stock markets. Their findings indicate that the emerging markets included in their study
are informationally inefficient; they display some degree of predictability in their returns, although the
developed markets do not.

Lately, Hurst exponent became very popular in analyzing the stock market efficiency. Cajueiro and
Tabak (2006) present empirical evidence of short and long-run predictability in stock returns for European
transition economies using Hurst exponent. Furthermore, they find that this long-range dependence is
strongly time-varying. With a similar methodology, Onali and Goddard (2009) test for random walk be-
havior in the Italian stock market. They reveal that departure from random walk behavior is statistically
significant on standard criteria. Later in another study, Onali and Goddard (2011) analyze long memory
in the returns of eight European stock market indexes and find strong evidence of long memory for the
stock market of Czech Republic, and a weaker evidence for the stock markets of Spain and Switzerland.

Borges (2010) tests the weak form EMH on stock market indexes of UK, France, Germany, Spain,
Greece and Portugal using a runs test and joint variance ratio tests. This hypothesis is rejected in
Portugal, Greece, France and UK, however it is not rejected in Germany and Spain. Smith (2012) tests
for random walk behavior of 15 European stock markets with a rolling window variance ratio tests. He
finds that the most efficient are the Turkish, UK, Hungarian and Polish markets and the least efficient are

the Ukrainian, Maltese and Estonian stock markets. Furthermore, the 2008 financial crisis coincides with



return predictability in the Croatian, Hungarian, Polish, Portuguese, Slovakian and UK stock markets.
However, the crisis had little effect on weak form efficiency in stock markets of Greece, Latvia, Romania,
Russia and Turkey.

Based on the above studies, one could state that efficiency analyzes for European stock markets do

not come to a unified conclusion and the results vary in time.

3 Methodology

Several methods have been proposed to analyze the long memory in time series® and the literature
review shows that the two most common techniques used for European stock markets are the modified
R/S analysis and the variance ratio tests. However, in this study we will follow a different methodology.
We are interested in the degree of long memory of a given stochastic process S(t) with ¢ = (1,2, ..., At)
defined over a time window At with unitary time steps and we use H(q) as a measure of long memory.® It
is a generalization of the approach proposed by Hurst (1951) and it may be evaluated using the ¢*"-order
moments of the distribution of increments, which is a good characterization of the statistical evolution
of S(t) (Barabasi and Vicsek, 1991),

< S(t+7) - S >
- <1S@) >

Ky(7) (1)

where 7 can vary between 1 and 7,4, and < ... > denotes the sample average over the time window.”

H(q) is then defined for each time scale 7 and each parameter ¢ as

Ky (7) oc 77H(@ (2)

5See Taqqu et al. (1995) for a survey of these methods.
6In financial applications, S(t) is the log-prices for stock markets.

"For q = 1, eq.(1) describes the scaling behavior of the absolute increments and it is expected to be closely related to
the original Hurst exponent which is indeed associated with the scaling of the absolute spread in the increments (Di Matteo,
2007). Therefore, in this work, we focus on the case ¢ = 1. For g = 2, K4(7) is proportional to the autocorrelation function

Ct,7) =< S(t+71)S(t) >.



H(q) is computed through a linear least squares fitting® using a set of values corresponding to different
values of Tyna, in eq. (1).° For any value of ¢, H(g) = 0.5 means that S(¢) does not exhibit long memory,

while H(q) > 0.5 and H(q) < 0.5 implies that S(t) is persistent and mean-reverting respectively.!°

3.1 Calculation of the standard errors

The standard errors of the H (1) estimates are found by employing a pre-whitening and post-blackening
bootstrap approach of Grau-Carles (2005) that also previously used by Cajueiro and Tabak (2008, 2010)

and Souza et al. (2008). The methodology can be summarized as follows:

1. Obtain the log-returns r(¢) from log-prices.

2. Do the pre-whitening by estimating an AR(p) model for log-returns with p sufficiently high (we

take p from 1 to 30). The order of the AR is estimated through the Akaike information criteria.
3. Obtain the residuals €(t) of the AR model from the historical sequence.

4. Obtain the simulated innovations by bootstrapping e(t) using the circular block bootstrap (Politis
and Romano, 1992), where the choice of block length is given by the rule provided in Politis and
White (2004).11

5. The post-blackening is made, adding the innovations series generated by bootstrap to the model

whose parameters were generated in the pre-whitening, to obtain the synthetic log-return series.
6. The synthetic log-prices are recovered recursively from bootstrap samples of synthetic log-returns.

7. For each synthetic log-prices, the Hy(1) is estimated.

We run 100 bootstrap samples and estimate H(1) for them. Then the standard deviation S(Hp(1))

of these estimates taken as a proxy for the standard error of generalized Hurst exponents. At the end

8Observe that relation (2) leads to In K4(7) = ¢H(q)InT + C.

