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INTRODUCTION

Financial market represents one of the most fasnmanechanisms of a functional market

economy. This is a constantly moving and changiragket, freely regulated by the level of

supply and demand. As part of the financial mar&apital market reflects, perhaps, in the best
way the relation between supply and demand, progidi continuously updated framework with

all available information. In the context of capitaarkets, of main interest is how the new
information is integrated in the asset prices.

Statistics and quantitative analysis techniques ecam support the capital market investors,
allowing them to understand, compare or predictnphegena in the market. H.G. Wells
prediction that "Statistical thinking will one ddye as necessary for efficient citizens as the
ability to read and write” has arrived to be trlibe purpose of performing statistical analysis on
financial data is to identify and develop modelattbapture the market behavior. In general
terms, a model is a simplified description of teality, while in economics, a model describes
the prices or the returns empirical behavior, dpmdly, it explain a process through a set of
variables and the quantitative and qualitative ti@hships between them. In this thesis, the
empirical approach seeks to identify the main stigal characteristics of financial data, using an
appropriate and highly recommended, in the recemature, research methodology.

Capital markets theory is governed by the efficierdrket hypothesis, introduced by Fama
(1970), and it describes a market in which pricg$y freflect all available information. As
simple as it seems, Fama'’s definition is abstradt@mprehensive because it assumes a perfect
market, governed by a rational behavior of the stwes. In an efficient market, one can not
make predictions based on historical prices or eaghisustained profits. Capital markets
literature is divided among studies that suppaetdfficient market theory while other empirical
studies show proofs of the inefficiency of seveagbital markets.

In the context of this research, the analysis ofketaefficiency has a double relevance. On one
side, it can reveal a mechanism that incorporatenddiately all available information in the

price generating process, such that the best pi@dicased on historical prices is today’s price.
On the other side, it can offer informations regagdhe market inefficiency, which can be used
to exploit technical analysis strategies in orderearn profits. The two concepts, of market
efficiency and profitability based on technical lsa strategies are in contradiction, the reason
for which the first step in the empirical investiga is to assess the degree of market efficiency.

The first objective in understanding the phenomitrad take place on the capital markets is to
identify the statistical properties that charaateithe asset returns. Because asset/market indices
returns can be used as indicators of the perforeyare mainly investigated the properties of the
returns and not of the prices. The main propedfebe returns are highlighted in Engle (2004),
among which of highly interest in this research #re ones regarding the distribution of the
returns, risk and predictability.

The second objective is to understand the procelaéslescribe the price/ returns evolution. In
this regard, we are going to focus on two dirediothe analysis of market efficiency,
respectively the study of technical analysis padiiity, for the Romanian market. The two
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approaches are in contradiction, the reason fochviai preliminary step of the analysis is to
investigate the market efficiency (Romanian capitarket). The efficiency is regarded in the
relative form, which allows us to place the Romaniaarket relatively to other European stock
markets.

Technical analysis, used to predict future pricaseld on the historical values, becomes useless
in an efficient market, because the price changesralependent, and in a restrictive manner,
identically distributed. Over the time, the perf@amse of technical analysis has been frequently
guestioned, although there are consistent empirstadlies that support the efficiency of
technical analysis strategies on important markééshnical analysis theory is based on the
assumption of predictability, respectively the stud historical behavior leads to patterns that
are expected to be observed in the future prices.

The requirements of an efficient market are diffido be realized in the financial practice
because they impose a perfect competition, a fraamlewm which prices incorporate fully and
immediately all available information and allow gkrticipants equal and fair access to
information. Due to this facts, were introducedealttive theories of the efficient market
hypothesis, that focus on the investor’s behaviak the factors that determine the price changes.
Giving up the restrictive form of the absolute @fncy and considering the efficiency in the
relative form (Campbell et al., 1997) representsnagportant step in the efficient market theory.
The updated theory regards the efficiency as amigyaomponent, meaning that it allows the
markets to have periods with different degreedfadiency.

Regarding the statistical methodology, it is difficto invalidate the efficient market hypothesis
as long as there is no widely recognized methodologthis purpose. Mainly, are applied
statistical tests that focus on the particular ®raf the deviations from efficiency. So, the
approach of the relative efficiency allows us teritify those potential factors that lead to a
change in the efficiency level over time.

The aim of the empirical analysis performed in ttisdy is not to classify the Romanian stock
market as efficient or not, but to identify the degyof efficiency in time and relatively to other
stock markets. This objective is achieved under aengeneral framework, by placing the
Romanian capital market in report to the degreefttiency of 20 European markets, both
developed and emerging markets; based on threeatods of efficiency are constructed capital
market rankings of the efficiency.

In a capital market that exhibits deviations frofficeency, it becomes important to investigate
to what extent the causes of deviations are patlestiurces of profitability. Usually, these
sources can be exploited through means of techargallysis strategies which are based on the
concept of statistical smoothing and thereforeedetg local trends in price series. One of the
most used strategies is the moving average, a&gyrdhat offers trading signals when a short
term moving average intersects a long term movusgage.

The particularities that ensure the originality tbfs study consist mainly in the use of an
appropriate research methodology in terms of sizdisproperties of the data. Regarding the
distribution of the returns, we focused mainly drwe tfamily of the generalized hyperbolic

distributions, that has similar properties to fici@h returns. The fatter tails (due to the high
frequency of the extreme values) suggest the ussatiktical tests and measures, in order to
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detect the dependency structure, that takes irtoust this behavior. Regarding the previous,
we have used statistical methods and efficiencicatdrs (such as the Automatic portmanteau
test, Hurst exponent, fractal dimension) that fedte# the detection of the main types of

dependencies that might occur in the returns, mmeastinat are robust to the heroscedastic
behavior of the returns. These measures are appliedthe whole period of time and/or on

rolling windows.

In the context of technical analysis we point dwe hecessity of using a research methodology
that accounts for data-snooping, useful when orstilee data set are applied several strategies
in order to identify that strategy that returns thighest profitability. Using an improper
methodology could lead to misleading results. Fai@98) points out that many of the
anomalies are due to the applied methodology amy tthisappear once an appropriate
methodology is used.

In this research, the empirical analyzes of theabien of stock returns are performed on a
portfolio of assets traded at Bucharest Stock Exgbawhich brings additional results to the
existing literature, that generally focuses on reaikdices. The Romanian capital market, BSE
is a young market, operating since 1997 and evglinna transition economy. Therefore, the
historical prices are not long enough to allow loexgn pattern analysis.

