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SUMMARY. In this paper we test for the presence of weak-form efficiency in the Bulgarian stock
market. Employing daily and weekly data for individual securities traded on the Bulgarian Stock Ex-
change, two artificial portfolios and the market index SOFIX, we apply statistical tests based on the
estimated autocorrelation functions and the variances of the stock prices sampled at different fre-
quencies. The random walk with drift model is not well supported over the entire sample period (Oc-
tober 2000 - November 2006). Furthermore and contrary to our initial expectations, the Bulgarian
stock market is found closer to being efficient in the first sub-period of the sample (October 2000 -
October 2003) than in the second one (October 2003 - November 2006). This suggests that no con-
vergence towards weak-form efficiency occurred over the examined period, despite the increase in
the number of listed securities, market capitalization and investors' interest. Additional evidence, com-
ing from a comparison of the returns from trading based on filter rules and those from following a
simple buy-and-hold approach, demonstrates that even if there are some inefficiencies present in the
market, it is not so easy to convert them into abnormal profits.
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JEL Classification: G14
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1. Introduction

The development of capital markets in transition and emerging market
economies is a very important prerequisite for fostering their growth as it
allows the available funds to be channeled easily to their best investment
uses. An important question, in this respect, is how quickly the markets for
capital in transition countries like Bulgaria can reach the stage of efficient
functioning, so that the economies can fully benefit from their operation.
There are several different dimensions to the concept of market efficiency. In
this paper, we are going to focus on the one that concerns the asset price
formation mechanism.

Market efficiency is a concept intimately related to the diffusion of
information. More specifically, it concerns the mechanism according to which
asset prices react to news and the speed with which the adjustment takes
place. In a perfectly efficient market, the arrival of news should cause an
instantaneous and full adjustment of the asset prices to their new fair values.
In other words, the incorporation of the incoming information is so fast and
accurate that no one is able to achieve abnormal profits by trading on the
news flowing to the market. In such an environment, investors can not predict
the future price movements and, therefore, should only expect to obtain a
normal rate of return, corresponding to the risk profile of their portfolios.

The idea of market efficiency, defined above, differs in meaning from the
concept of allocational efficiency also frequently attributed to the markets.
The latter refers to the way scarce resources are distributed among
competing uses and affects the overall increase in social welfare, resulting
from the operation of the markets and the exchange among economic agents
that takes place in them. The former, on the other hand, deals with the
fairness of the asset prices at any point in time and the availability of profit
opportunities stemming from improper price formation mechanisms.'

Why is the presence of market efficiency so important in reality? There
are both theoretical and practical reasons for that. From theoretical point of
view, the efficient markets hypothesis provides some of the assumptions
upon which most of the asset pricing models are built. These include the "no
arbitrage" argument and the random walk processes for the evolution of the
prices of the underlying assets, conjectured by some derivatives pricing
models. If, in reality, it turns out that markets are not efficient, then finance
professionals will not be able to rely on the correctness of the asset prices
derived from such models. Furthermore, new pricing models would have to

"Henceforth, when we say market efficiency we will refer to the aspect of it related to the asset
price formation mechanism.
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be developed to take into account the specific sort of inefficiency present in
the financial market under investigation. From practical point of view, the
violation of the market efficiency might imply the availability of (almost)
riskless profit opportunities. They can be seized by devising a proper trading
strategy which extracts signals from the incoming news to determine the right
moment to buy/sell assets on the inefficient market.

In this paper, we focus on studying the efficiency of the Bulgarian capital
market by using data for securities traded on the Bulgarian Stock Exchange.
We look at the period from October 2000 to November 2006, when the
market had in place already sufficient regulations and infrastructure to
facilitate the trading activity. By choosing this period, we also aim to fill in the
existing gap in the literature on the Bulgarian capital market and provide an
opportunity for comparison with similar studies conducted for other
transition economies.

We found Bulgarian Stock market to be an interesting object of
investigation, because of two peculiarities it has: 1) it is quite young® and 2)
it is rather small® in terms of both market capitalization and trading volumes.
The relatively infant development stage of the Bulgarian Stock Exchange
implies that the market microstructure may not have been built yet to a level
sufficient to support the efficient price formation mechanism. This issue
concerns both the way in which information is released to the market
participants, and the way in which the trading activity is structured. The latter
is crucial for the ability of the investors to react to news in their quest for
abnormal returns. For example, as of the time of this writing, there was no
possibility for short sales of stocks. If present, such opportunities would
potentially allow market participants to take advantage of the incorrectly
priced assets, to arbitrage away the price inconsistencies and thus to restore
the equilibrium in the market.

The small size of the market implies that the frequency of trading with
certain stocks may be relatively low and/or the traded volume too small. This
may create substantial liquidity risks for those market participants who try to
put in place trading strategies, based on technical or fundamental analysis. If
such risks are present, the market may turn out to function in an inefficient
way, because even if someone tries to take advantage of the presence of
pricing inconsistencies he/she may not be able to do so, because of the low
liquidity in the market.

The trading of shares in Bulgaria after the collapse of the centrally planned economy started in the
first-half of the 1990s. In its current form the stock market operates since late 1997.

The total market capitalization of the various segments of the Bulgarian Stock Exchange as of
March 2007 was about BGN 18.5 billion (EUR 9.5 billion).



These peculiar features of the Bulgarian Stock Market make the
investigation of its efficiency quite an interesting and at the same time tricky
endeavor. This is why we approach the issue cautiously and from two
different angles. On the one hand, we apply statistical tests based on the
estimated autocorrelation functions and the variances of the stock prices
sampled at different frequencies, in order to test the validity of the random
walk model of the evolution of asset prices. On the other hand, we attempt
to establish the usefulness of some trading strategies in the quest for
abnormal returns. This dual approach allows us to draw conclusions not only
on the correctness of the efficient markets assumption in asset pricing
models, but also on the possibility of market professionals to take advantage
of market inefficiencies, should they be present.

The rest of the paper is structured as follows. Part 2 reviews the literature
on financial market efficiency and presents some of the evidence for other
transition economies. Part 3 describes the methodology employed in the
paper and discusses the estimation procedures, while Part 4 explains the
construction of the data set. Then, Part 5 presents in detail our empirical
results and their implications for the validity of the efficient markets
hypothesis. Finally, Part 6 concludes the discussion.

2. Literature Review

Undoubtedly, the efficiency of the capital markets is one of the most
explored topics in the financial economics literature. Some of the earliest
studies date back to the 1930s, with the main empirical contributions coming
in the 1960s and 1970s (for a thorough review see, for example, Fama (1970)
and (1991). As our interest in this paper is focused on a specific country -
Bulgaria - we are only going to review the papers that provide the relevant
statistical methodology and to summarize the empirical evidence for several
other countries in Central and Eastern Europe.

Campbell, Lo and MacKinlay (1997) provide an excellent overview of the
various approaches to testing market efficiency under different hypotheses
for the evolution of the asset prices. They present empirical evidence for the
(un)predictability of the asset returns at various frequencies, including not
only tests with daily and weekly data, but also an investigation on the long-
range dependence. We borrow their classification of random walks and
employ the variance ratio tests defined in one of their earlier papers (Lo and
MacKinlay (1988). For testing the profitability of trading strategies, based on
technical analysis, we follow the approach of Fama and Blume (1966), which
specifies a filter trading rule and compares its returns to those generated by
a simple buy-and-hold strategy.
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When it comes to studying the efficiency of the capital markets in our
region of interest - Central and Eastern Europe - we should say that the
literature is not so abundant, at least in terms of geographical coverage.
Studies are available mainly on Russia and the three Baltic states (Lithuania,
Latvia and Estonia). Yet, the variety of research methods used is quite wide,
so we deem it worthwhile to review some of the good examples in the field.

Kvedras and Basdevant (2004) study the evolution of the capital markets
in the Baltic states in the period from mid 1996 till late 2001. Seeking to
establish the convergence towards market efficiency, the authors devise a
time-varying version of the variance ratio test statistic, defined by Lo and
MacKinlay (1988) and employ a Kalman filter model to estimate time-varying
autocorrelation coefficients for the stock market indices of the three Baltic
states. Using daily data on the indices LITIN (Lithuania), DJRSE (Latvia) and
TALSE (Estonia) the authors find that the Lithuanian and Estonian stock
markets exhibit pronounced trends towards market efficiency, while Latvia
shows no clear pattern over the period.

The conclusions of Kvedaras and Basdevant (2004) are broadly supported
by the findings of Mihailov and Linowski (2002). Instead of relying on
statistical tests, however, they employ several trading rules based on technical
analysis and estimate the relevant parameters (buy/sell indicators) using
genetic algorithms. The results of such trading strategies are then compared
to those of a simple buy-and-hold investment approach. Their sample consists
of daily data on the RICI index (Riga Stock Exchange price index) and spans
the period from November 1997 to January 2001. Using a variety of trading
windows and other calibration parameters, the authors find evidence that
trading strategies based on technical indicators can outperform the buy-and-
hold strategy in a bearish market at low to moderate levels of transaction
costs. However, the investment approach tested can not say which technical
indicator should be used to consistently outperform the buy-and-hold rule, i.e.
no adjustment for the ex-ante model risk is made in the comparison.

Moving to the evidence about Russia, we begin with a review of the
findings of Abrosimova, Dissanaike and Linowski (2002). They employ classic
statistical tests to assess the predictability of the RTS (Russian Trading System)
Index returns at daily, weekly and monthly frequencies, hypothesizing a
random walk with drift model. For the sample period from September 1995
till May 2001, the authors find some evidence of predictability of the daily
and weekly returns. Yet, they conclude that the patterns unveiled are unlikely
to allow the investors to devise a trading rule that consistently outperforms
the market.

Hall and Urga (2002) devise a test for changing market efficiency based
on time varying parameter model with GARCH-M structure of the residuals.



The sample features data on the two main indices of the Russian stock market
- RTS and ASPGEN - for the period September 1995 to March 2000. The
estimates obtained using Kalman filter technique reveal that the index of the
most liquid Russian stocks (RTS) exhibits initial inefficiency patterns, but then
in the course of a period of 2.5 years moves close to the state of efficiency.
The results with the broader index ASPGEN demonstrate that the overall
performance of the market remained predictable for most of the time and
only towards the end of the period showed signs of improving efficiency.

The only paper studying the stock market efficiency in Bulgaria, of which
we are aware, is Emerson, Hall and Zalewska-Mitura (1997). The authors
employ a multi-factor model with time-varying coefficients and GARCH
errors on a sample of weekly data for four shares covering the period
between the first week of 1994 and the first week of 1996. In this early
period of development of the Bulgarian stock market, the evidence obtained
from their Kalman filter estimates suggests that the market undergoes three
phases of development. In the first one, there are no clear signs of initial
inefficiency just because the trading is very thin and very little information is
available. In the second phase, when the market volumes increase, patterns
of inefficiency appear and then get quickly reduced during the third phase.
Our paper aims to provide further evidence about Bulgaria, by examining the
efficiency of the Bulgarian stock market in a later stage of its development,
when new legislation governs the trading and more securities and investors
are present in the market.

3. Methodology

Any procedure for testing the efficiency of a given financial market
requires two prerequisites: 1) specification of the information set, with
respect to which the efficient functioning of the market will be tested; and 2)
specification of a model for the evolution of the asset prices under the
efficient markets hypothesis. For the purposes of our study we define these
two as follows. We consider the information set that includes only the history
of asset prices or the corresponding returns, i.e. we aim to examine the weak-
form efficiency” of the Bulgarian stock market. We conjecture that if the
market is efficient the asset prices should evolve according to the random
walk with drift model, specified in Eq. (1):

*There are two other frequently mentioned information sets when it comes to testing market effi-
ciency: 1) the set of all relevant publicly available information, which relates to the Semi-strong form
efficiency of the financial markets; and 2) the set of all information known to any market partici pant,
which relates to the Strong form of the efficient markets hypothesis.
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p,= Htp,, tE (1)

Where:

p,, - is the natural logarithm of the last observed price of the asset,
sampled at daily, weekly, or other appropriate frequency;’

u - is the drift term, which essentially measures the expected rate of
return on the asset between time t-1 and ¢

g, - is a stochastic disturbance term, which incorporates the influence on
the asset price of news arriving between time t-1 and t.