91n the spirit of Di Matteo et al. (2005), we let Tmaa vary between 5 to 19 days.

10Processes with a scaling behavior of (2) may be divided into two classes: (i) unifractal processes that H(q) is independent
of gi.e. H(q) = H or (ii) multifractal processes that H(q) is not constant and each moment scales with a different exponent.
Previous researches (Xu and Gencay, 2003; Cajueiro and Tabak, 2004, 2005; Di Matteo et al., 2005) show that financial
time series exhibit multifractal scaling behavior. Calvet and Fisher (2002) explore the implications of multifractality and

suggest new models for forecasting which are competitors to GARCH models.

11'We use the rule corrected in 20009.



of the process, the Wald statistic'? is given by W = (%)2 and it tests the null hypothesis of long

memory does not exist.

4 Data and Results

We consider daily prices of all stock markets in the European Union (current members) after the
introduction of Euro (covers a time period between 02/01/1999 and 25/02/2013). This condition gives

us 27 markets to consider which are listed in Table 1 in the A.

4.1 Dynamic approach and an efficiency ranking

We use a rolling sample approach, therefore we do not have to use a strict cut off date which is usually
subject to criticism. Even when an important event occurs such as a financial crisis, it may take a long
time for its full effect to take place. Similarly, possible structural breaks must be taken into account when
analyzing financial time series, since arbitrarily chosen sub-samples or non-overlapping intervals could
not capture this dynamic.'?

Recent studies using rolling window approach revealed that market efficiency evolves over time. In
order to see if this is the case, we choose a 4 year (1008 observations) time-window (that shift 22 points
at a time) since it corresponds to the duration of political cycles in most of the countries under our study
and it is large enough to provide satisfactory statistical significance.

We use an approach similar to those of Zunino et al. (2007); Lim (2007) and Lim et al. (2008): For
each window, we calculate H(1) and its standard errors to obtain the Wald statistic W. Then, we call
a window significant if the null hypothesis of efficiency is rejected (naturally, we call it insignificant if
efficiency is not rejected). The rolling window approach reveals how often the long memory hypothesis
is rejected by the selected test statistic, and hence the percentage of sub-samples with an insignificant
test statistic (which we call efficiency ratio) can be used to compare the relative efficiency of our 27 stock
markets (See Table 1 for a relative efficiency ranking).

For all stock markets, Figure 1 presents the time-varying H (1) with a black curve (The descriptive
statistics of the time-varying H (1) can be found in Table 2 in the A). Figure 1 also displays the dynamic
rejection status of efficiency by blue and red markers denoting the rejection of efficiency at 5% and 1%

significance levels respectively.

12The W has a x? distribution (Tabak and Cajueiro, 2006; Cajueiro and Tabak, 2008; Souza et al., 2008).

13There is an expanding literature tracking the evolution of market efficiency over time by means of a time-varying

parameter model or a rolling estimation window. For details, see the survey paper by Lim and Brooks (2011).
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First thing to notice in Figure 1 is that all stock markets have different degrees of time-varying
efficiency. According to Table 1, the group of most efficient markets include Denmark, Hungary, Italy
and Finland. For all these markets, the efficiency ratio is above 80% at both 0.05 and 0.01 significance
levels. These are followed by a second group of markets consisting of Belgium, Czech Republic, Germany
and Netherlands. For this group, the efficiency ratio is above 60% at both 0.05 and 0.01 significance
levels. A thing to notice is that for both groups, 3/4 of the markets are developed i.e. only Hungary
in group one and Czech Republic in group two can be considered as emerging markets. On the other
hand, the group of least efficient markets include Romania, Bulgaria, Malta, Estonia and Lithuania. At
both 0.05 and 0.01 significance levels, efficiency ratios are below 10% for these markets. The findings
give us evidence for developed markets being more efficient than emerging markets in the EU which is
in parallel with findings of Di Matteo et al. (2005) and Fifield et al. (2005). However, an exceptional
case exists: While being Europe’s two of the largest financial markets, France and UK have unexpected
performances in terms of efficiency with efficiency ratios below 30% at both 0.05 and 0.01 significance
levels. This situation supports the findings of Borges (2010) and contradicts with those of Smith (2012)
who states that UK is one of the most efficient markets in the Europe.

As mentioned before, time interval of our study includes the 2008 global financial crisis and the
Eurozone sovereign debt crisis. The time-varying H(1)s in Figure 1 tell us that stock market efficiency

reacts to the 2008 crisis basically in one of the following ways.
1. Efficiency is adversely affected but recovers in a very short time interval.
2. Efficiency is adversely affected then recovers, however this recovery time can take up to 3-24 months.
3. Efficiency is adversely affected and a recovery is not observed.