The paper is structured in four chapters, precdmedhtroduction and is concluded with final
remarks and perspectives of future research.

First chapter includes an overview of the concepts conveyedhia paper, respectively an
analysis of the stochastic processes used to Hedtre evolution of the financial assets. In this
chapter is introduced the notion of efficient mar&ad the main forms of efficiency, together
with a literature review of the studies that cdmites to the theoretical development of the
notion or highlights empirical evidence in the @ieClassical theoretical models used to describe
the price evolution of stock market prices undex Hypothesis of efficiency are the ones of
random walk, respectively the martingale model.oAlsince the stock returns have certain
specific characteristics, are introduced the madatisdical properties of the returns and the
dynamic models identified in the related literature

Market efficiency represents one of the most cotrsial subjects in the financial literature
because it implies requirements that are diffitmkissess in the practical framework, specifically
it requires a rational behavior of the investord anperfect and total transparency on any new
information. Thus, over time were introduced al&ive theories of efficiency, such as adaptive
markets hypothesis or fractal markets. The adaptiarkets theory is an approach of the capital
markets from an evolutionary perspective, whichuf®ms on the financial behavior of the
investors and their reactions to market changesh®mther side, the central point of the fractal
markets theory is the market liquidity and the ictpaf the investment horizon on the investors
behavior.

The second chapter is dedicated to the study of the main statisficaperties of stock returns in

terms of statistical distribution; they usually sha leptokurtic distribution and fatter tails than
the normal distribution. The financial literatureemtions several distributions that model
adequately the returns distribution, but does redtighate a specific distribution as the most
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suitable. In this section are highlighted the mstundies that develop the research on the topic,
but also the studies that introduce and support utidy of the generalized hyperbolic
distribution. The analyzed sub-classes of the ggized hyperbolic distribution are: Normal
Inverse Gauss, asymmetric t-Student, Variance- Garhgperbolic and generalized hyperbolic.

In the empirical study of this chapter are estirddtee parameters of all five distributions using
the maximum likelihood estimation method and areduthe goodness-of-fit measures and
specific graphics to compare and select the digioh that offers a well approximation of the
returns. Special attention is given to modelingl#fetail of the distribution, where is found the
value-at-risk. It is of main importance to identidy distribution that describes accurately the
behavior of stock returns when estimating the VauRisk, an essential tool in risk
management. Value-at-risk is estimated by meansmmetric methods, based on the specific
distribution of the returns, and nonparametric rodth The analyzed period is divided into a
period of analysis and a test one, and the valuesstimated based on the rolling windows
approach. Such an approach allows a statisticapadson of the estimated values to the ones
recorded on the real market. The performance olilR estimation methods, and therefore of
the statistical distribution, is verified throughadktesting tests; we have tested here the
hypothesis that the number of cases in which tlss kExceeds the estimated risk is the one
expected according to selected probability level.

In chapter three are introduced the main statistical methodologs=d to analyze the degree of
informational efficiency. Are emphasized here thedjctability tests that focus both on short
and long-term memory in returns. This chapter gtesian empirical research on the efficiency
of the Romanian stock market in the context of 20oBean stock markets. The issue of
efficiency is addressed through means of the degaftom the hypothesis of efficiency and are
created rankings, of the investigated markets, dasethese departures. Thus, by investigating
the efficiency in the relative approach, the restre barrier of “all or nothing”, imposed by the
hypothesis of efficiency, is overrun.

Are applied here, as measures of efficiency, thesHaxponent, fractal dimension and the
efficiency index that takes into account both thersterm dependencies and the long-term ones.
Based on these three measures of efficiency asedeankings of the stock markets for the
whole investigated period of 15 years but alsctfioee sub-periods delimited by the changes in
the economical environment. The empirical resuésg the Romanian market among the stock
markets with the highest deviation from the cona#phformational efficiency in the weak form
and identifies different degrees of efficiency be tnvestigated periods.

Chapter four reviews the main studies in the literature of tecal analysis and are introduced

here the most used trading strategies. Technicalysis encompasses a large variety of
strategies, but the empirical studies conducted thestime have concluded the profitability and
the investor’s preference to certain strategiesh s the moving average strategy.

The main studies that address the issue of tedremedysis performance are characterized based
on the methodological approach. One of the maunes$n the empirical literature consists in the
lack of statistical testing of the profitability ¢iie investigated strategy. In order to preverg thi
methodological drawback, are recommended the detaping tests, specifically, in the
empirical study performed in this chapter is udeel iHansen Superior Predictive Ability Test
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(2005). It is tested here the null hypothesis thatbest model in terms of the profitability, from
the entire universe of models, has no superiorigtiied ability compared to the reference
strategy.

The empirical study of this chapter concludes tmpieical research of the previous chapter, by
investigating technical’'s analysis profitabilityamely the profitability of the moving average
strategies on the Romanian stock market. It isyzedl the impact of the dependency pattern on
the return excess of the most profitable strateggr athe buy-and-hold strategy, in the
informational efficiency framework.
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SUMMARY OF CHAPTER |

Theoretical aspects regarding the evolution and statistical properties of financial assets

In the first chapter is developed the theoreticafework that underlies the stock market theory
and the processes that describe the stock prideterg in contrast with the main alternative
theories. The foundations of the modern theory wageeloped around the assumption of
efficient market, introduced and defined by Fam@6@, 1970) as “a market in which prices
always fully reflect all available information”. €hassumption that prices incorporate all
available information, at any time, determine randarice changes in time, influenced only by
the new available information, which is unpredit¢éadnformational efficiency hypothesis
implies a perfect market, which provides completétgnsparency and equal access to
information, and is governed by a rational behawiothe investors. One can notice the abstract
character of the definition, which raises serioufficdlties in constructing the testing
methodology.

Under the assumption of efficiency, the evolutidrnthee stock market prices follow a random
walk model, applied to the logarithm of the prige,= u + p,_1 + &, wherep, is the price
logarithm, InY, = p,, u is the expected price change aiig)~IID(0,6%) denotes independent
and identically distributed increments with mearozand finite variance2. In Campbell et al.
(1997) terminology, this stochastic process dessrdrandom walk 1model, RW1, which is the
most restrictive form due to the IID assumptiortieé increments. Under the RW1 framework,
any series resulted by applying a linear or noalindunction on returns is uncorrelated.
Nevertheless, in financial practice, there areimant positive correlations in the returns series
resulted when applying nonlinear transformationsghsas absolute value or squared returns,
which makes the RW1 assumption unlikely to holthim empirical evidence.