Depending on the specification of the stochastic term €, we distinguish
three types of random walk, defined as follows:"

- Random Walk 1 (RW1): & ~ 1D (0, 6°). This type of random walk
features disturbance terms that are independently and identically distributed
(IID). This assumption is very conservative when it comes to financial markets
with very long history and many changes in the economic and institutional
environment. Yet, for recently established stock markets like the Bulgarian
one, it may not be completely implausible and hence is worth testing. This is
why we devote some attention to it;

- Random Walk 2 (RW2): g ~ INID (independently and not identically
distributed disturbance terms). Here the assumption of identically distributed
disturbances of the RW1 model is relaxed to allow for a more general
evolution of the asset prices, featuring changing volatility or even different
underlying distributions from which ¢,is drawn at different dates. In general,
testing for the validity of this model is very difficult due to the large number
of processes that could fall under the null hypothesis. This is why, we do not
attempt to test for RW2 in our paper and list it here only for completeness;

- Random Walk 3 (RW3): cov(g, €,) = 0, for all k # 0. This is the most
general version of the random walk process, in which even the independence
assumption is relaxed to the extent that the disturbances ¢, are required only
to be uncorrelated, i.e. linearly independent. Yet, this type of random walk
does not exclude the possibility of correlation between non-linear functions
of g, and ¢,,.

Having specified the setup under which we are going to test the
efficiency of the Bulgarian stock market, we proceed by examining the test
procedures that we employ. In our attempt to provide evidence from several

®Random walk processes are not usually specified in the natural logarithm of the variable, rather in
the variable itself. In this case, the natural logarithm is necessary to avoid the small yet existing prob-
ability to observe negative asset prices when the support of the underlying distribution of € is defined
from -0 to +oo.

®For a more detailed description see Campbell, J.Y., AW. Lo and A. C. MacKinley, The Economet-
rics of Financial Markets, 1997, Princeton University Press, pp. 31-33, whose classification we bor-
row here.



different viewpoints, we take two different routes. The first one encompasses
a battery of statistical tests for the validity of the random walk models defined
above. The two relevant types of testing procedure that we put to use here
are: 1) autocorrelation functions” together with tests based on them (e.g.
Box-Pierce Portmanteau test), and 2) variance ratio tests. The second route
we take is more practical as it tries to find ways for realizing superior returns
by following certain trading strategies. We do so by employing filter rules to
test whether one can obtain returns better than those of a simple buy-and-
hold strategy.

The two groups of testing approaches outlined above are very different in
nature. The tests based on autocorrelations and variance ratios have the
random walk model as their null hypothesis. Consequently, if these tests fail
to reject the null hypothesis, they will provide direct evidence for the
correctness of the random walk assumption for the evolution of the asset
prices. Unlike that, the filter rules are deviced with the underlying conjecture
that the asset prices evolve according to a complicated non-linear model, i.e.
the null hypothesis is that the market is not efficient. Hence, if this trading
approach fails to provide superior returns, this will not necessarily imply that
the market is efficient, rather that this specific null hypothesis is not
supported by the data.

Clearly, using these two groups of tests in conjunction will allow us to gain
better insight into the nature of the process underlying the evolution of the
stock prices and to draw better implications for trading. We examine the
mechanics behind the variance ratios and the filter rules below.

3.1. Variance Ratios

Under the random walk hypotheses, which we conjectured for the
evolution of the securities prices, the variance of the continuously
compounded asset returns should grow linearly with time. This means that
the variance of the asset returns estimated over n-period intervals should be
equal to n-times the variance of the 1-period asset returns. On the basis of
this observation, Lo and MacKinlay (1998) define the following general
variance ratio:

_Var[r@] _,, &, K (2)
VR(q)_—q.Var[rt] 1+2k2=;(1 q)P(k)

”The methodology for the calculation of autocovariances is described in Appendix 3.

S¥3dvVd NOISSNOSIda

13



DP/71/2009

14

Where: 1,(K)=r 41, +...+1_,

p(k) - is the k-th order autocorrelation coefficient of the sequence of
returns {r };

The formula shows that the variance ratio is a linear function of the first g-1
autocorrelations of the sequence of returns {rJ. Hence, if the returns of a
particular asset are not autocorrelated, as implied by the random walk model,
the variance ratio should have a value of 1. Campbell, Lo and MacKinlay
(1997) specify the ways to estimate the variance ratios under the RW1 and
RW3 null hypotheses and present the corresponding test statistics, which we
borrow for the purposes of the present study.”

3.2. Filter rules

In order to test the presence of weak-form market efficiency in the
Bulgarian Stock Exchange from a practical perspective, we employ the x per
cent filter rule of Sydney S. Alexander.” He devised his data filtering approach
starting from the assumption that stock prices may adjust only gradually to
news arriving to the market.

The professional analysts operate in the belief that there exist certain trend generating facts, know-
able today, that will guide a speculator to profit if only he can read them correctly. These facts are as-
sumed to generate trends rather than instantaneous jumps because most of those trading in specula-
tive markets have imperfect knowledge of these facts, and the future trend of price will result from a
gradual spread of awareness of these facts throughout the market [Alexander (1961), p. 7].

The x per cent filter rule of Alexander is defined as follows: "If the daily
closing price of a particular security moves up at least x per cent, buy and
hold the security until its price moves down at least x per cent from a
subsequent high, at which time simultaneously sell and go short. The short
position is maintained until the daily closing price rises at least x percent above
a subsequent low, at which time one covers and buys. Moves less than x per
cent in either direction are ignored" (Fama and Blume (1966), pp. 227-228). In
simpler words, the idea of Alexander is to filter the trends (price movements
exceeding the filter value) from the noise (price movements not exceeding
the filter value), believing that once a trend appears it will be present for a
while, before prices settle or start to move in the opposite direction. If such
filter is to work, there must be certain degree of persistence (positive
dependence) in the stock price movements, instead of the independence
implied by the random walk model.

®The test statistics were originally defined by Lo and MacKinlay (1988). The formulas and sampling
distributions are summarized in Appendix 2.
?See Alexander (1961) and Alexander (1964).



In this paper, we use the x per cent filter rule calculations as described in
Fama and Blume (1966). We employ 24 different filter values, which allows
us to figure out what is the dependence of the filter performance on the
value of the filter. The readers interested in the mechanics of the calculations
and the relevant formulas should refer to that paper (pp. 232-233).

4. Data description

The recent history of the capital market in Bulgaria began in 1991, shortly
after the democratic reforms. Initially the market was quite chaotic, with no
prompt regulations in place and very few traded securities. In its current
version, the Bulgarian Stock Exchange was launched in October 1997 with
two sub-markets - official and unofficial one. The first companies to be listed
were those that were mass-privatized. Later to them were added also the mass
privatization funds, after they have been converted into holding companies.

For the purpose of testing the efficiency of the Bulgarian capital market,
we use a sample containing individual stocks traded on the Bulgarian Stock
Exchange, two portfolios made up of these stocks with different weights and
the market index SOFIX. The latter was introduced on October 20, 2000 with
base value of 100 and during most of its existence included 12 to 14
securities weighted by their market capitalization and meeting certain
requirements about market capitalization, free float, minimum number of
investors, as well as frequency and volume of trading."”

All the data used in the present study were downloaded from the data
base of the Bulgarian Stock Exchange, freely accessible through its web-site.
The time series stored there were adjusted for dividend payments, splits and
dilution after capital increases. On the one hand, this adjustment of the data
facilitates better estimation of test statistics, as it helps us to capture better the
underlying price evolution process. On the other hand, it limits the quality of
the inference as it does not allow proper evaluation of the performance of
trading rules based on actually observed prices.

Despite the fact that data were available for the period since the
beginning of 1998, we decided to use a sample spanning the period from
October 20, 2000 to November 23, 2006. The initial date of the sample was
chosen to coincide with the introduction of SOFIX, in order to make our
results internally consistent'' and at the same time to keep them comparable

10

rent members please refer to the web-site of the Bulgarian Stock Exchange at: www.bse-sofia.bg

" By internally consistent, we mean results that are based on the same sample period for the indi-

vidual stocks and the market index.

For more details about the calculation of Sofix, the criteria for inclusion of companies and its cur-
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to those of other studies that use only market indices. In addition to that, by
selecting a later starting date, we tried to alleviate the influence of two
problems peculiar to stock markets in the early stages of their existence: low
trading volumes and infrequent trading. The first one is, anyway, impossible to
tackle, while the second one can be somehow overcome. Unfortunately, it
was not possible to get completely rid of these two market phenomena and
still have long and wide enough sample.

While selecting our sample, we took two steps to alleviate the influence of
the infrequent trading problem: 1) carefully selecting only stocks that are
traded frequently enough (with as few missing values as possible); 2) using
two alternative methodologies to impute missing values and then studied the
sensitivity of the estimation results to the imputation method used. Another
alternative was to employ a statistical data correction approach like the one
suggested, in Miller, Muthuswamy, and Whaley (1994). To correct for the
effects of thin trading, they suggest the estimation of a moving average model
that reflects the number of non-trading days and then adjusting the returns
accordingly. However, given the difficulties in identifying the non-trading
days, Miller, et al. showed that an equivalent approach is to estimate an AR(1)
model of the form:

h=a+a ,+&
and then calculating the adjusted returns using the following formula:
A

a __ €
b (-ay)

We decided not to correct our data using such an approach, in order to
ensure that the results from the test statistics that we estimate are comparable
to those obtained from the filter rule techniques, which require the estimation
to be performed with the actually observed data.

In order to get better understanding of how the market efficiency evolved
over time, we defined two sub-periods in our time series sample. The first one
includes the observations taken between Octover 20, 2000 and October 20,
2003, a period characterized with both bullish and bearish phases. The
second period spans the rest of the sample (observations taken between
October 21, 2003 and November 23, 2006) and is characterized by
pronounced upward trend and annual growth rates in excess of 40 percent.
This devision of the sample into sub-periods is quite arbitrary, with the main
idea being to consider time horizons of roughly equal length. We calculated
all test statistics for both the whole period and for each of its two sub-periods.

After performing our sample selection procedure, we were left with time
series for the prices of 11 individual stocks and the values of the market index



SOFIX."” We calculated the continuously compounded returns at daily and
weekly frequency for each of these 12 price series. In addition to that, we
constructed two portfolios: one that has initial weights based on the market
cap of the 11 stocks in the beginning of the sample period (October 23,
2000) and another one with equal initial weights. With these 14 time series
we performed all the calculations described in the following section.

5. Estimation results

5.1. Autocorrelation function analysis with daily
and weekly data

We begin with an analysis of the estimated autocorrelation functions and
the corresponding Box - Pierce Q-statistics for daily and weekly stock returns
for our set of 11 individual stocks, one stock market index and two
portfolios.”” Table 1 presents the estimates with daily data for the whole
sample period October 20, 2000 - November 23, 2006, together with results
for its two sub-periods. The reported first-order autocorrelation coefficients
p(1) for SOFIX, the equally-weighted and the market capitalization weighted
portfolios, over the whole period are -9.1 per cent, 12.8 per cent and 5.2 per
cent, respectively. Under the RW1 hypothesis, the asymptotic distribution of
p(1) is normal with mean 0 and standard deviation 1/+/T, which for a sample
of 1525 observations implies a standard error of the estimates of 2.56 per
cent. This means that at the 95 per cent confidence level, we have statistically
significant estimates of non-zero autocorrelations for SOFIX and the equally-
weighted portfolio, with the market capitalization weighted portfolio being
on the margin. For the individual stocks the results are a bit more in favour of
the efficient markets hypothesis, with only two first order autocorrelations out
of eleven, exceeding in absolute value the level of 7.5 per cent. Three more
interesting findings are worth noting: 1) 6 out of the 14 time series exhibit
sign reversals, i.e. the sign of p(7) in the first sub-period differs from the one
in the second sub-period; 2) in 9 of the 14 cases, p(1) for the second sub-
period exceeds the one for the first sub-period, which suggests that there is
no movement towards market efficiency; 3) it is not uncommon for the time-
series to exhibit significant higher-order autocorrelations. The latter finding is
supported by the values of the Box - Pierce Q-statistics. For 11 of the 14
series, the test statistics with 4, 8 and 12 autocorrelations estimated over the

2For complete description of the sample selection process we used please refer to Appendix 2.
> A summary of the results analyzed in this section is presented in Table 7.
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whole sample period are statistically significant at the 5 per cent level.