Stock markets of Germany, Italy, Netherlands, Spain, Austria, Denmark, Czech Republic, Hungary
and Poland belong to first group while stock markets of Belgium, Luxembourg, Ireland, Portugal, Greece
and Latvia belong to second one. The third group consists of Malta, Slovakia, Estonia, UK, Sweden,
Lithuania, Bulgaria and Romania (we could not strictly categorize the few remaining markets). Contents
of the groups reveal a direct relationship between market maturity and the recovery speed of a market
in terms of efficiency. One thing to notice is that Hungary, Poland, Czech Republic, UK and Sweden
do not use Euro which may suggest that not using Euro could be advantageous for emerging markets
and disadvantageous for developed markets in terms of efficiency during a financial crisis. On the other
hand Denmark, a developed market but does not belong to Eurozone, is one of the most efficient markets
among EU members (both during the 2008 crisis and all time period) hence we could not obtain strict

conclusions.
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During the sovereign debt crisis (that appeared around mid-2010), the stock market efficiency do
not seem to be effected as seriously as it did in the 2008 crisis. Indeed, the obvious adverse effects are
only seen in France, Spain and Greece. No serious effect is observed in the other problematic countries
Portugal, Ireland and Italy. Moreover, Italy is one of the most efficient stock markets during this time
period, and at the same time convergence to efficiency is observed in the markets of Ireland and Portugal.

Another important observation is the convergence of markets in Poland, Czech Republic, Latvia
towards efficiency after joining EU in 2004. While this behavior was permanent in Poland and Czech
Republic, it was temporary for Latvia. Such a convergence is not observed at all in other late members of
EU; Malta, Slovakia, Estonia, Lithuania, Romania and Bulgaria. Furthermore, stock market of Slovakia
diverges from efficiency after a short time from joining EU. These different outcomes show that joining
EU does not have the same qualitative effect on stock market efficiency.

With a similar approach we may hope to observe the effects of adopting Euro as a currency on
stock market efficiency: Slovenia, Cyprus, Malta, Slovakia and Estonia adopted Euro as their currency
between 2007-2011 however this time interval coincides with the two major crisis, thus the time series is
contaminated by these events.

An explanation for the different impact on European stock markets is that there may be differences
in market microstructure. In some countries institutional investors may play an important role and if
they trade on information stock markets could become more efficient. Furthermore, European global
investors may be targeting specific countries rather than all of them to construct a diversified global
portfolio. In some countries it can be easier to invest either due to the market size, or to local regulation.
These differences can help explain the changes in efficiency over time and whether specific countries will

converge towards more efficient markets.

4.2 Robustness check

The numerical stability of the estimation of H(1) was well studied previously by Di Matteo et al.
(2003, 2005) and Di Matteo (2007) by comparing theoretical Hurst exponents with the results of Monte
Carlo simulations using different random number generators. In this part, we test the robustness of
our standard errors using the Jackknife method (Kunsch, 1989) following the steps of Di Matteo et al.
(2005). For each stock market, considering the whole time period, we take out randomly 10% of the
sample, calculate H (1) and iterate this procedure 10 times where each time we take out the data which
were not taken out previously. We observe that the mean value of H(1)s obtained from the Jackknife
sample is very close to the original H(1) estimate. Also 75% of the time, max and min values of H(1)

obtained from Jackknifed samples stay in the interval defined by H(1)+standard errors. Furthermore,
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when we redo this Jackknife procedure by taking out 5% of the sample at a time, this ratio goes up to
85% (See Figure 2 for the detailed results).!* These ratios are considered to be successful if we take into
account that we have two major crisis in the sample period.

On the other hand, in studies with a rolling window, window length can be a controversial subject.
In order to see if our efficiency ranking is robust, we repeat our study with a 2 year (504 observations)
time-window that shift 22 points at a time. The new ranking is given in Table 3 in the A and it is

consistent with our previous ranking.'®

4.3 A time-varying efficiency index

While approaches as in Figure 1 are very handy in analyzing the qualitative changes in time-varying
stock market efficiency, a quantitative measure could be useful for further research. In that manner, we
introduce an efficiency index. First idea was to construct an index that at any given time ¢, it would
display the ratio of insignificant windows up to time t to total windows up to time ¢. However such
construction gives equal weight to each window and eventually makes it difficult to observe the late
impacts when the time interval gets larger.

Thus, we construct a modified model as follows: For a stock market, suppose we have a total number
of N windows and ¢ is a time variable taking values from the set {1,2,..., N}. Let E; be a 1 x ¢ vector,
where the i*" column of Ej is 1 if efficiency is not rejected in the i*" window, and 0 otherwise. As easily
understood, size of E; increases by one column at each time step. Now, let P, be a 1 x t vector such
that for any given ¢, the k' column of P is 1/\/m where k € {1,2,..,t}. Then the time-varying

efficiency index is constructed as the following,

Ey - P,
efficiency index(t) = ——" (3)
I - Py
where I; is the 1 x ¢ identity vector and “” is the vector inner product.