Random walk Il (RW2) is a less restrictive modempared to RW1, which preserves the
assumption of independent price changes but wawesdndition that they follow the same
distribution (identically distributedy, = u + p,_1 + &, Whereeg; is a sequence of independent
random variables. The hypothesis of random walk(RW3) is the least restrictive type of
random walk processes, which allows price changdsetdependent but linearly uncorrelated
Cov(es, &r4) = 0, Vk #= 0. This form allows heteroscedasticity in returndyich is tested in
most empirical studies.

The martingale model is formulated in terms of dbadal expectatiorE (p;41|ps, Pr—1, ) =

ps, hamely, the expected value of the price in the period, conditioned by its past values, is
the current price. In terms of predictability, thest prediction of tomorrow’s price is today’s
price. The martingale hypothesis applied to priegquivalent to the type Il random walk
hypothesis (Escanciano & Lobato, 2009). Thus, aloan walk model with the error term

consisting of a succession of independent variafgsich are not necessarily identically
distributed) is equivalent to a martingale process.

The hypothesis of informational efficiency was arfghe most investigated assumptions in the
economic field, as Jensen (1978) sdiliélieve there is no other proposition in econamwidich
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has more solid empirical evidence supporting intktze Efficient Market Hypothesisin the
efficiency framework, the stock markets are chaw@oed either as efficient or inefficient, a
characteristic that holds in time.

The existing statistical methodology investigates what extent, under the hypothesis of
efficiency, prices reflect all available informatidut they do not address the behavior and the
preferences of the investors. The following stepdhie evolution of efficient market theory
capture its evolutionary character, materializedhi@ adaptive markets hypothesis (Lo, 2005).
According to the new theory, the investors act dasetheir own interest, make mistakes, learn
and adapt, competition leads to innovation and tadiap, natural selection shapes the market
ecology and the evolution determine the market dyosin time (Lo, 2005). In order to remain
on the market, investors have to adapt and becoore sompetitive, otherwise they will be
eliminated. The evolutionary process of the maikeeflected in its effectiveness, which varies
over time. The expected returns, respectively theep are affected by the changes that take
place in the market ecology, such that, occasipniadhy occur profit opportunities.

Fractal markets hypothesis focuses on market lituahd the impact of the investment period
on the balance of the market. Unlike in the effitienarket theory, where the emphasis is on
market efficiency, in the fractal market theorye temphasis is on market stability. In such a
market, investors assume the same level of risklitg to similarities in the distribution of the
returns, regardless the investment allocated tianed:

Most of the empirical studies regarding the stockmat investigate the behavior of the returns
series because it presents more attractive prepelioth from a practical or statistical approach.

In this thesis, the returns are computed in logam¢ form,R; = In (Yi) = AlnY;, whereY; is
t—1

the asset price arR} is the return, at moment

Regarding the statistical behavior, the empiricakrdture outlines a set of common
characteristics, which were synthesized, amongstire Cont (2001):

- generally, there are no significant linear cortiela in the asset returnghis
property is related to the hypothesis of informadiloefficiency and imposes the
use of a statistical methodology that accountsémlinear dependencies;

- unconditional distribution of the returns has highails than the normal
distribution. In particular, the normal law or astable law with infinite variance
is not suitable to approximate the distributioras$et returns;

- usually, the unconditional distribution of retuissnegatively skewed, suggesting
a higher probability of extreme negative returrentpositive ones;

- the distribution of returns looks gets closer te tformal distribution as the time
scale increases;

- volatility clustering: the volatility measures ohet returns display positive
autocorrelations, which tend to cluster in time,amag that extreme negative
(positive) returns tend to be followed by negatipesitive) returns;

- volume is correlated with all measures of volatilit

- leverage effect: most measures of volatility argatieely correlated with the
asset returns. After a price decrease, volat#itds to increase stronger than after
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the same sized price increase, which indicatesfarelt reaction of investors to
the bad or good new arrived information;

In this thesis we focus primarily on the first tarproperties, which regards the informational
efficiency hypothesis, respectively the distribatf the asset returns.

Regarding the time series typology, are identified following processes used to model the
generating process of financial data:

- stationary processes (integrated procested), described by an autocorrelation function
that decreases exponentially, corresponding tane series with short-memory. The
observations that are far apart in time, are inddget;

- first order integrated processed={), when the autocorrelation function decreases
linearly and the observations that are far apatihie are not independent;

- fractionally integrated processes (Baillie, 199@)aracterized by nonzero correlations
between observations that are far apart in timeneta the autocorrelation function
decreases slowly towards zetbe (0, 0.5) describes a stationary process that exhibits a
persistent long term behavior, while fore (—0.5,0) it is described a stationary process
with an anti-persistent behavior. Whéere (0.5, 1), the process is non-stationary with a
persistent long-term behavior.

Most of the stock market time series show smalkdépncies between observations that are far
apart in time, which suggest persistence of théyaad phenomenon, namely long memory. The
statistical methodology used to model such a behdocuses on two aspects: first, developing
models for fractionally integrated processes ambi@ly, developing estimation methods of the
Hurst coefficient (Hurst, 1951), which is relateal the order of fractionally integratiom,
through H = d + 0.5. In self-similar processes, long memory is a reitec of the local
smoothness of the series, quantified by the fradi@ension, described through the relation
D+H=2.

Considering the type of the dependencies that mggiuur in the asset returns, the main
econometric models developed are the ARMA models fationary processes), ARFIMA (for
fractionally integrated processes) or SETAR (usedapture the nonlinear dependencies).When
referring to model the variance, used as proxiasviatility and risk, are recommended
GARCH type models. Depending on the different ctiarstics of the financial series, in the
literature are suggested particular models derifreth the GARCH framework, such as
IGARCH, TGARCH, GJR-GARCH or EGARCH.
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SUMMARY OF CHAPTER 11

Distribution of the financial returns: theoretical considerations and empirical

results

From a stock market to another are observed spdeiitures in the distribution of the returns,
but essentially, is outlined a set of common diatk properties. Mainly for daily or weekly
data, returns exhibit fatter tails compared torthemal distribution due to the higher frequency
of the extreme values, and a slight asymmetryedefi.