Moving to the estimates with weekly data (see Table 2), we observe that
the first-order autocorrelations for SOFIX, the equally-weighted and the
market capitalization weighted portfolios stand at - 8.6 per cent, 20.9 per
cent and 10.0 per cent respectively. The relevant standard error of the
estimates that we need to use here for a sample of 307 observations is 5.71
per cent, which means that only one of these three autocorrelations is
significantly different from zero. Out of the 11 individual stocks, we have 5
with p(7) exceeding 10 per cent and 6 with sign reversals in the second sub-
period as compared to the first one. The Q-statistic estimated with 4
autocorrelations over the whole sample period is statistically significant in
only 5 of the cases versus 11 with daily data, but when the number of
autocorrelations is increased to 8 and 12, we have respectively 8 and 10
cases with significant Box-Pierce statistic. This last finding suggests the
presence of significant higher-order autocorrelations in some of the time
series, which is not in-line with the efficient markets hypothesis. Further
support for such a conclusion comes from the observation that there are at
least 4 individual securities (ALBHL, PET, AFH and ALB), for which p(7) is
large and positive (negative) in the first sub-period, large and negative
(positive) in the second sub-period, but very close to 0 over the whole sample
period. Such patterns indicate that the autocorrelations functions are quite
unstable over time and that the inference is sensitive to the period under
consideration. In order to examine these findings in more detail, we continue
with the variance ratio tests under RW1 and RW3 null hypotheses.

5.2. Variance ratio tests with daily and weekly
data

The variance ratios estimated under the RW1 hypothesis with daily data,
and with 2, 4, 8, 12 and 16 autocorrelations are presented in Table 3. Over
the whole period, SOFIX tends to reject the null hypothesis only for the
version of the variance ratio with 2 and 4 autocorrelations. The value of the
ratio is below 1, which is due to the presence of negative first and third order
serial correlation. On the other hand, the two portfolios in our sample exhibit
variance ratio values of above 1, with those for the equally-weighted
portfolio consistently higher than those for the market capitalization weighted
portfolio. In both cases, however, the RW1 hypothesis is rejected. When it
comes to the individual stocks, there is only 1 security (SFARM), which
consistently exhibits behavior in line with the RW1 model. For the other
securities, we observe mixed patterns across sub-periods and number of
autocorrelations, included in the test statistic. For the whole sample, the



variance ratios are significantly different from 1 in 6 to 8 of the 14 time series,
depending on the number of the autocorrelations used in estimating the test
statistic.

The results for the same version of the variance ratio, but with weekly data
shed slightly different light on the validity of the RW1 model in the Bulgarian
Stock market (see Table 4). The estimates for SOFIX fail to reject the null
hypothesis even in a single occasion, although the values of the variance
ratios vary substantially across the sub-periods of our sample. As in the case
with daily data, the null hypothesis is consistently rejected for the two
portfolios, especially when more autocorrelations are used in the estimation.
Overall, the RW1 is not supported in 4 to 7 of the 14 time series we studly,
which is less than the case with daily data. One more fact is worth noting: the
variance ratios tend to be significantly different from 1 more often in the
second sub-period than in the first one. This finding runs contrary to the
conjecture that as the Bulgarian stock market gets more developed it should
come closer to being weak form efficient. Let's not forget, however, that the
RW1 model is quite restrictive and hence less likely to be supported by the
data coming from a young and small market, like the Bulgarian one. This is
why, we need to examine and put more emphasis on the evidence coming
from the variance ratios computed under the RW3 null hypothesis. We
analyze these in turn.'*

With daily data, the variance ratio estimates for SOFIX under the RW3
model exhibit quite a peculiar pattern (see Table 5). The values of the ratio in
the first sub-period are strictly below 0.9 and the null hypothesis is never
rejected. When we consider the second sub-period, however, we find
variance ratio values of above 1.2, with the RW3 model rejected in all of the
cases (with 2, 4, 8, 12 and 16 autocorrelations). Even more interestingly, for
the whole sample period the values of the ratio gravitate around 0.9 and
again, as in the first sub-period, the RW3 model is not rejected even in a
single occasion. The two portfolios in our sample exhibit a very different
behavior. The values of the variance ratio for them is consistently above 1
across sub-periods and number of included autocorrelations and the null
hypothesis is rejected in almost all cases, except for those with 2
autocorrelations for the market capitalization weighed portfolio. When it
comes to the individual securities, the null hypothesis is rejected less often
than in the case of the RW1 model. Furthermore, there are at least six
securities (ALB, GAMZA, AFH, PET, SFARM and IHLBL), which clearly exhibit

' A summary of the results analyzed in this section is presented in Table 8.
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behavior entirely in line with the RW3 hypothesis. Over the whole sample
period, the weak-form market efficiency hypothesis is not confirmed in 3 to
6 of the 14 time series (depending on the number of autocorrelations used in
the test statistic), however, we observe again that in the early period of our
sample, the RW3 model is rejected considerably less often in the later period.

Moving on to the weekly data (see Table 6), we find similar patterns with
certain qualifications, which we will address. SOFIX again exhibits different
behavior in the earlier sub-period relative to the later one, but unlike the case
with daily data, this time the RW3 model is not rejected even in a single
occasion. The equally-weighted portfolio again runs contrary to the weak-
form efficient behavior, while the market capitalization weighted portfolio
frequently tends not to reject the null hypothesis when the variance ratios are
estimated with smaller number of autocorrelations. The individual securities
tend to lend strong support to the weak-form efficient price formation
mechanism, especially in the period from late 2000 to late 2003, when there
is not even a single security that rejects the RW3 model.

It is really challenging to provide a good explanation for this result.
Conceivably, part of it may be attributed to the imputation of a lot of missing
values in the first sub-period with the resulting modification on the true, yet
unobserved price formation process. Indeed when we compare the results
for the two different methods that we use for imputing missing values, we
find that the results are mostly sensitive in the first part of our sample. Even
taking that into account, however, the RW model is still rejected more
frequently in the second sub-period. So, there must be other factors at play.

Lastly and before we go to the filter rules, we need to mention that in
Appendix 4 we present the estimates of the autocorrelation functions and
variance ratios for daily and weekly returns, obtained using the data set with
linear interpolation of the missing values. Without going into details, we
should say that our original conjecture that linear interpolation tends to
reinforce the autocorrelations was confirmed and therefore we found more
often rejection of the efficient markets hypothesis than in the case when we
imputed the last observed price to fill in the missing price observations.

5.3. Filter rules (x per cent filter)

In this sub-section, we present a different sort of evidence regarding the
validity of the efficient markets hypothesis in the Bulgarian Stock Exchange.
We leave the statistical tests aside and try to establish whether one could
achieve returns superior to those of a buy-and-hold strategy by using a filter
trading rule. For the purpose of carrying our calculations, we use only the
sample with daily observations, in which the missing values have been



substituted by the last observed value."”” We employ twenty-four different
filter values, ranging from 0.5 per cent to 50 per cent.'® For each filter value
and security in our sample, we calculate the annualized rate of return that
would have been achieved if the filter rule were applied and then compare it
to the annualized return over the same period of a buy-and-hold strategy. The
results of these estimations under the assumption of zero transaction costs
(brokerage fees and fees to the stock exchange) for the period, when the
positions were open under the various filter values, are reported in Table 9.
Two conclusions can be easily made from examining the results. First, it is
apparent that the filter rule technique had very limited ability to outperform
the buy-and-hold strategy throughout our sample period. Out of the 207
cases examined'” the filter rule approach generated superior returns in only
23. Second and more important from investors' viewpoint, our filter rule
tended to generate quite often negative returns and this happened
throughout the whole range of filter values. The main reason for such a result
is the bullish market during most of the sample period,'® which made it
extremely tricky to realize positive returns on short positions.'” Another
interesting observation is related to the result that there was not a single filter
value to clearly dominate all other values. In our case, there were four filter
values (0.015, 0.02, 0.07 and 0.14), which generated superior returns for two
(out of the eleven) securities. Fifteen filter values generated superior returns
for a single security, while the remaining five values completely failed to
outperform the buy-and-hold strategy. This finding implies the presence of
certain risk for the investors in choosing, which filter value to use if they
decide to follow this trading strategy. Of course, it is reasonable to expect
(and this conjecture is confirmed by our results) that when transaction costs
are taken into account the filter values that provide the highest total return

®In this way, we ensure that the imputation of values does not trigger trading under any of the fil-
ter rules, i.e. no transaction can take place in a day when there was no actual trading with the particu-
lar security.

'® We use the same filter values as in Fama and Blume (1966) to allow comparability of the results.

7 In principle the total number of cases is 264 (11 securities x 24 filter values per security), but for
some of the high filter values there were no transactions completed and hence no returns could be
calculated and compared.

"®The average annual returns of the market index SOFIX in most of the years in our sample was
close to 40 percent.

"To provide further support to this conclusion, we need to say that for two of the securities in our
sample (SFARM and AFH) and for several filter values, we run into a situation, in which the loss on a
single short position exceeded 100 percent (when this happened we could not calculate com-
pounded return for the transaction and concluded that the buy-and-hold strategy is superior).
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should lie in the middle range (between 5 and 20 per cent).”’ This is due to
the ability of such filter values to ensure that: 1) the first position is entered
into early enough; 2) the investor does not need to trade too often and hence
can save on transaction costs.

In order to gain further insight, we compare the average returns per
security for all filter values, presented in Table 10. The key finding here is that
short positions consistently generate negative average annualized returns.
This, however, is only simulated evidence as short sales are actually not
allowed on the Bulgarian Stock Exchange and hence could not influence the
price processes that we actually observed over our sample period. This is
why, it is a lot more relevant for us to use the breakdown of returns in Table
10, to figure out whether the filter rule technique provides good signals for
entering into long positions. The evidence in this respect is somewhat
ambiguous. The average annualized returns from taking long positions for 4
of the securities exceed those from following a buy-and-hold investment
strategy and in the cases of ALBHL, PETHL and BHC the difference is rather
substantial. For the other 7 securities, however, the opposite situation
prevails. Furthermore, the performance of the filter rules differs markedly
across individual securities. For example, there are 5 securities in our sample
for which none of the 24 filter values yields superior returns to those of a buy-
and-hold strategy. On the other hand, 21 of the 23 filter rules, superior to those
from the buy-and-hold strategy, pertain to only 3 securities” (13 to BHC, 4 to
PETHL and 4 to GAMZA). So, it turns out that the filter rules either work
superbly for a specific security or do not work at all. This result, obviously, lends
evidence neither in favor of the efficient markets hypothesis, nor against it.

Lastly, we examine the average performance for each of our 24 filter
values. The upper panel of Table 11 presents the estimation results not
corrected for transaction costs, while the lower panel contains results
computed under the assumption of 0.5 per cent cost incurred in each
transaction. Here, the inability of the filter rule technique to outperform the
buy-and-hold approach becomes even more evident. There is only one filter
value (0.50) with average return across the 11 securities higher than the

2" For example, with 0.5 percent transaction costs introduced into the calculations the number of
cases in which the filter rule outperforms the buy-and-hold strategy drops from 23 to 9, with 8 of the
cases produced by filter values in the range from 0.07 to 0.18.

2 We tried to figure out whether the performance of the filter rule has anything to do with the
number of missing values (i.e. the number of days with non-trading) for each individual security. BHC
has, for example, 367 missing values or 24.1 percent of all observations and is the security in our
sample with the highest number of missing values. The other two securities, PETHL and GAMZA, are
in the opposite extreme with only 18 and 140 missing values, respectively (1.2 percent and 9.2 per-
cent of all observations). Hence, we do not find convincing evidence that relates the frequency of
trading to the performance of the trading rules.



respective value for the buy-and-hold approach. This number grows to 5
when we take the average return for the long positions only. Yet, it is worth
noting that only half of the filter values produce positive average returns, with
none of the filter values being below 0.05. This confirms once more the idea
that the best filter values are in the middle range (in this case from 0.07 to
0.16) regardless of whether we take into account the transaction costs.