To put it in a more conventional way, at any given time ¢, efficiency index(t) measures a weighted
ratio of insignificant windows over total windows up to time ¢ where the largest weight is given to the
latest efficiency status, and the past weights decay as a power law. Hence, the past is never forgotten.

However, the latest status mostly characterizes the index value. By construction, efficiency index can

MThe H(1) estimates in Figure 2 together with the median values in Table 2 reveal that while emerging markets are

persistent, developed markets are mean-reverting in the union.

15The ranking is still consistent even with a 1 year length rolling window. For space saving purposes, data is not presented

here however, all of it can be obtained upon request.
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Figure 2: H(1) and +standard errors together with Jackknife fluctuation band (see upper sub-figure for the
Jackknife with a 10% out of sample procedure and lower sub-figure for the 5% out of sample procedure) and the

efficiency line H(1)

Note: For the 10% out of sample Jackknife procedure, Jackknife fluctuation band stays within the H (1)+standard
errors 75% of the time. For the 5% out of sample case, Jackknife fluctuation band stays within the H(1)+standard
errors 85% of the time. Figure 2 also reveals that while emerging markets are persistent, developed markets are

mean-reverting.

= 0.5.
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take values between 0% and 100% where the previous and the latter correspond to complete inefficiency
and complete efficiency respectively.

For each stock market, efficiency indexes are given in Figure 3. As of February 2013, the highest five
efficiency index values are as follows;'® Hungary: 92.5%, Italy: 86.8%, Finland: 83.0% and Denmark:
81.4%. The rest is below 80%.'” The conclusions we obtained in the previous section can be observed in

Figure 3 easily.

5 Conclusion

As much as being a vital concept, market efficiency has been a controversial subject for a lot of
academicians and practitioners. Moreover, it is not easy to validate it qualitatively nor to measure it
quantitatively. Bearing this fact in mind, this paper investigates the long memory in stock markets in the
EU after the introduction of Euro by using generalized Hurst exponent with a rolling window approach.
The major findings of the study are summarized as follows. First, all stock markets have different degrees
of time-varying long memory. Our dynamic approach reveals that the most efficient stock markets belong
to Denmark, Hungary, Italy and Finland while the least efficient ones are in Lithuania, Estonia, Malta
and Bulgaria. The empirical evidence shows that market efficiency is positively related with the market
maturity, however an exceptional case exists for the stock markets of the UK and France which are found
to be relatively inefficient compared to mid-sized markets of EU.

The literature on random walk behavior has found evidence that long-term autocorrelations are neg-
ative. Therefore, stock market returns are mean reverting in the long run. This implies that Hurst
exponents should be below the 0.5 threshold. However, in several countries we observe Hurst exponents
consistently above 0.5 which implies market aversion and persistent behavior. This suggests, that in
some stock markets there seems to be prolonged periods with prices deviating from fundamentals. This
phenomena can be due to some sort of irrational behavior or due to market microstructure issues. Further
research could exploit these issues in depth to gain a better understanding of the deviations from market
efficiency.

The studied time line includes two major crisis namely; the 2008 global financial crisis and the
Eurozone sovereign debt crisis. Our dynamic approach reveals that while the 2008 crisis has an adverse

effect on all stock markets of EU in terms of efficiency, the effect of sovereign debt crisis is limited to

16Where significance level is taken to be 0.05 for the rejection of efficiency in a window. See the blue curves in Figure 3.

L7If the significance level is taken to be 0.01 in the same case, the highest efficiency index values as of February 2013
are Hungary: 99.4%, Italy: 97.0%, Finland: 92.2%, Denmark: 91.4%, Czech Republic: 90.7%, Germany: 89.1% and

Netherlands: 89.0%. The rest is below 80%. See the red curves in Figure 3.
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France, Spain and Greece. Moreover, in general, market maturity is inversely related to the recovery time
(in terms of efficiency) from the crisis. We could not obtain a strict conclusion on the effects of the usage
of Euro on stock market efficiency. Similarly, we have mixed results on the effects of joining EU: while
stock markets of Czech Republic and Poland converge to efficiency in a short time with a permanent
characteristic, this effect has been temporary or not observed in other late members of EU.

After checking the robustness of our results, we finally introduce a time-varying stock market efficiency
index that uses aggregate data and able to capture the dynamics of efficiency at any given time. We
believe the index can provide guidance for policymakers, investors and portfolio managers.

Further research could explore the difference in stock market microstructure within these countries.
These differences may explain how these markets react to external shocks and how they are absorbed
by domestic prices. Taking into account liquidity, market depth, the role of institutional investors may
provide additional useful information on the dynamics of stock markets and it seems an important step

to be taken in the research agenda.
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