Over time there have been proposed several thealelistributions as possible alternatives to
modeling the distribution of stock returns. Usuallige probability laws that describe power
functions are good approximations of the distrimitiof the returns, but the adequacy level
depends on the investigated market (Haas & Pigpratil). The family of generalized
hyperbolic distributions is mention in the recdtgrhture as a good candidate for modeling the
distribution of financial returns,

The generalized hyperbolic distribution is a migtuistribution, of the type normal variance-
mean mixture, resulted from the generalized invegseissian GIG (Barndorff- Nielsen &
Blaesild, 1981):

X=u+pzZ+Vzy

with Y being normally distributed N(0,1)Z~GIG(A,6,y), y =+ a?—B? and Y and Z are
independent variables. The conditional distributadnX, conditioned by Z, is normal. Such a
distribution is adequate when the data sample ishomogeneous, but there are several sub-
samples in which the variable follows a normalrifisition.

The probability density function of the univariageneralized hyperbolic distribution, in Prause’s
(1999) parameterization is defined as:

1
A3

fGHD(x; a, )8' 6!.“) A) = a(ﬂv Q, ,8, 6)(62 + (X - M)Z)TK(A' a, ,8, 6!.“):

where,K (4, a,8,6,1) = K, 1(0,/6% + (x — u)?exp (B(x — p)) is the modified Bessel function
2
(az—ﬁz)%

\/ﬁa(l_%)s'll(,l(&/az—ﬁz)
the following domainsié > 0,|8| < a for A> 0,8 >0,|f| <aforA=0 andé§ > 0,|B]| <
afor A <O.

and a(1,a,8,6) = is the norming factor. The parameters are defored

Figure 1 show the effect of each parameter on bapes of the distribution, when the other
parameters are hold constant.
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Figure 1. Generalized hyperbolic distribution- the effect of the parameters
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In the empirical study conducted in this chapteamalyzed the fit of five sub-classes of the
generalized hyperbolic distribution on five asdessled at Bucharest Stock Exchange, together
with the market index, BET. Namely, are investigatbere the generalized hyperbolic
distribution, the Normal Inverse Gaussian, the hypkc distribution, Variance- Gamma and
asymmetric t-Student. The investigated assetsharénvestment Funds, analyzed between 2007
and 2012. Figure 2 presents a comparison betwesetit thf the analyzed laws and the empirical
distribution and the Q-Q plot for the Normal Inwer&aussian distribution and generalized
hyperbolic, for the market index, BET.

Figure 2. Thedistribution of BET returns. Q-Q plot for Normal I nverse Gaussian and
generalized hyperbolic distributions

——  Asymm NIG o

10

—— Asymm ghyp

-10

10
Source: own processing

The selection criterias of the most adequate Oigiion of the asset returns were considered the
goodness-of-fit measures and the ability to esenthé Value-at-Risk (VaR). In the financial
practice, it is of main importance the ability bktdistribution to model the left tail, where are
the extreme negative values.

Value-at-Risk quantifies the potential risk of la¥san asset or portfolio over a considered time
horizon and a fixed probability. When the distribatlaw is known, for a fixed probability,
VaR is defined by the quantile valuEX,(VaRp) = p, whereFy is the corresponding distribution
function of the returns.

VaR estimation accuracy is tested, in the empistadly, through the use of a backtest. Data is
divided into an analyze period and a testing oasetl on the rolling windows approach. Since
there is no consensus in the literature regarduegléngth of the windows, we have used 750
observations in each window, equivalent to threaryef daily trading data. Based on each
window returns is estimated the Value-at-Risk fog following day. The estimated values are
the ones from the testing period, and they are emetpstatistically with the real looses that
occur on the market, based on Kupiec’s test (Kydiees).

11
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Kupiec’s test null hypothesis states that the peege of the cases in which the actual loss is
greater than the estimated VaR is equal to thd x@ected by selecting a certain probability,
Hy:p = p, where,p = x/n andx is the number of cases in which the loss is greatn the
estimated VaRn is the number of observations and p is the peagentorresponding to the
selected probability. The test statistic is comged as a likelihood ratio,

LR = —2In (”x(l"’)n_x
C

W) Under the null hypothesis, the test statisticofol LR~)((21).

Figure 3 shows the estimated VaR values for the Bif€&x through normal method, historical
and Cornish-Fisher, but also through parametrichods in which it is considered that the
returns follow specific distributions, other thametnormal; in this case were considered the
generalized hyperbolic distribution, Normal Inv&aussian and asymmetric t-Student.

Figur3 3. Value-at-Risk for BET
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The empirical study developed for the Romaniankstoarket provides additional results to the
existing literature, as follows: a) are consideddstribution laws that have not been studied
before, such as Normal Inverse Gaussian distributidariance- Gamma, hyperbolic or

asymmetric t-Student, b) is analyzed the abilitythef mentioned distributions to fit adequately
the left tail, by estimating the Value-at-Risk ahdcktesting the results, c) the analysis is
performed on individual assets traded on the Roamastiock market.

Regarding the adequacy of the investigated proipakalws in modeling the distribution of the
returns, over the whole domain, we synthesizedaheviing remarks:

- KS test leads to rejecting the null hypothesis that returns follow any of the normal
distribution or Variance- Gamma;

- KS test and the plots of the distributions suggdsit the generalized hyperbolic
distribution, Normal Inverse Gaussian and asymmdtStudent are proper fits of the
empirical law of returns. KS test does not rejéet hull hypothesis at a 1% significance
level. KS test provides close values for all pregly mentioned distributions and the
plots of the theoretical distributions are closethie empirical one;

- in terms of most criteria, the generalized hypadodistribution seems slightly more
adequate in modeling the distribution of the return

Regarding the Value-at-Risk estimation, namely dbdity of the five classes of theoretical
distributions to model the left tail of the empaiceturns, we synthesize the following results:

- VaR estimated at 5% level of probability ( 9% sfg@nce level) through the normal,
historical or Cornish- Fisher methods returns sasmifalues;

- there are significant differences between VaR edBoh at 1%, when are compared the
values estimated through the normal, historical &wtnish- Fisher methods. The
smallest losses are returned under the assumgdtimormal distribution while the highest
are returned by the Cornish- Fisher method,;

- under the assumption that the returns follow theegaized hyperbolic distribution,
Normal Inverse Gaussian or t-Student, are estingteifar values for the VaR quantile.