6. Conclusion

In this paper, we tried to examine the degree to which a young and small
capital market, the one in Bulgaria, was close to being weak-form efficient
during the period from late 2000 to late 2006. Using daily and weekly data
for a set of individual securities, a market index and two artificially
constructed portfolios, we discovered that standard statistical tests do not
entirely support the random walk model for the evolution of stock prices.
More specifically, we found significant first and higher order autocorrelations
in the asset returns, with the pattern more pronounced for daily than for
weekly data. Furthermore, there were several cases of significant first order
autocorrelation coefficients that change sign in the second sub-period of our
sample with respect to the first one. This suggests variability in the serial
correlation functions, which deserves further investigation, perhaps with a
Kalman filter model, which captures time variation in the underlying
parameters.

Estimates of variance ratios under the RW1 and RW3 null hypotheses also
revealed certain departures from the random walk with drift model. As
expected, the number of rejections under the RW3 hypothesis was
somewhat smaller, lending certain support to the conjecture that in broad
terms the market was not so far away from being efficient. Interestingly
enough, the test statistics revealed that the random walk hypothesis was
rejected less often for the individual securities than for the market index SOFIX
and the two artificial portfolios. Unfortunately, we could not compare this result
to those obtained in similar studies for other transition countries, as the other
studies used data on either market indices or on individual stocks only.

Our most surprising finding, however, was that the degree of weak form
efficiency of the Bulgarian Stock Exchange was higher in the earlier sub-
period (from October 2000 till October 2003), i.e. it seems that the market
diverged from the state of efficiency instead of converging to it. Yet, even if
that was the case, we could not find a filter rule approach to generate profits
superior to those of a simple buy-and-hold strategy. In other words, the lack
of support for the random walk model does not necessarily imply the
inefficiency of the price formation mechanism of the Bulgarian Stock Exchange.
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VARIANCE RATIOS FOR DAILY STOCK RETURNS

(RW1 NULL HYPOTHESIS)

Table 3

Number of
observations

Sample period

Number q of base observations aggregated to

form variance ratio

4 8 12 16
ALBHL
Oct 23, 2000 - Oct 20, 2003 749 0.92 0.80 0.75 0.75 0.75
(-2.23)*  (-2.86)* (-2.33)*  (-1.81)
(-1.58)
Oct 21, 2003 - Nov 23, 2006 776 1.15 1.42 1.65 1.83 1.96
(411 (6.27)*  (6.12)*  (6.13)" (6.08)*
Oct 23, 2000 - Nov 23, 2006 1525 1.01 1.04 1.09 1.15 1.19
(0.24) (0.8)  (1.15)  (1.59)  (1.73)
IHLBL
Oct 23, 2000 - Oct 20, 2003 749 0.90 0.92 1.02 1.05 1.04
(-2.69)* (1.12)  (0.16) (0.4)  (0.26)
Oct 21, 2003 - Nov 23, 2006 776 0.98 1.05 1.31 1.58 1.80
(-0.68) (0.8) (2.88)* (4.34)" (5.08)*
Oct 23, 2000 - Nov 23, 2006 1525 0.94 1.00 117 1.34 1.45
(2.21)* (0.1)  (2.26)*  (3.53)* (3.99)*
PETHL
Oct 23, 2000 - Oct 20, 2003 749 0.97 1.10 1.29 1.38 1.42
(-0.87) (1.5)  (2.66)* (2.77)" (2.64)*
Oct 21, 2003 - Nov 23, 2006 776 1.16 1.37 1.64 1.81 1.88
(437 (5.49)*  (6.05)* (6.04)" (5.59)*
Oct 23, 2000 - Nov 23, 2006 1525 1.1 1.32 1.56 1.72 1.78
(437)  (6.68)* (7.34)" (7.46)" (6.92)
DOVUHL
Oct 23, 2000 - Oct 20, 2003 749 0.91 0.72 0.62 0.55 0.53
(2.53)*  (4.09)" (3.47)° (3.32)° (2.91)
Oct 21, 2003 - Nov 23, 2006 776 1.15 1.33 1.51 1.57 1.61
(4.26)  (4.98)" (4.76)° (4.22) (3.86)
Oct 23, 2000 - Nov 23, 2006 1525 0.99 0.94 0.93 0.89 0.89
(-0.22) (131)  (0.97)  (1.2) (-1.02)
SFARM
Oct 23, 2000 - Oct 20, 2003 749 1.00 1.01 0.89 0.86 0.87
(-0.01) (0.11)  (0.98) (0.99) (-0.83)
Oct 21, 2003 - Nov 23, 2006 776 0.95 0.94 0.89 0.97 1.02
(-1.48) (0.84) (-1.01)  (0.2) (0.14)
Oct 23, 2000 - Nov 23, 2006 1525 1.00 1.00 0.89 0.86 0.86
(-0.16) (0.01) (1.5 (1.47) (-1.25)
LEV
Oct 23, 2000 - Oct 20, 2003 749 0.88 0.75 0.56 0.50 0.47
(3.38)*  (3.68)" (4.11)* (3.63)" (3.31)
Oct 21, 2003 - Nov 23, 2006 776 0.76 0.58 0.53 0.51 0.49
(6.81)*  (6.25)" (4.39)° (3.64) (3.2)
(continued)
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(continued)

Number of Number q of base observations aggregated to
Sample period observations form variance ratio
2 4 8 12 16
Oct 23, 2000 - Nov 23, 2006 1525 0.83 0.71 0.59 0.55 0.53
(6.82)*  (-5.99)*  (5.4)" (4.66)° (4.13)*
PET
Oct 23, 2000 - Oct 20, 2003 749 0.96 1.07 1.23 1.27 1.25
(-0.97) (1.08)  (2.15)  (1.96)  (1.57)
Oct 21, 2003 - Nov 23, 2006 776 0.81 0.70 0.64 0.58 0.57
(-5.25)* (4.4 (3.41)*  (3.13)" (-2.69)*
Oct 23, 2000 - Nov 23, 2006 1525 0.93 0.99 1.09 1.11 1.10
(-2.82)* (-0.3) (1.2) (1.1)  (0.86)
AFH
Oct 23, 2000 - Oct 20, 2003 749 0.99 1.02 0.83 0.56 0.42
(-0.33) (0.23)  (-1.54) (3.22)*  (:3.6)*
Oct 21, 2003 - Nov 23,2006 776 0.89 0.95 1.16 137 1.59
(-2.98)* (0.82)  (1.55) (2.77)* (3.75)*
Oct 23, 2000 - Nov 23, 2006 1525 0.95 0.99 0.94 0.84 0.82
(-1.78) (0.23)  (0.74)  (-1.69) (-1.57)
GAMZA
Oct 23, 2000 - Oct 20, 2003 749 0.94 0.79 0.66 0.60 0.59
(-1.55)  (3.01)* (3.11)* (2.91)" (-2.52)*
Oct 21, 2003 - Nov 23,2006 776 1.04 1.02 1.07 1.13 1.15
(1.03) (0.34) (0.7) (095  (0.92)
Oct 23, 2000 - Nov 23,2006 776 0.99 0.90 0.86 0.86 0.86
(-0.46) (2)*  (1.82)  (-1.49)  (-1.23)
ALB
Oct 23, 2000 - Oct 20, 2003 749 0.94 0.77 0.68 0.64 0.65
(-1.72)  (3.41)*  (2.96) (2.61)" (-2.19)*
Oct 21, 2003 - Nov 23,2006 776 0.94 1.01 1.20 1.40 1.49
(-1.58) (0.14)  (1.86) (2.96)* (3.07)*
Oct 23, 2000 - Nov 23, 2006 1525 0.94 0.86 0.87 0.93 0.96
(-2.4)% (3 (1.69) (0.73) (:0.33)
BHC
Oct 23, 2000 - Oct 20, 2003 749 1.08 1.18 137 1.43 1.39
(2.1 (263 (343 (3.12)  (2.44)*
Oct 21, 2003 - Nov 23,2006 776 0.98 1.01 1.13 1.15 1.16
(-0.69) (0.14)  (1.23)  (1.13)  (1.03)
Oct 23, 2000 - Nov 23, 2006 1525 1.05 1.13 1.31 1.36 1.34
(1.88)  (2.81)° (414 (3.79* (3.05)*
SOFIX
Oct 23, 2000 - Oct 20, 2003 749 0.87 0.83 0.77 0.73 0.74
(3.51)  (22.51)  (2.08)* (-1.99)* (-1.61)
Oct 21, 2003 - Nov 23,2006 776 1.20 1.41 1.65 1.83 1.88
(5.64)*  (6.08)* (6.13)* (6.19)  (5.6)*
Oct 23, 2000 - Nov 23, 2006 1525 0.91 0.89 0.87 0.85 0.87
(3.5 (219 (1.67)  (1.57)  (1.2)

(continued)




(continued)

Number of Number q of base observations aggregated to
Sample period observations form variance ratio
2 4 8 12 16
Equally-weighted portfolio

Oct 23, 2000 - Oct 20, 2003 749 1.07 1.20 1.50 1.61 1.65
(1.81)  (2.93)" (4.66)° (4.42)° (4.05)*
Oct 21, 2003 - Nov 23,2006 776 1.20 1.51 1.89 2.15 2.34
(5.6)*  (7.62)* (8.36)" (8.57)" (8.45)*
Oct 23, 2000 - Nov 23, 2006 1525 1.13 1.35 1.67 1.84 1.95
(5.05)* (7.2)°  (8.89) (8.79) (8.38)*

MarketCap-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.07 1.25 1.51 1.63 1.74
(1.95)  (3.61) (4.71)* (4.59)* (4.57)
Oct 21, 2003 - Nov 23,2006 776 1.02 1.15 1.31 1.44 1.54
(0.69) (2,19 (2.91)* (3.26)* (3.39)*
Oct 23, 2000 - Nov 23, 2006 1525 1.05 1.21 1.43 1.55 1.64

(2.08)*  (433)* (5.65) (5.69)" (5.71)*

Notes: Test statistic values in parenthesis.
*indicates significance at 5 per cent level.

Table 4
VARIANCE RATIOS FOR WEEKLY STOCK RETURNS
(RW1 NULL HYPOTHESIS)
Number of Number q of base observations aggregated to
Sample period observations form variance ratio
2 4 8 12 16

ALBHL
Oct 23, 2000 - Oct 20, 2003 749 0.93 0.89 1.10 1.15 0.99
(-0.85) (0.69)  (039)  (0.47) (:0.02)
Oct 21, 2003 - Nov 23,2006 776 1.09 1.27 1.82 2.29 2.68
(1.13) (1.79)  (3.46)*  (4.34)° (4.81)*
Oct 23, 2000 - Nov 23, 2006 1525 1.01 1.08 1.44 1.75 1.94
(0.19) (0.73) (261  (3.52)* (3.74)*

IHLBL
Oct 23, 2000 - Oct 20, 2003 749 1.04 0.97 0.65 0.44 0.52
(0.49) (0.2)  (1.46)  (-1.83) (-1.34)
Oct 21, 2003 - Nov 23,2006 776 1.41 2.02 2.87 3.58 4.30
(5.13)*  (6.85 (7.93)" (8.66)* (9.43)*
Oct 23, 2000 - Nov 23, 2006 1525 1.22 1.49 1.81 2.07 2.44
(3.86) (459 (4.78) (5.01)* (5.75)

PETHL
Oct 23, 2000 - Oct 20, 2003 749 1.14 1.11 1.00 0.89 0.85
(1.69) 0.71)  (0.01) (0.35) (-0.41)
Oct 21, 2003 - Nov 23,2006 776 1.24 1.31 1.75 2.25 2.58
(2.99)* 217 (3.2 (42)* (4.52)
(continued)
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(continued)

Number of
observations

Sample period

Number q of base observations aggregated to
form variance ratio

2 4 8 12 16
Oct 23, 2000 - Nov 23, 2006 1525 1.21 1.26 1.53 1.83 2.02
(3.64) (245  (3.14)* (3.9 (4.07)
DOVUHL
Oct 23, 2000 - Oct 20, 2003 749 0.94 0.74 0.69 0.65 0.64
(-0.74) (1.7)  (1.27)  (1.12)  (-1.01)
Oct 21, 2003 - Nov 23,2006 776 1.16 1.29 1.88 2.38 2.78
(2.07)* (1.95)  (3.76)°  (4.64)* (5.07)*
Oct 23, 2000 - Nov 23, 2006 1525 1.05 1.00 1.24 1.42 1.55
(0.85) (0.02)  (1.41)  (1.96)*  (2.2)F
SFARM
Oct 23, 2000 - Oct 20, 2003 749 0.90 0.92 1.05 1.21 1.36
(-1.24) (0.55)  (0.22)  (0.68)  (0.99)
Oct 21, 2003 - Nov 23,2006 776 0.98 1.14 1.22 1.07 0.93
(-0.21) (0.92)  (0.94)  (0.24) (-0.21)
Oct 23, 2000 - Nov 23, 2006 1525 0.90 0.91 1.02 1.13 1.21
(-1.82) (0.84)  (0.15)  (0.59)  (0.85)
LEV
Oct 23, 2000 - Oct 20, 2003 749 0.86 0.78 0.88 0.87 0.83
(-1.69) (1.47)  (052) (0.41) (0.48)
Oct 21, 2003 - Nov 23,2006 776 0.83 0.70 0.55 0.53 0.49
(217)* (204" (1.92)  (1.59)  (-1.45)
Oct 23, 2000 - Nov 23, 2006 1525 0.89 0.81 0.82 0.76 0.69
(-1.95) -1.75)  (1.1)  (1.11)  (-1.24)
PET
Oct 23, 2000 - Oct 20, 2003 749 1.14 1.14 1.18 1.38 1.66
(1.65) (0.93)  (0.76)  (1.25)  (1.84)
Oct 21, 2003 - Nov 23,2006 776 0.78 0.68 0.67 0.59 0.56
(-2.76)°  (-2.14)°  (-1.42)  (-1.36)  (-1.26)
Oct 23, 2000 - Nov 23, 2006 1525 1.07 1.06 1.10 1.25 1.47
(1.15) (054)  (061) (1.17)  (1.87)
AFH
Oct 23, 2000 - Oct 20, 2003 749 0.89 0.45 0.25 0.11 0.10
(135)  (3.56)*  (3.1)° (291 (2.5
Oct 21, 2003 - Nov 23,2006 776 1.20 1.69 2.56 3.22 3.66
(257 (462)* (6.62)* (745  (7.6)
Oct 23, 2000 - Nov 23, 2006 1525 0.99 0.87 1.01 1.12 1.24
(-0.13) (1.24)  (0.08)  (0.56)  (0.94)
GAMZA
Oct 23, 2000 - Oct 20, 2003 749 0.90 0.76 0.64 0.54 0.51
(-1.16) (1.56) (1.5 (1.51)  (-1.36)
Oct 21, 2003 - Nov 23,2006 776 1.07 1.04 1.44 1.77 2.10
(0.85) (0.28)  (1.86) (2.58)* (3.16)*
Oct 23, 2000 - Nov 23,2006 776 1.00 0.92 1.08 1.21 1.36
(-0.09) (0.76)  (0.47) (1) (1.45)
(continued)




(continued)

Number of
Sample period observations

Number q of base observations aggregated to

form variance ratio

2 4 8 12 16

ALB
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

BHC
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

SOFIX
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

Equally-weighted portfolio
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

MarketCap-weighted portfolio
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006

Oct 23, 2000 - Nov 23, 2006

Notes: Test statistic values in parenthesis.

749

776

1525

749

776

1525

749

776

1525

749

776

1525

749

776

1525

0.80
(-2.43)*
1.34
(4.31)
1.02
(0.37)

117
(2.07)*
111
(1.36)
1.15
(2.68)

0.88
(-1.47)
1.12
(1.5)
0.92
(-1.45)

1.21
(2.57)*
1.23
(2.94)*
1.22
(3.79)*

1.14
(1.69)
1.06
(0.79)
1.11
(1.87)

* indicates significance at 5 per cent level.

0.69 0.86 1.04 1.21
(2.03)*  (0.6)  (0.13)  (0.59)
1.48 1.90 219 2.52
(321 (3.84)* (3.98)* (4.34)
1.01 1.25 1.43 1.65
(0.09)  (1.48) (2.01)* (2.57)*

1.04 0.65 0.44 045
(0.26)  (-1.46) (-1.81) (-1.53)
1.20 1.55 1.91 2.24
(133) (232" (3.04)* (3.53)*
1.09 0.88 079  0.84
(0.81)  (0.73) (-0.98) (-0.63)

0.81 0.86 090 091
(-1.24)  (0.59)  (0.31) (-0.24)
1.21 1.30 1.18 1.08

(1.43)  (1.25)  (0.59)  (0.23)
0.87 0.92 0.92 0.93
(-1.22)  (0.48) (0.37) (-0.27)

1.30 1.58 208 254
(198 (2.39)*  (3.51)* (4.28)
1.51 2.24 284 332
(339" (5.25)* (6.16)* (6.61)*
139 1.88 236 278
(3.65  (5.23)* (635 (7.09)*

131 1.66 2.21 2.73
(2.01)  (2.71)  (3.94)* (4.81)*
1.21 1.55 174 195

(1.43)  (2.33)°  (2.49* (2.71)
1.26 1.59 1.95 2.33
(2.41)  (3.47)" (442 (5.31)
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VARIANCE RATIOS FOR DAILY STOCK RETURNS

(RW3 NULL HYPOTHESIS)

Table 5

Number of Number g of base observations aggregated to
Sample period observations form variance ratio
2 4 8 12 16
ALBHL
Oct 23, 2000 - Oct 20, 2003 749 0.92 0.80 0.73 0.73 0.72
(-1.73) (-1.73)  (-1.47)  (1.26) (-1.19)
Oct 21, 2003 - Nov 23,2006 776 1.15 1.41 1.62 1.78 1.89
(2.5 (3.57)*  (3.46)* (3.53)* (3.56)*
Oct 23, 2000 - Nov 23, 2006 1525 1.00 1.03 1.08 1.14 117
(0.13) (0.41)  (0.59)  (0.87)  (0.99)
IHLBL
Oct 23, 2000 - Oct 20, 2003 749 0.90 0.95 1.05 1.11 1.11
(-1.2) (-0.37)  (0.24)  (0.39)  (0.35)
Oct 21, 2003 - Nov 23,2006 776 0.99 1.07 1.32 1.59 1.79
(-0.18) (0.66)  (1.93) (2.87)* (3.35)
Oct 23, 2000 - Nov 23, 2006 1525 0.94 0.99 117 1.34 1.45
(-1.14) (0.07)  (1.24) (1.98)* (2.29)*
PETHL
Oct 23, 2000 - Oct 20, 2003 749 0.98 1.14 1.32 1.46 1.53
(-0.17) (0.7) (1.2)  (1.49)  (1.61)
Oct 21, 2003 - Nov 23,2006 776 1.16 1.37 1.62 1.77 1.82
(2.5 (3.16)*  (3.48)*  (3.53)"  (3.3)*
Oct 23, 2000 - Nov 23, 2006 1525 1.1 1.32 1.54 1.69 1.75
(202 (3.11)°  (3.61)* (3.85)* (3.69)
DOVUHL
Oct 23, 2000 - Oct 20, 2003 749 0.91 0.72 0.62 0.54 0.52
(-2.4)  (-3.48)F  (-22.85)*  (2.72)F (-2.42)*
Oct 21, 2003 - Nov 23,2006 776 1.16 1.33 1.48 1.53 1.55
7  (3.22)*  (3.18)*  (2.89)* (2.71)*
Oct 23, 2000 - Nov 23, 2006 1525 0.99 0.93 0.92 0.88 0.87
(-0.2) (-1.03)  (0.8) (0.97) (-0.87)
SFARM
Oct 23, 2000 - Oct 20, 2003 749 1.00 1.00 0.88 0.84 0.83
(-0.17) (-0.01)  (-1.44) (-1.06) (-0.87)
Oct 21, 2003 - Nov 23,2006 776 0.94 0.94 0.88 0.95 0.99
(-0.72) (-0.48)  (0.64) (0.22) (-0.04)
Oct 23, 2000 - Nov 23, 2006 1525 0.99 1.00 0.88 0.85 0.84
(-0.33) (0.1)  (1.5)  (-1.06) (-0.86)
LEV
Oct 23, 2000 - Oct 20, 2003 749 0.87 0.74 0.54 0.49 0.45
(3.11)%  (3.45)  (2.9)*  (-2.46)F (-2.24)*
Oct 21, 2003 - Nov 23,2006 776 0.75 0.67 0.65 0.63 0.62
(2.9 (231 (1.92) (1.81) (-1.73)
Oct 23, 2000 - Nov 23, 2006 1525 0.82 0.71 0.59 0.54 0.53
(-4.14)* (:3.96)*  (-3.47)* (-3.06)* (-2.79)*

(continued)



(continued)

Number of Number q of base observations aggregated to
Sample period observations form variance ratio
2 4 8 12 16
PET
Oct 23, 2000 - Oct 20, 2003 749 0.96 1.07 1.21 1.23 1.20
(-0.71) (0.7) (1.4)  (1.28)  (0.99)
Oct 21, 2003 - Nov 23,2006 776 0.81 0.70 0.63 0.57 0.56
(-2.88)* (265"  (2.3)° (-2.26)* (-2.05)*
Oct 23, 2000 - Nov 23, 2006 1525 0.93 0.98 1.08 1.09 1.08
(-1.68) (0.23)  (0.68)  (0.62)  (0.46)
AFH
Oct 23, 2000 - Oct 20, 2003 749 0.99 1.01 0.82 0.54 0.40
(0.32) (0.09) (1.12)  (-1.86) (-1.97)*
Oct 21, 2003 - Nov 23,2006 776 0.89 0.94 1.14 1.34 1.54
(-1.81) (0.56)  (0.88)  (1.71) (2.39)*
Oct 23, 2000 - Nov 23, 2006 1525 0.95 0.99 0.94 0.83 0.81
(-1.25) (0.23)  (0.53)  (0.99)  (0.9)
GCAMZA
Oct 23, 2000 - Oct 20, 2003 749 0.94 0.79 0.65 0.59 0.58
(-0.75) (-1.49)  (1.71)  (1.69)  (-1.55)
Oct 21, 2003 - Nov 23,2006 776 1.03 1.02 1.06 1.10 1.10
(0.59) (0.14)  (0.34)  (0.47)  (0.43)
Oct 23, 2000 - Nov 23,2006 776 0.99 0.90 0.85 0.84 0.84
(-0.26) (1.11)  (1.11)  (0.97) (0.85)
ALB
Oct 23, 2000 - Oct 20, 2003 749 0.93 0.76 0.67 0.62 0.62
(-1.35) (1.71)  (1.56)  (1.52)  (-1.39)
Oct 21, 2003 - Nov 23,2006 776 0.94 1.00 1.18 1.39 1.46
(-0.84) (0.03)  (1.01) (1.75)  (1.83)
Oct 23, 2000 - Nov 23, 2006 1525 0.94 0.85 0.87 0.92 0.95
(-1.57) (-1.49)  (0.91) (0.47) (0.28)
BHC
Oct 23, 2000 - Oct 20, 2003 749 1.07 1.18 137 1.43 1.39
(221 (2.79* (311 (247 (1.73)
Oct 21, 2003 - Nov 23,2006 776 0.97 1.00 1.11 1.12 1.12
(-0.52) (0.03)  (0.76)  (0.66)  (0.57)
Oct 23, 2000 - Nov 23, 2006 1525 1.05 1.13 1.30 1.35 1.32
(1.67)  (2.46)  (3.13)° (2.48)*  (1.82)
SOFIX
Oct 23, 2000 - Oct 20, 2003 749 0.87 0.82 0.77 0.72 0.73
(-1.43) (-1.24)  (1.26)  (-1.33)  (-1.15)
Oct 21, 2003 - Nov 23,2006 776 1.20 1.40 1.64 1.80 1.83
(3.09*  (3.56)* (3.85)° (3.91)* (3.52)
Oct 23, 2000 - Nov 23, 2006 1525 0.91 0.89 0.88 0.86 0.86
(-1.12) (0.85)  (0.76) (0.79)  (:0.65)
Equally-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.06 1.19 1.48 1.56 1.59
(1.77) (2.8)* (427  (3.75)° (3.23)*

(continued)
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Number of Number q of base observations aggregated to
Sample period observations form variance ratio
2 4 8 12 16
Oct 21, 2003 - Nov 23,2006 776 1.20 1.51 1.87 2.11 2.27
(357 (491  (5.6)* (5.9 (5.91)
Oct 23, 2000 - Nov 23, 2006 1525 1.13 1.34 1.66 1.82 1.91

(3.94*  (5.61) (7.02)* (6.91)* (6.52)*
MarketCap-weighted portfolio

Oct 23, 2000 - Oct 20, 2003 749 1.07 1.24 1.48 1.58 1.67
(1.86)  (3.43)* (429  (4.1)° (4.06)*
Oct 21, 2003 - Nov 23, 2006 776 1.02 1.14 1.30 1.41 1.49
(0.37) (1.33)  (1.93) (2.21)*  (2.3)*
Oct 23, 2000 - Nov 23, 2006 1525 1.05 1.20 1.42 1.53 1.61

(1.6)  (3.44)° (4.56)* (4.63)* (4.69)

Notes: Test statistic values in parenthesis.
* indicates significance at 5 per cent level.