Kupiec test rejects the null hypothesis that thecgretage of cases in which the actual loss is
greater than the estimated VaR is equal to theeptage expected, when VaR is estimated at
5%. When VaR is estimated at 1%, Kupiec test dagsreject the null hypothesis. In all the
observed situations, but mainly for VaR at 5%, he test period were fewer cases where the
returns were lower than the estimated VaR, comptrdtie expected number. The test period
(August 2010 to December 2012) was characterized bgrtain level of stability on the stock
market, that returns less frequent negative extrgalaes, compared to the analysis period
(2007- August 2010). Therefore, the VaR estimatiwethods are sensitive to the investigated
period of time.
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SUMMARY OF CHAPTER 111

Investigation of the weak form efficiency: the case of the European stock

mar ket

Even Fama (1970) admits that the efficiency in dbsolute form remains an ideal difficult to
achieve in the stock markets and that empiricadistucan only establish how close a market is
to this ideal. Based on the empirical evidence thgiport the hypothesis of informational
efficiency, a step forward in developing the theafythe efficient markets is the relative
efficiency approach.

The main contribution of this chapter is the engaikianalysis of the degree of the relative
efficiency of 20 European stock markets, both,emmis of the evolution in time and by using
several measures to quantify the deviations from ahsumption of efficiency. Some of the
measures used to quantify the degree of efficievenge computed over the whole period of time
but also on rolling windows, to ensure a betteustbess of the estimated values.

Among the considered measures is used a generafiradure of efficiency that was recently
proposed in the literature and it accounts for blathg and short-term dependencies. The
rankings of the considered stock markets were nbaded on three measures, namely the Hurst
exponent, fractal dimension and the generalizedsoreaHurst exponent accounts for the long-
term memory in returns, fractal dimension is anidatbr of the local memory and the
generalized measure includes, besides the twoquewndicators, the first order autocorrelation
coefficient (accounts for the short-term memory).

In the empirical study is investigated the predidity of the stock returns based on the
deviations from the random walk model, generatedshgrt-term dependencies, linear or
nonlinear or long-term dependency. Are includecthests that were developed under the theory
of fractal markets because, after Peters (1994ddaoted this theory, it was outlined a new
approach of the deviations from efficiency. Mairbyng memory can be described, based on the
self-similarity property through fractal dimensiowhich is a local characteristic of the time
series. In time, multifractality became an appraigriscientific framework for the study of
efficiency.

Beran et al. (2013) classifies the tests desigmedhvestigate the long memory into three
categories: heuristic, parametric and nonparametigts. Among heuristic methods are
mentioned: R/S analysis introduced in Hurst (19KBSS statistic ( Kwiatkowski et al., 1992),
V/S analysis ( Giraitis et al., 2003), DFA analy§iBeng et al., 1994) or parameter estimate-on
methods ford based on temporal aggregation ( Beran et al., )198% parametric estimation
methods is mentioned the Whittle estimator (Fox &qdu, 1986). The category of semi-
parametric methods can be divided into estimati@thods from the spectral analysis domain,
like GPH estimator (Geweke & Porter- Hudak, 1988)ittle estimator (Kunsch, 1987) and
estimation methods of the wavelet analysis ( Abry&itch, 1998, 1999). To estimate the Hurst
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exponent, in this chapter, it has been used thmalex$ range method, R/S. The R/S statistic is
computed as a difference between the maximum aadninimum deviation from the mean,
divided by the standard deviation, and it can b&cdieed through a power function of the form
(R/S), = cth.

In the context of the stock markets, fractal dimemgjuantifies the degree of the smoothness in
the time series, being a measure of the local mgnmwhich is reflected, based on the self-
similarity property, in the global one. The estimmatmethodology used in this chapter focuses
on Hall- Wood (1993) and Genton (1998) estimatbial- Wood method involves dividing the
time series into smaller series, similar to a zownprocess, in order to notice if there is a patter
log7(2)-log7(;)

in the chart series. Genton method uses the estinigt= 2 — tor2 ,based on the

squared average of the return differences thateparated bﬁ( moments of time.

From a methodological point of view, to identifyinigthe analyzed European stock markets
show deviations from the weak form efficiency, aiged, as efficiency measures, the Hurst
exponent, fractal dimension and the generalizedsoreaof efficiency introduced in Kristoufek
& Vosvrda (2013). Long-term dependencies are eséichbased on Hurst exponent, computed
over the whole period of time and on rolling window he rolling windows approach assumes,
at each step, the use of overlapping windows ot#mee length. In this case were used windows
of 300 observations and the Hurst exponent wasnattd on every window. Because this
approach returns several values of the estimateasumne, it is considered in the analysis the
median value of the estimated Hurst exponents.liFjirtae long-term measure used to rank the
stock markets is the average between the Hurstnexpeestimated on the whole period of time
and the median value of the information set estohan rolling windows. Fractal dimension is
computed as the average of the two estimators;\Watdd and Genton.

The generalized measure is based on long-term depeies, short-term dependencies and
measures of fractality. In computing the generdlizeeasure are considered the following
merasures: the average of Hurst exponent estintatéde whole period of time and on rolling

windows, the average of fractal dimension estimatedugh the methods of Hall-Wood and

Genton and the first order correlation coefficient.

The generalized measure is described by:

n o~
M; — M?
El] = Z(;)z,
: R;
i=1

where, M; is an estimate of thd' measure of efficiencyl; is the expected value of thi8 i
measure under the assumption of efficiency Rnid the range of each measure. The generalized

measure takes values between O é(}lﬂwheren is the number of the included measures. Under

efficiency,El = 0 andE] = % corresponds to the highest degree of inefficiency.
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In computing the rankings were considered the aisaleviations of each measure from the
efficiency value (0.5 for Hurst exponent and 1.5 foactal dimension). The analysis is
performed on a set of market indices corresponttng0 European stock markets, both from
developed or emerging markets. We have consideely data between January 1999-
December 2013. The whole period was divided intedtsub-periods, as follows: pre-financial
crisis period (1999- 2006), financial crisis perig@D07-2008) and the years 2009-2013, when
the market was under a slight stability but stiteeted by the financial crisis effects. Figure 4
shows the rankings of the investigated Europeatkstarket indices based on three measures of
efficiency, for the whole period of 1999- 2013.

Figura 4. Clasamentul indicilor conform exponentului Hurst, Dimensiunea Fractali si
Misura Generalizata a eficientei pentru perioada 1999- 2013
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For the whole covered period, 1999- 2013, are dridaerfollowing conclusions:

- based on the generalized measure, the most efficiarkets are the mature ones, from
countries like United Kingdom, France or Switzeda®n the other side, a high degree
of inefficiency affects the markets of Bulgariap®&ikia, Greece or Romania;

- based on the Hurst exponent, are noticed high den&g that suggest long memory in
returns rather than short memory;

- compared to the generalized measure, the Romatoak sarket is ranked top four
inefficient markets. The Hurst exponent suggest tha returns are affected by long
memory, the market being ranked as the second maitk the highest long-term

dependencies.