Table 6
VARIANCE RATIOS FOR WEEKLY STOCK RETURNS
(RW3 NULL HYPOTHESIS)
Number of Number q of base observations aggregated to
Sample period observations form variance ratio
2 4 8 12 16

ALBHL
Oct 23, 2000 - Oct 20, 2003 749 0.92 0.87 1.02 1.12 1.13
(-0.54) (0.59)  (0.07)  (0.32) (0.32)
Oct 21, 2003 - Nov 23, 2006 776 1.08 1.23 1.68 2.04 2.28
(0.58) (1.06)  (2.1)*  (2.48)* (2.56)
Oct 23, 2000 - Nov 23, 2006 1525 1.01 1.06 1.38 1.64 1.78
(0.06) (0.39) (1.7)  (2.27)*  (2.33)*

IHLBL
Oct 23, 2000 - Oct 20, 2003 749 1.03 0.95 0.69 0.53 0.58
(0.25) (0.27)  (-1.21)  (-1.47)  (-1.13)
Oct 21, 2003 - Nov 23, 2006 776 1.39 1.97 2.69 3.25 3.80
(2.79)* (4.01)*  (4.98)* (5.49)* (5.89)*
Oct 23, 2000 - Nov 23, 2006 1525 1.21 1.47 1.74 1.95 2.24
(2.38)* (3.12)*  (3.39)*  (3.48)* (3.89)

PETHL
Oct 23, 2000 - Oct 20, 2003 749 117 1.24 1.08 0.89 0.81
(1.26) (1.15)  (0.28)  (-0.28)  (-0.43)
Oct 21, 2003 - Nov 23, 2006 776 1.23 1.27 1.62 1.98 2.16
(1.25) (0.91)  (1.55) (1.97)* (2.01)*
Oct 23, 2000 - Nov 23, 2006 1525 1.20 1.24 1.47 1.72 1.85
(1.47) (1.06)  (1.56)  (1.92) (1.96)*
(continued)



(continued)

Number of
Sample period observations

Number q of base observations aggregated to

form variance ratio

2 4 8 12 16

DOVUHL
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006

Oct 23, 2000 - Nov 23, 2006

SFARM
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

LEV
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

PET
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

AFH
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

CAMZA
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

ALB
Oct 23, 2000 - Oct 20, 2003

749

776

1525

749

776

1525

749

776

1525

749

776

1525

749

776

1525

749

776

776

749

0.96
(-0.52)
1.16
(1.46)
1.04
(0.66)

0.89
(-1.5)
0.97
(-0.18)
0.89
(-1.51)

0.85
(-0.88)
0.92
(-0.78)
0.88
(-1.13)

1.12
(1.3)
0.77
(-2.05)*
1.06
(0.74)

0.88
(-0.97)
1.19
(1.48)
0.99
(-0.14)

0.89
(-0.84)
1.05
(0.39)
0.99
(-0.12)

0.79
(-1.26)

0.73 0.65 0.60 0.56
(-134)  (-1.18)  (-1.16) (-1.14)
1.25 1.75 2.10 2.33
(136) (2.82)* (3.25)* (3.33)
0.98 1.19 1.34 1.43
(-0.14)  (0.96)  (1.38)  (1.53)

0.88 0.99 1.08 1.23
(-0.68)  (-0.05)  (0.28)  (0.68)
1.10 1.16 1.01 0.87
(0.42)  (0.46)  (0.03)  (0.3)
0.89 1.00 1.08 1.20
(-0.64)  (-0.01)  (0.27)  (0.63)

0.75 0.88 0.95 0.95
(-0.86)  (-0.27)  (0.1) (-0.08)
0.82 0.59 0.51 0.44
(-1.06)  (-1.58)  (-1.59) (-1.66)
0.80 0.81 0.80 0.77
(-1.14)  (0.71)  (0.63) (0.67)

1.10 1.08 1.20 1.39
(0.62)  (0.27) (0.5)  (0.83)
0.66 0.63 0.54 0.49
(1.75)  (-122)  (1.24)  (-1.2)
1.04 1.06 117 1.34
(0.28)  (0.23) (0.51) (0.88)

0.44 0.23 0.15 0.12
(127)  (1.2)  (1.19) (-1.16)
1.63 2.36 2.83 3.05
(2.55)*  (3.67)* (4.01)* (3.88)
0.85 0.97 1.09 1.15
(-0.49)  (-0.06)  (0.17)  (0.29)

0.74 0.59 0.47 0.42
(-122)  (131)  (1.4) (-1.35)
1.00 1.33 1.57 1.78
(0.01)  (0.94) (1.27)  (1.48)
0.90 1.04 1.14 1.25
(-0.61)  (0.15)  (0.45)  (0.69)

0.66 0.79 0.93 1.07
(-1.28)  (0.59) (0.18)  (0.17)
(continued)

S¥3dvVd NOISSNOSIda

43



DP/71/2009

I~
I~

(continued)

Number of Number q of base observations aggregated to

Sample period observations

form variance ratio

2 4 8 12 16

Oct 21, 2003 - Nov 23,2006 776 1.33
(2.31)*
Oct 23, 2000 - Nov 23, 2006 1525 1.02
(0.14)
BHC
Oct 23, 2000 - Oct 20, 2003 749 117
(1.48)
Oct 21, 2003 - Nov 23,2006 776 1.10
(0.62)
Oct 23, 2000 - Nov 23, 2006 1525 1.15
(1.57)
SOFIX
Oct 23, 2000 - Oct 20, 2003 749 0.87
(-1.02)
Oct 21, 2003 - Nov 23,2006 776 1.11
(0.98)
Oct 23, 2000 - Nov 23, 2006 1525 0.91
(-0.81)
Equally-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.19
(2.18)*
Oct 21, 2003 - Nov 23,2006 776 1.22
(1.67)
Oct 23, 2000 - Nov 23, 2006 1525 1.21
(2.51)*
MarketCap-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.12
(1.59)
Oct 21, 2003 - Nov 23,2006 776 1.05
(0.5)
Oct 23, 2000 - Nov 23, 2006 1525 1.10
(1.57)

Notes: Test statistic values in parenthesis.
* indicates significance at 5 per cent level.

1.46 1.78 1.94 2.13
(1.98)*  (221)*  (2.1)* (2.15)*
0.99 1.20 1.35 1.53
(-0.04)  (0.79)  (1.15)  (1.54)

1.04 0.65 0.55 0.53
(0.18)  (0.92) (-1.01) (-0.98)

1.16 1.43 1.73 1.94
(0.6) (1.18)  (1.65) (1.82)
1.07 0.84 0.80 0.81
(037) (0.54) (-0.56) (-0.48)

0.78 0.80 0.81 0.83
(-1.08)  (-0.74) (-0.6) (-0.47)
1.17 1.20 1.07 0.93
(0.87) (0.68)  (0.18) (-0.15)
0.86 0.88 0.86 0.86
(-0.84)  (0.51)  (-0.49) (-0.44)

1.25 1.49 1.89 235
(1.55)  (1.89) (2.68)  (3.5)*
1.45 2.07 250 277
(2.06)*  (3.29)° (3.65) (3.68)"
1.36 1.81 2.21 2.55
(257 (3.79)F  (4.46)* (4.88)

1.26 1.57 200  2.51
(1.79) (235  (3.18)*  (4.06)*
1.17 1.44 1.54 1.63
(0.91)  (1.44)  (1.41) (1.42)
1.23 1.54 1.85 2.19
(2.02)*  (2.82)°  (3.43)" (4.14)*




Panel A: Summary of the results related to the autocorrelation coefficients

Table 7
SUMMARY OF THE TEST STATISTICS PRESENTED IN SECTION 5.1

Sample period p1 p2 p3 p4 p1 p2 pP3 p4 |
Number of sign reversals in r across sub-periods (per cent)
- daily data 6 5 2 4 429 35.7 14.3 28.6
- weekly data 7 4 8 7 50.0 28.6 57.1 50.0
Number of larger r in the second sub-period as (per cent)
compared to the first one
- daily data 9 6 7 8 64.3 42.9 50.0 57.1
- weekly data 7 6 8 7 50.0 429 57.1 50.0
Panel B: Number of statistically significant Box - Pierce, Q-statistics
Sample period Number Q4 Q8 Q12 Q4 Q8 Q12
of observations
Daily data (per cent)
Oct 23,2000 - Oct 20, 2003 749 12 13 12 85.7 929 85.7
Oct 21, 2003 = Nov 23, 2006 776 9 13 11 643 929 78.6
Oct 23, 2000 - Nov 23, 2006 1525 11 11 11 78.6 78.6 78.6
Weekly data (per cent)
Oct 24, 2000 - Oct 21, 2003 149 5 5 3 35.7 357 21.4
Oct 22, 2003 = Nov 21, 2006 158 5 11 11 35.7 786 78.6
Oct 24, 2000 - Nov 21, 2006 307 5 8 10 357 57.1 71.4
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Table 8
SUMMARY OF THE TEST STATISTICS PRESENTED IN SECTION 5.2

Panel A: Summary data for the tests of the RW1 null hypothesis
Number of times RW1 hypothesis rejected (out of 14 possible cases)

Sample period Number g of Number q of
base observations base observations
aggregated to aggregated to
form variance ratio form variance ratio
2 4 8 12 16 2 4 8 12 16
daily data weekly data
Oct 23, 2000 - Oct 20, 2003 6 9 11 10 9 3 4 3 3 3
Oct 21, 2003 - Nov 23, 2006 8 8 9 11 11 8 7 9 10 10
Oct 23, 2000 - Nov 23, 2006 8 8 6 6 6 4 4 5 7 7

Number of reversals of the value of the VR statistics with respect to 1 across sub-periods

daily data weekly data

6 8 7 7 8 7 8 7 7 9

Panel B: Summary data for the tests of the RW1 null hypothesis
Number of times RW3 hypothesis rejected out (of 14 possible cases)

Sample period Number q of Number q of
base observations base observations
aggregated to aggregated to
form variance ratio form variance ratio
2 4 8 12 16 2 4 8 12 16
daily data weekly data
Oct 23, 2000 - Oct 20, 2003 3 5 5 5 5 1 0 1 2 2
Oct 21, 2003 - Nov 23, 2006 7 7 6 8 9 3 4 6 7 7
Oct 23, 2000 - Nov 23, 2006 3 5 5 6 5 2 3 3 4 5
Number of reversals of the value of the VR statistics with respect to 1 across sub-periods
daily data weekly data
6 7 7 7 7 7 8 8 8 7




Table 9

RATES OF RETURN BEFORE COMMISSIONS UNDER THE FILTER
RULE (F) AND BUY-AND-HOLD STRATEGY (B)

Filter size
Stocks 0.005 0.01 0.015 0.02 0.025 0.03
F B F B F B F B F B F B
ALBHL -0.124 0.409 -0.112 0.408 -0.018 0.421 -0.061 0.418 0.096 0.424 0.243 0.422
IHLBL -0.791 0.568 -0.794  0.545 -0.642 0.547 -0.617 0548 -0.602 0.565 -0.402 0.546
PETHL 0376 0344 0.262 0360  0.311 0366  0.267 0370 0.239 0.363 0.203 0.361
DOVUHL -0.371 0370 -0.345 0.372 0209 0.386 -0.247 0387 -0.216 0385 -0.213 0.378
SFARM n.a. 1.208 n.a. 1.209 n.a. 1.210 n.a. 1.210 na. 1.210 na. 1.210
LEV -0.402 0.166  -0.402 0.178 -0.430 0.184 -0.384 0.179 -0.424 0.179 -0.363 0.182
PET -0.999 0611 -1.034  0.605 -1.050 0.602 -1.027 0.604 -0.925 0.603 -0.984 0.609
AFH -0.575 0371  -0.506 0373 -0.537 0367 -0.484 0372 -0.522 0.373 -0.435 0.382
GAMZA 0.008 0.186 0073 0.186 0.217 0.182  0.242 0.188 0.212 0.190 0.104 0.191
ALB -0.248 0.432 -0.207 0.433  -0.092 0.434  -0.194 0.440 -0.322 0.441 -0.252 0.441
BHC 0.286  0.305 0.202 0307  0.420 0327 0429 0334 0286 0.322 0358 0.311
Sofix 0.063 0.404  0.017  0.402 0.049  0.401 0.122 0.402 0.045 0.403 0.013 0.404

Note: n.a. is used to denote cases where daily return can not be calculated (it happens when while
having a short possition we incur a loss of more than 100 per cent).

Filter size

Stocks 0.035 0.04 0.045 0.05 0.06 0.07

F B F B F B F B F B F B
ALBHL 0.215  0.405 0.243  0.406  0.305 0.407  0.211 0.399 0.127 0.416 0.186 0.438
IHLBL -0.369  0.554 -0.324  0.551 -0.024 0.709 -0.071 0.711 -0.017 0.694 0.237 0.722
PETHL 0.249 0368 0.240 0369  0.183 0.371 0.146  0.369 0.252 0333 0.337 0.336
DOVUHL -0.255 0.379 -0.199 0.382 -0.109  0.391 -0.041 0.387 -0.005 0.381 0.001 0.368
SFARM n.a. 1.210 n.a. 1.212 n.a. 1.214 n.a. 1.216 na. 1.243 na. 1.245
LEV -0.414 0.181 -0.295 0.178 -0.145 0.173  -0.105 0.198 -0.096 0.205 -0.061 0.204
PET -0.949 0.611 -0.857 0614 -0.755 0610 -0.480 0.603 -0.129 0.592 -0.110 0.583
AFH -0.413 0372 -0.454 0371 0388 0373 -0.326 0378 -0.239 0371 -0.188 0.424
GAMZA 0.080  0.195 0.024  0.191 0.043 0.187 -0.030  0.234 -0.038 0.228 -0.221 0.222
ALB -0.151 0.442 -0.092 0.441 -0.051 0.459  0.220  0.519 0.275 0.512 0.269 0.489
BHC 0.360  0.308  0.422 0318 0370 0305 0438 0309 0346 0.309 0.521 0.320
Sofix -0.023 0.417 -0.1170  0.407 -0.017 0.408 0.080  0.409 0.022 0.410 0.271 0.499

(continued)
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(continued)

Filter size
Stocks 0.08 0.09 0.1 0.12 0.14 0.16

F B F B F B F B F B F B

ALBHL 0.051 0.577 0.100  0.545 0.171 0.537  0.120 0.538 0.360 0.598 0.757 0.708
IHLBL 0.299 0.733 0.409  0.747 0.645 1.046  0.497 0.965 0.746 0.987

PETHL 0.288  0.332 0.545 0.650 0.636 0.670 0.564 0.649 0.738 0.597 0.377 0.525
DOVUHL -0.048  0.509 0.001 0.485 -0.103 0.488  -0.225 0.493 0.057 0.560 0.190 0.606

SFARM na. 1370 na. 1377 na. 1364 na. 1518 0374 0617 0266 0.825
LEV 0017 0202 -0041 0211 -0028 0210 -0052 0220 -0.825 0.008
PET 0.059 0568 -0.278 0583 0214 0592 0067 0585 0.137 0583 0.166 0.541
AFH 0101 0421 0113 0420 -0.094 0484 -0.053 0548  na 1201 0248 0294
GAMZA 0185 0228 -0.176 0226 -0.037 0233 0064 0251 -0318 -0.407
ALB 0298 0618 0335 0660 0294 0643 0337 0629 0436 0.607
BHC 0390 0310 0426 0321 0398 0305 0377 0301 0.148 0293 -0.021 0.240
Sofix 0.220 0498 0091 0508 0.155  0.505

Filter size
Stocks 0.18 0.2 0.25 0.3 0.4 0.5

ALBHL

IHLBL

PETHL 0.413 0.342

DOVUHL

SFARM 0.143 0.833 0.338  0.827 -0.593 0.798  0.434 0.787 -0.016 0.940 0.249 -0.249
LEV

PET 0.114  0.560 0.195 0.555 0.373 0.540
AFH

GAMZA

ALB

BHC -0.132 0.283  -0.050 0.233  -0.845 0.171

Sofix



Table 10

ANNUAL RATES OF RETURN BY SECURITY: AVERAGED OVER ALL
FILTER VALUES

Average Average
Average Return Return Average
Stocks Return Filter Filter Return  Profitable ~ Superior Active
Filter (long (short Buy-and- Filters Filters Filters
positions)  positions) hold
ALBHL 0.160 0.619 -0.348 0.471 14 1 18
IHLBL -0.107 0.489 -0.867 0.691 6 0 17
PETHL 0.349 0.967 -0.071 0.425 19 4 19
DOVUHL -0.130 0.286 -0.651 0.428 4 0 18
SFARM n.a. 0.439 n.a. 1.067 6 1 24
LEV -0.262 -0.132 -0.483 0.180 1 0 17
PET 0.419 0.139 -1.179 0.588 6 0 21
AFH n.a. 0.141 n.a. 0.439 1 0 18
GAMZA 0.004 0.219 -0.185 0.171 10 4 17
ALB 0.050 0.451 -0.589 0.508 8 0 17
BHC 0.244 0.574 0.173 0.297 17 13 21
Sofix 0.066 0.391 -0.536 0.432 12 0 15
Average: 8.4 2.1 18.8

Note: n.a. is used to denote cases where daily return can notbe calculated (it happens when while
having a short possition we incur a loss of more than 100 per cent). Averages are calculated exclud-
ing the index SOFIX (as it is not tradable directly).
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Table 11

ANNUAL RATES OF RETURN BY FILTER: AVERAGED OVER ALL

SECURITIES
Panel A: no transaction costs
Filter size
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Average return filter -0.284 -0.286 -0.203 -0.208 -0.218 -0.174 -0.165 -0.129
Average return filter (long) 0.140 0.155 0.241 0.255 0.224 0.266 0.277 0.307
Average return filter (short) -0.641 -0.641 -0.572 -0.590 -0.586 -0.554 -0.541 -0.543
Average return (buy-and-hold) 0.452 0.452 0.457 0.459 0.459 0.458 0.457 0.458
Profitable securities 4 4 4 4 5 5 4 4
Average number of transactions 476.8 367.0 287.4 246.6 2129 1823 161.5 141.2
Filter size
0.045 0.05 0.06 0.07 0.08 0.09 0.1 0.12
Average return filter -0.057 -0.004 0.048 0.097 0.095 0.121 0.167 0.170
Average return filter (long) 0.376 0.422 0.468 0.509 0.523 0.524 0.622 0.572
Average return filter (short) -0.488 -0.453 -0.393 -0.353 -0.418 -0.488 -0.466 -0.542
Average return (buy-and-hold) 0.473 0.484 0.480 0.487 0.534 0.566 0.597 0.670
Profitable securities 4 5 5 7 7 7 6 7
Average number of transactions 120.1 104.7 83.1 66.7 56.8 50.8 42.5 306
Filter size
0.14 0.16 0.18 0.2 0.25 0.3 0.4 0.5
Average return filter 0.185 0.283 0.134 0.161 -0.355 0.434 -0.016 0.249
Average return filter (long) 0.412 0.652 0.538 0.496 0.122 1.159 0.783
Average return filter (short) -0.421 -0.447 -0.611 -0.642 -1.561 -0.374 -1.200 0.249
Average return (buy-and-hold) 0.564 0.534 0.505 0.538 0.503 0.787 0.940 -0.249
Profitable securities 8 6 3 2 1 1 1
Average number of transactions  20.7 17.1 18.0 18.0 7.3 3.0 3.0 1.0
Panel B: 0.05 per cent transaction costs
Filter size
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Average return filter -0.786 -0.682 -0.513 -0.476 -0.448 -0.372 -0.343 -0.285
Average return filter (long) -0.594 -0.441 -0.214 -0.141 -0.112 -0.016 0.018 0.083
2 Average return filter (short) -0.956 -0.886 -0.766 -0.759 -0.729 -0.679 -0.654 -0.648
3 Average return (buy-and-hold) 0.450 0.451 0.456 0.458 0.459 0.457 0.456 0.457
= Profitable securities 2 2 2 3 3 3
a Average number of transactions 476.8 367.0 287.4 246.6 2129 1823 161.5 141.2
(continued)

O
o




(continued)

Filter size
0.045 0.05 0.06 0.07 0.08 0.09 0.1 0.12
Average return filter -0.19 -0.13 -0.05 0.02 0.02 006 0.11 0.12
Average return filter (long) 0.19 0.26 034 041 045 046 057 0.52
Average return filter (short) -0.58 -0.54 -0.46 -0.41 -0.47 -0.54 -0.52 -0.59
Average return (buy-and-hold) 0.47 048 048 049 053 057 060 0.67
Profitable securities 3 4 4 6 5 6 6 7
Average number of transactions  120.1 104.7 83.1 66.7 56.8 50.8 42.5 30.6
Filter size
0.14 0.16 0.18 0.2 0.25 0.3 0.4 0.5
Average return filter 0.144 0.245 0.102 0.133 -0.392 0.418 -0.036 0.236
Average return filter (long) 0.390 0.614 0.504 0.470 0.089 1.147 0.771
Average return filter (short) -0.468 -0.489 -0.646 -0.675 -1.611 -0.395 -1.231 0.236
Average return (buy-and-hold) 0.439 0.531 0.502 0.536 0.500 0.787 0.940 -0.250
Profitable securities 8 6 3 2 1 1 1
Average number of transactions  20.7 17.1 18.0 18.0 7.3 3.0 3.0 1.0

S¥3dvVd NOISSNOSIda

51



DP/71/2009

[y |
o

APPENDIX 2

SAMPLE SELECTION PROCEDURE AND SAMPLE COMPOSITION

At the time when we began selecting our sample of stocks (in November
2006), there were some 314 companies listed for trading on the Bulgarian
Stock Exchange and not in the state of bankruptcy or liquidation”*. Out of these
314 stocks, 202 had been listed for trading before the beginning date of the
sample period (October 20, 2000). Potentially, our sample could have included
all of these 202 stocks. Unfortunately, most of them were traded only rarely, so
they could not provide enough information for the underlying price processes.

In order to solve the problem with the infrequent trading, we estimated
and analyzed the fraction of days throughout the sample period, in which
there was no trading with each of the 202 individual securities. The problem
turned out to be quite severe, so we had to strike a very delicate balance
between having enough stocks in our sample and not running into the need
to impute too many missing price observations”’. We tried several thresholds
for the fraction of the missing price observations and at the end selected the
value of 25 per cent®. With this criterion in place, only 11 companies
qualified to become part of our sample. The overall number of missing
observations for the whole sample stood at 2446, i.e. some 14.6 per cent of
the total (see tables A1.1. and A1.2. below for further details).

Table A1.1

NUMBER OF MISSING VALUES IN THE SAMPLE UNDER
DIFFERENT THRESHOLD LEVELS

5% 10% 15% 20% 25% 30%
Before 20.10.2003 18 246 813 1033 2265 2265
After 20.10.2003 0 7 8 50 181 181
Whole sample 18 253 821 1083 2446 2446
Number of companies
satisfying the criterion 1 3 6 7 11 11

*There were also several companies that were listed for trading on the BSE, but no deal was ever
done with their shares. These were also not included in the 314 companies that we used in selecting
our final sample.