In Europe, the years 1999-2013 were affected bptevdat lead to a different market behavior.
For this reason, we have conducted empirical ssudieeach of the three delimited sub-periods:
2003-2007, 2007-2008 and 2009-2013, that concltidefllowing results:
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- between 1999-2006, the rankings of the relativeketarefficiency were similar to the
rankings for the overall period, in terms of theethefficiency measures;

- for the years affected by the financial crisis, 20Q@008, the rankings do not change
significantly compared to the previous period, Bunhoticed a higher deviation of the
fractal dimension measure for the SAX index (Sloapkelatively to the other markets;

- for the years 2009-2013, all the markets exhibiwiateons from the hypothesis of
informational efficiency, with the highest deviai® for Finland and Poland, that are
caused mainly by the presence of a local memorytifted through significant
deviations of the fractal dimension from the expdctalue. In the previous periods, the
degree of efficiency on the two markets, of Finland Poland, was average.

Overall, the markets of Bulgaria, Slovakia, GreecdRomania exhibit higher deviations from
efficiency, while, on the mature stock marketselikinited Kingdom, France, Sweden or
Switzerland is identified a higher level of effiniy.

The empirical study on the Romanian stock markeckaes a low level of efficiency, which
evolves positively in time. Compared to the exgtiterature on the Romanian stock market,
this study provides a more comprehensive appraatdrims of the methodology, as follows: a)
were used efficiency measures recently suggestéukititerature to identify the main types of
dependencies (fractal dimension, generalized megshj it was considered the evolution in
time by using the rolling windows approach, c) tlegree of the deviation from efficiency was
analyzed relatively to the main European stock etatkRomanian stock market, characterized
by the market index, BET, is classified as a mavkiét a low degree of efficiency, a result that
allows the assumption of a potential predictabititythe market. This remark is a first hint that
statistical forecasting methods or technical anslgsategies could be used to return profits.
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SUMMARY OF CHAPTER IV

Investigation of the weak form efficiency: technical analysis

In the context of informational efficiency, whereetprice evolution is described by random walk
or martingale models, technical analysis can ndatirme constant profits (profits can exist
occasionally) because prices fully and immediatetorporates all available information such
that there are no arbitrage opportunities. Thegmes of a dependence structure in the returns
contradicts the efficient market theory and allaeshnical analysis strategies to return profits,
with a success that depends mostly on the analyra#tet and the selected period of time.
Although the financial theory of stock markets song the efficiency hypothesis, the fact that
stock markets work until nowadays suggest the teanigerest in this institution, an interest that
would not hold in time without a potential finanicraward. From a practical perspective, it is
considered that stock markets exhibit potentiatiigtability of the price changes, an approach
that comes into the detriment of informational @éncy.

The studies regarding the profitability of techhiaaalysis strategies were conducted primarily
on the United States stock market, but as withdineloping of stock markets, other markets,
both, developed or emerging markets, began to preéiseoretical or empirical interest. Park &

Irwin (2007) classify the technical analysis litien& into early studies (1960- 1987) and modern
studies (1988-2004). Compared to the early studiesiern studies bring an improved approach
by considering several strategies in the analysih® profitability instead of a single strategy,

incorporating transaction costs and considering rible level assumed but also by using an
appropriate research methodology, based on boptstethods or genetic programming and
testing the robustness of the results with theofisiata-snooping tests.

The empirical study developed in this chapter isuged on two main ideas: first, the
performance of technical analysis strategies isete®n the Romanian market, under the
assumption of time dependencies in returns andns&gois analyzed the relation between the
excess return and informational efficiency. Thipmach is justified under the previous chapter
results, that concludes the deviation of the Roarastock market from informational efficiency.

In light of the statistical methodology, we mentitwe following contributions. First, we applied
a recent statistical methodology for estimating dependency structure in the returns. Short-
term dependencies are estimated based on the AtitoR@rtmanteau test of Escanciano &
Velasco (2009). This enhanced version of the B@xdei test was selected because it is robust to
heteroskedasticity of unknown type. The test isebasn the null hypothesis of random walk,
Hy:p; = 0,Vj = 1, wherep; is thej™ order autocorrelation coefficient. The portmantstatistic

is improved to allowing the automatic selectiortla# lagsp. The automatic selection is realized
based on the Akaike Informational Criterion or B@&yesian Information Criterion, depending
on the type of the autocorrelations in returns. Tém is applied using the rolling windows
approach, in order to capture the persistence efdépendencies in time. The test statistic is
computed for each window and is made a decisionrgpacting or not the random walk
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hypothesis. Finally, is quantified the number ohdows in which the null hypothesis is rejected.
The percentage of windows that fail to reject tb# hypothesis is an efficiency indicator (Todea
& Rusu, 2014); a higher value implies a more eéitimarket.

Long-term dependencies are quantified using Hugbeent. A drawback of the R/S estimation
method is the fact that is sensitive to the preseariche short term dependencies (Lo, 1991). To
overcome this drawback, the Hurst exponent wasnastid on non-overlapping blocks of
shuffled data, besides the estimation on wholeopefCajueiro & Tabak, 2005a). The blocks
consist of a fixed number of observations, withowerlapping. This methodology removes any
existing dependency structure inside the blocks,doe to the length of the blocks, long-term
dependencies remain unaffected.

The second contribution consists in the use ofbastmess test to check the performance of the
trading strategy. Hansen’s Superior Predictive igbtiest (Hansen, 2004) was applied recently
in the empirical literature of the profitability #fading strategies and, regarding the Romanian
stock market, this study is to our knowledge, amtrgfirst studies that applies this test. The
null hypothesis states that the benchmark strategyot inferior to any alternative forecast,
Hy:u < 0, whereu is the vector of the expected values in terms efekcess return of the best
trading rule compared to the benchmark strategge Génchmark strategy was considered the
Vndy

buy-and-hold strategy. The test statistic TI$"4 = max( maxk=1...,mw7k'0)’ where w? =

1
var(nzdy) is an estimator for the variance of the excessrmetin order to obtain the
asymptotical values for p-value, are applied boagstsimulations based on the stationary
bootstrap of Politis & Romano (1994).

Thirdly, is used a selection mechanism of the Ipesforming trading rule out of the entire
universe of moving average trading rules (Broclalet 1992), in terms of profitability. The
moving average that was used in the empirical amalg composed of a short-term moving
average for a time period that is varying betweeand 10 days, a long-term moving average
between 50 and 200 days and a fixed band betweenl A%, with an increment of 0.1%, used
to avoid the insignificant differences betweentthe moving averages. The sell/ buy signals are
generated only when the differences between the-gron moving average and the long term
one are higher that the considered level of thelbAh the combinations that can be generated
between the short-term moving average, the long-teoving average and the band determine
the entire universe of trading rules, respectidd&$00 strategies.

The empirical study performed in the first parttlos chapter aims to assess the performance of
technical analysis on the Romanian stock markedeuthe assumption that the returns exhibit

short and long-term dependency structures. The mgoaverage strategy, in the form proposed

in this paper, exploits both short and long-termpedalencies. Moving average strategy is applied
on a portfolio of 21 independent assets tradeduahBrest Stock Exchange between 2003-2012.
The period under review is divided into two sub-ples defined, for each asset, by the highest
closing price reached in 2007; due to the impacheffinancial crisis, that moment corresponds

to a structural break.

Table 1 presents, for each asset, the empiricaltsesegarding the best trading strategy in the
second period, 2007-2012.
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Table 1. Best trading strategy for 2007-2012

Rentabilitatea | Rentabilitatea Data-snooping

Activ VMA VMA (%) Buy&Hold (%) p-value
ALR MA(8,51,0.1) 2.7052 -1.1985 0.08
ATB MA(1,88,0.4) 2.3359 -0.9512 0.1
BRK MA(6,62,0.3) 1.9661 -0.0026 0.12
olL MA(9,52,0.1) 3.015 -1.2528 0.09
PREH MA(5,50,0.5) 1.9384 -0.9557 0.16
SIF1 MA(5,51,0.9) 2.9679 -0.7269 0.31
SIF2 MA(2,51,1) 43103 -0.4394 0.41
SIF3 MA(3,50,0.1) 3.8919 -0.6839 0.3
SIF4 MA(1,99,0.8) 1.4652 -0.7253 0.23
SIF5 MA(10,50,0.7) 43319 -0.7648 0.28
SNP MA(5,66,0.5) 1.9907 -0.1759 0.55
DAFR MA(2,50,0.3) 4.448 -2.2484 0.03
SCD MA(7,91,0.7) 2.3132 -0.0495 0.21
UAM MA(10,145,0.2) 0.7707 -0.7946 0.15
SPCU MA(8,78,0.7) 2.4725 -0.6522 0.13
BRD MA(8,68,0.6) 2.8881 -1.0473 0.11
EFO MA(8,57,0.5) 2.503 -1.255 0.17
STZ MA(9,103,0.1) 0.164 -0.2853 0.31
ELMA MA(4,62,0.2) 1.3759 0.2493 0.23
ART MA(8,184,0.9) 1.1143 -1.0592 0.05
IMP MA(3,68,0.4) 43192 -2.7053 0.05

Source: own @ssing

The first part of the study identifies, for eachtbé& two sub-periods, the moving average that
returns the highest profitability out of the entineiverse of trading rules. The robustness of the
results is tested through means of data-snoopstg.tBor 2003- 2007, the excess return is not
statistically significant for any of the consider@sbets. For 2007-2012, although the return of the
most profitable strategy exceeds the return ofbilme-and-hold, only 6 out of 21 strategies are

significantly superior at 10% level of significance

The second part of this chapter is dedicated tatingy of the relationship between excess return
and informational efficiency, on the Romanian stagkrket in the two sub-periods of time. The
excess return is explained through a linear regmesaodel, using the independent variables that
guantify the deviations from efficiency but alsocno-economic factors, respectively the
associated risk and the return of the equities. d&eations from efficiency are quantified
through Hurst exponent and the percentage of wisdawvhich the random walk hypothesis is
rejected. Standard deviation of the returns is @sed proxy for risk (Nelson, 1991; Glonsten et
al., 1993) and ROE (return on equity) is the mieconomic indicator of the profitability of
equity. ROE is one of the most important indicatoir$he company’s performance (Cajueiro &
Tabak, 2004).

Table 2 presents the variables estimated value®07-2012, namely the Hurst exponent
estimated on the whole period of time, Hurst expomstimated on blocks of shuffled data, the
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percentage of windows that reject the random wajgothesis and the excess return of the
moving average strategy compared to buy-and-hold.

Tabel 2. Recorded valuesfor the analyzed variables between 2007-2012

Activ Exponentul Memoria Memoria Exces de
Hurst lungd scurtd (%) rentabilitate
ALR 0.6413 0.6552 0.23 3.9037
ATB 0.5964 0.596 0.21 3.2871
BRK 0.6421 0.6393 0.28 1.9687
OlL 0.6021 0.5984 0.02 4.2678
PREH 0.59 0.5541 0.15 2.8941
SIF1 0.6172 0.6243 0.45 3.6948
SIF2 0.6549 0.6624 0.35 4.7497
SIF3 0.6258 0.6376 0.3 4.5758
SIF4 0.5821 0.5864 0.1 2.1905
SIF5 0.6465 0.6578 0.3 5.0967
SNP 0.609 0.6118 0.16 2.1666
DAFR 0.6765 0.6778 0.18 6.6964
SCD 0.6519 0.6397 0.25 2.3627
UAM 0.4541 0.4641 1 1.5653
SBCU 0.5944 0.5802 0.25 3.1247
BRD 0.653 0.6338 0.03 3.9354
EFO 0.5474 0.5136 0.86 3.7580
STZ 0.5149 0.5098 1 0.4493
ELMA 0.5969 0.5948 1 1.1266
ART 0.573 0.55 0.51 2.1735
IMP 0.6237 0.6085 0.48 7.0245
Source: owngessing

The fact that the return series allow dependerisiesfirst hint that technical analysis strategies
could return profits. Under this framework, a fguwestion is to what extent the dependence
structure could lead to possible financial benefiimpirical results identify a positive and
statistically significant influence of the long mem in the excess return. On the other side,
short memory does not have a significant influefioeess return is positively associated with
firm-specific variables, the risk being statistlgadignificant in both sub-periods while the return
of equities only in the second sub-period. Simiksults are drawn when the transaction cost is
considered (0.3% one way). Therefore, regardingelaionship between the excess return and
the dependencies in return series, the empiricaleage support the conclusion that the
profitability of the moving average strategy is daédong memory instead of the short one.
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GENERAL CONCLUSIONS AND RECOMMENDATIONS FOR FURURE
RESEARCH

Through this paper we aimed to contribute to thewkaedge of the appropriate statistical

methodology used for modeling the behavior of stoekket prices. Achieving this goal requires
a good understanding of the economical theoriesgbeern the financial markets but also, it
requires the ability to identify, from the broadesprum of applied statistics, the statistical tools
that are suitable for delimiting the specific satial properties of the returns and for the analys

of the dynamics of financial asset prices.

The fundamental concept of financial theory of ktatarkets is the hypothesis of efficiency,
built on the assumption of a market in which alitiggpants behave rationally and have equal,
unlimited and immediately access to any informatiRacent studies are emphasizing a possible
irrational and unexpected behavior of the markeiigpants as a reaction to market information.
Also, equal access to any information is questimalnd also the immediate reflection of the
information in the prices, aspects that lead toiatens from market efficiency if they are not
accomplished. The most known altenative/ compleargntheories of the informational
efficiency are the behavioral finance, adaptiveket theory and fractal markets theory.

By using the appropriate research methodology, aee hfocused to identifying the main
statistical properties of the stock prices/ retumainly we were interested in the characteristics
regarding the distribution of the returns, risk gddictability. Based on financial literature, it
was assumed that financial returns follow a lept&uwlistribution, with fatter tails than the
normal distribution. Although the existing literetudo not identify the most appropriate
distribution, the family of the generalized hypdrbdlistributions contains distributions, that
may be, in our opinion, potential candidates beeaigheir theoretical properties.

Based on the results of the empirical study coretlion a set of assets traded on the Romanian
stock market, the hyperbolic distribution, Normavérse Gaussian and Assymetric t-Student are
identified as good approximations of the empiridigtribution. It was paid a special attention to
modeling the left tail of the empirical distributi@ue to the occurrence of the extreme negative
values. An immediate practical utility that resuftem knowing the probability law that
describes the behavior of the stock returns isetenation of the Value-at-Risk, an important
tool in the risk management area. Value-at-risk wstimated through parametrical and non-
parametrical methods, but we considered importatest the ability of the methods to anticipate
VaR. The ability of the estimation methods to pceédobrrectly the maximum potential loss, at a
specific confidence level, is statistically testedough a backtest, applied based on the rolling
windows approach. Regarding the family of the gelwed hyperbolic distributions, the
generalized hyperbolic law, Normal Inverse Gaussiad asymmetric t-Student, all lead to
similar results for the quantile value VaR.

The empirical research of the stock price predittakenrolls in recent research trends, which
regards the efficiency from an evolutionary persipecand accepts periods with different degree
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of efficiency. Such an approach allows us to idgrfactors that have a significant influence in
the change of the degree of efficiency and therbbgpme potential sources of predictability in
the stock market. In terms of the statistical apphp we aimed here to apply a suitable
methodology to detecting the several types of dégecies in returns (short memory, long
memory and local memory). In this regard, were me®red measures that take into account the
statistical characteristics of the financial regi(mainly the heteroscedasticity and non- normal
distribution).

According to recent literature recommendations, ehmpirical results were refined through the
rolling windows approach and estimation on non-apming blocks of shuffled data. Using this
methodology allows building measures that charamdethe degree of deviation from
informational efficiency and place the stock maskeelatively to each other’s degree of
efficiency. The empirical analysis is performed @nthe assumption of relative efficiency, an
approach that allows us to construct efficiencykinags of the most important European stock
markets. However, these efficiency measures weed uss explanatory variables in the
econometric models that address the excess returtheo moving average strategies. The
empirical results regarding the efficiency of thenkanian stock market, places this market on
the top of the most inefficient (along with the dtomarkets from Bulgaria, Slovakia or Greece)
markets in Europe.

In the framework of the previous empirical resuéigarding the deviation from efficiency of the
Romanian stock market, we considered appropriatentdyze the profitability of the moving
average strategy on this market and to what exténstrategy could lead to a significant excess
return compared to the buy-and-hold strategy. & s&lected, for each asset, the moving average
strategy that returns the highest excess return.

The study was conducted for two periods of timearabterized by a different economical
environment, namely before and after the beginrahghe financial crisis. We considered
important to provide robust statistical results &gplying a data-snooping test (Hansen’s
Superior Predictive Ability test), which was rarelged in the literature. The data-snooping test
null hypothesis states that the best trading mieving average, in this case) is not superior to
the benchmark strategy. For 2003-2007, the excsssnris not statistically significant, while
between 2007-2012, although the returns of the piadttable rules exceed the returns of the
buy-and-hold, the null hypothesis is rejected follyd® out of the total of 21 assets.

The fact that the returns exhibit short and longatelependencies, quantified through Hurst
exponent and Escanciano & Lobato (2009) test, fissahint that technical analysis strategies
could return profits. The second part of the ermopirresearch regarding the profitability of the
moving average strategy concludes that excessretyositively associated with the long-term
memory and micro-economic indicators, like riskefiéfore, the long-term dependency structure
can be exploited in order to earn profits.

In addition to the empirical studies performed othex three out of four chapters of this thesis,
we paid a special attention to defining the thecaétconcepts and the statistical methodology
applied, but also to frame the financial theorlest imotivate the empirical research. Each study
is framed in the context of the recent literatuyehiighlighting the main empirical results and
theoretical contributions.
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The keywords that describe this research are tbbssturns and profitability, basic notions that
materializes in a financial gain as an effect otanplex combination of microeconomic,
macroeconomic and even psychological factors. Thgrnihe information into profits is

conditioned by the use of an appropriate statistiethodology.

The main purpose of the empirical studies is tdyaeathe statistical properties and the dynamic
of the asset prices/ returns on the Romanian stauket. Although the results of the empirical
research bring valuable contributions to the exggtiterature on the Romanian market, there are
several aspects that deserve attention on futgsareh.

A first aspect regards the probability laws thatdelothe financial returns and consists in
extending the analysis to a larger portfolio of dpdndent assets both from Romanian and
foreign stock market. As an alternative to the guss$-of-fit measures applied, Anderson-
Darling could be used as an appropriate alternatiu€S test as it focuses specially on the fit of
the theoretical distribution on the tails of theperncal data. Regarding the relative efficiency,
we have used in the empirical study the deviatioos the informational efficiency reference,
but from a statistical approach, it would be of maiterest to test the significance of these
deviations, an approach that could consist in aréutesearch.

The profitability of the moving average strategyswavestigated relative to buy-and-hold, but,
as it could be noticed from the empirical resulte buy-and-hold strategy leads to positive
returns under periods affected by a positive armessing trend. In this regard, on a future
research we can extend these results by consideeding strategies that account for specific
market indicators.
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