We realized that imputing missing price observations could distort the underlying price evolution
process and in this way introduce bias in the test statistics we calculate.

%*No individual stock, which was not traded in at least 75 per cent of the trading days on BSE, was
eligible to be included in the sample.



Table A1.2

PERCENTAGE MISSING VALUES IN THE SAMPLE UNDER
DIFFERENT THRESHOLD LEVELS

5% 10% 15% 20% 25% 30%

Before 20.10.2003 2.4% 10.9% 18.1% 19.7%  27.5%  27.5%
After 20.10.2003 0.0% 0.3% 0.2% 0.9% 2.1% 2.1%
Whole sample 1.2% 5.5% 9.0% 10.1%  14.6%  14.6%
Number of companies

satisfying the criterion 1 3 6 7 11 11

The 11 stocks that met the sample selection criterion are listed in Table
A1.3. Most of them belong to the group of the mass (voucher) privatization
funds, established in 1996 and later transformed into holding companies,
listed on BSE.

Table A1.3
COMPANIES SELECTED IN THE SAMPLE
Ticker Company name Industry
ALBHL Albena Invest Holding AD-Albena Holding company (tourism)
IHLBL Industrial Holding Bulgaria PLC-Sofia Holding company
PETHL Synergon Holding AD-Sofia Holding company (fuels)
DOVUHL Doverie United Holding PLC-Sofia Holding company
SFARM Sopharma AD-Sofia Pharmaceuticals
LEV Zlaten Lev AD-Sofia Holding company
PET Petrol AD-Sofia Fuels
AFH Favorit Hold AD-Sofia Holding company
GAMZA Severcoop Gamza Holding AD-Sofia Holding company
ALB Albena AD-Albena Tourism
BHC Bulgarian Holding Company AD-Sofia Holding company

After narrowing down the sample to 11 companies, we faced the issue of
how to cope with the missing values in order to be able to estimate
autocorrelation functions and the other test statistics. We used the following
two methods for imputing missing price observations:

1) Method 1: based on the assumption that the price of a stock can
change only if a transaction is concluded. Hence, in days when there is no
trading with the stock, the price remains the same as its last observed value;

2) Method 2: features linear interpolation of the missing values between
any two available price observations;
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APPENDIX 3

TECHNICAL NOTES ABOUT SOME OF THE TEST STATISTICS
EMPLOYED

In this Appendix, we present in detail some of the test statistics, which we
use to test the weak-form efficiency of the BSE, and their sampling properties.
In doing this, we entirely follow the exposition of Lo and MacKinlay (1988) -
the paper where these test statistics were originally presented.

Autocovariances and Autocorrelations:
The autocorrelation coefficient is a natural time-series extension of the
well-known correlation coefficient between two random variables x and y.

Covix, Y]

Nar[x] Varly]

Given a covariance-stationary time series {r }, the k-th order autocovariance
and autocorrelation coefficients, y(k) and p(k), respectively are defined as

follows:
7(K) =CoMr,, 1]
COV[ r’[ ’ rt+k] _ COV[ rt ’ r.’[+k:| — y(k)

Narr]NVarlr, ] Narli] — 7(0)

Where the second equality in the last equation follows from the
covariance-stationarity of {r/). For a given sample, auto covariance and
autocorrelation coefficients may be estimated in the natural way by replacing
population moments with sample counterparts:

yk)== Z(r 1) —11),0<k<T

Corr[x,y] =

p(k)=

(k) = y(K)
?(0)

E?Z

t=1

=

I

The sampling theory for;(k) and ;A/(k) depends on the datagenerating
process for {r . For more details, please refer to Campbell, Lo and MacKinlay
(1997), Chapter 2.



Box - Pierce Q-Statistic
The Box-Pierce (1970) Q-Statistic also known as Portmanteau Statistic is
defined as:

Q=T P*(K)

Under the RW1 null hypothesis, this test statistic is asympothically
distributed as /”Lmz.

Variance Ratio statistic to test for RW1:

Let p, denote the log price process and r = p, - p_, continuously
compounded returns.

The null hypothesis that corresponds to RW1 can be stated as:

H,: r,=u+¢g, &~11DN(O,0)

Let our sample consist of nq + 1 observations {p,, p,, ..., pnq} where q is
any integer greater than one. The following estimators should be defined:

=3 (= D) = (P )
M ng &= P« — Pxa ng Prg — Po

/\2 1 nq A 5
o, =— ) (P — P~ 1)
nq; «— Pes

A 1 n A
o (q) =n—qZ(qu — Pyeq —A4)*
k=1

A /\2
VR(q) = 29
0_2

a

In order to improve the finite sample properties of this test statistic, Lo and
MacKinlay propose two important refinements. The first is to use overlapping
g-period returns in estimating the variances by defining the following
alternative estimator for c,:

A 1 ng A
Gf(q)=n—q22(pk— Peg— L)’

k=q
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This estimator contains ng-g+1 terms, whereas the estimatoro%(q) contains
only n terms. Using overlapping g-period returns yields a more efficient
estimator and hence a more powerful test.

The secondA refinement involves correcting the bias in the variance
estimators of ¢ and 0Z(q) before dividing one by the other. Denote the
unbiased estimators as o and Ei(q), where:

Oa=

ng— 1Z(pk P — ,U)

Ei(Q)— Z(pk Peq— q,u)

Micq

m= q(nq—q+1)(1—ij
nq

Consequently the test statistic becomes:
2

T L e (@)
VR(Q) =—;
Oa
Under the null hypothesis H,, the asymptotic distribution of the variance
ratio is given by:

\/n_q(\ﬁ(q) _1) i N [O, 2(2q_1)(q_1)j

3q

On the basis of this asymptotic distribution, Lo and MacKinlay define the
following standardized test statistic:

w(q)zﬁﬁ(q)—l)[z(zq 32(" ”j “N(0.1)

Variance Ratio statistic to test for RW3:
The standardized test statistic used under the RW3 null hypothesis is

defined as follows:
JnaOR@ -3 * o

v (q) =
o




Where
A g-1 k 2 A
H(q)z4z 1-—| 6,
=\ g

3 nqzr;ikﬂ(pj - pj—l_/u)z(pj—k - pj—k—l+:u)2
- 2
[ZTZl(pj - pj_l_ﬂ)2:|

Filter rule test procedure:

Here, we cite the definition of the filter rule test statistic as provided by
Fama and Blume (1966), p. 232:

In applying the filter technique, the data determine whether the first
position taken will be long or short. With an x per cent filter, an initial position
is taken as soon as there is an up-move or a down-move (whichever comes
first) where the total price change is equal or greater than x per cent. The
position is assumed to be taken on the first day for which the price change
equals or exceeds the x per cent limit. Any positions open at the end of the
sampling period are disregarded. Thus only completed transactions are
included in the calculations.

5

The closing price on the day a position is opened defines a reference
price: a peak in the case of a long transaction and a trough in the case of a
short transaction. On each subsequent day it is necessary to check whether
the position should be closed, i.e. whether the current price is x per cent
below the reference (peak) price in a long position or x per cent above the
reference (trough) price if the open position is short. If the current position is
not to be closed, it is then necessary to check whether the reference price
must be changed. In a long position this will be necessary when the current
price exceeds the reference price so that a new peak has been attained,
whereas in a short position a new trough will be defined when the current
price is below the reference price. Of course, when the reference price
changes all subsequent testing uses the new value as base.

On ex-dividend days the reference price is adjusted by adding back the
amount of the dividend. Such an adjustment is necessary in order to insure
that the filter will not be triggered simply because the stock's price typically
falls on an ex-dividend date. In addition, if a split occurs when a position is
open, the price of the security subsequent to the split is adjusted upward by
the appropriate factor until the position is closed.
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Table A3.3

VARIANCE RATIOS FOR DAILY STOCK RETURNS

(RW1 NULL HYPOTHESIS)

Sample period

Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16

ALBHL
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

IHLBL
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

PETHL
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

DOVUHL
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

SFARM
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006
Oct 23, 2000 - Nov 23, 2006

LEV
Oct 23, 2000 - Oct 20, 2003

Oct 21, 2003 - Nov 23, 2006

Oct 23, 2000 - Nov 23, 2006

749 0.92 0.84 0.83 0.85 0.85
(229 (232 (1.61)  (1.12)  (0.96)

776 1.15 1.42 1.65 1.83 1.96
(4117 (627)*  (6.12)*  (6.13)* (6.08)*

1525 1.01 1.08 117 1.25 1.30
(0.53) (1.73) (219 (2.57)*  (2.64)*

749 0.95 1.02 1.18 1.25 1.26
(-1.43) 03) (1.67) (1.81) (1.59)

776 0.98 1.05 1.31 1.58 1.80
(-0.68) (0.8) (2.88)" (434)° (5.08)F

1525 0.97 1.04 1.26 1.45 1.58
(-1.29) 0.91)  (3.37)* (4.67)* (5.15)*

749 0.99 1.12 1.34 1.44 1.49
(-0.15) (1.81)  (3.13)*  (3.23)* (3.07)*

776 1.16 1.37 1.64 1.81 1.88
(437 (5.49)*  (6.05)° (6.04)* (5.59)*

1525 1.12 1.33 1.58 1.74 1.81
(477 (6.89) (7.6 (7.72)* (7.16)*

749 0.97 0.84 0.76 0.67 0.66
(0.85)  (2.35)*  (2.24)* (239 (-2.13)*

776 1.15 1.33 1.51 1.57 1.61
(4.26)  (4.98)* (4.76) (4.22)* (3.86)*

1525 1.05 1.05 1.06 1.03 1.03
(1.86) (1.05)  (0.85) (0.27)  (0.25)

749 1.23 1.55 1.72 1.87 2.07
(63 (8.01)* (6.7 (631) (6.64)*

776 0.94 0.95 0.90 0.98 1.03
(-1.59) (0.74)  (0.96) (0.14)  (0.19)

1525 1.18 1.45 1.58 1.71 1.88
(719 (939 (7.7 (739 (7.79)*

749 0.94 0.85 0.78 0.71 0.66
(-1.53) (2220 (2.03)*  (2.12)* (2.11)*

776 0.76 0.58 0.53 0.51 0.49
(6.81)*  (6.25)* (4.39)" (3.64)* (3.2)*

1525 0.84 0.75 0.71 0.66 0.64
(6.1 (5.18)* (-3.88)* (3.5 (3.16)*
(continued)



(continued)

Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
PET
Oct 23, 2000 - Oct 20, 2003 749 1.01 1.15 137 1.51 1.54
(0.16) (2.22)*  (3.41)*  (3.75)* (3.33)
Oct 21, 2003 - Nov 23, 2006 776 0.82 0.71 0.64 0.59 0.59
(5.06)* (435  (:3.36)*  (3.03)* (2.58)*
Oct 23, 2000 - Nov 23, 2006 1525 0.95 1.01 1.14 1.23 1.25
(-2.06)* 0.29)  (1.91) (2.4 (2.22)*
AFH
Oct 23, 2000 - Oct 20, 2003 749 1.38 1.68 1.34 0.86 0.65
(10.5)* (9.95)  (3.12)*  (-1.06) (-2.18)*
Oct 21, 2003 - Nov 23, 2006 776 0.89 0.96 1.18 1.39 1.62
(-2.96)* (0.58)  (1.72)  (2.93)* (3.92)*
Oct 23, 2000 - Nov 23, 2006 1525 1.12 1.29 1.25 1.14 117
(4.72)* (6.1 (33  (1.47) (1.47)
GAMZA
Oct 23, 2000 - Oct 20, 2003 749 0.91 0.82 0.73 0.67 0.67
(2.42)* (2259 (22.53)*  (2.41)* (2.07)*
Oct 21, 2003 - Nov 23, 2006 776 1.04 1.02 1.07 1.13 1.15
(1.06) (0.34) (0.7)  (0.95)  (0.92)
Oct 23, 2000 - Nov 23, 2006 776 0.98 0.93 0.91 0.91 0.92
(-0.88) (1.52)  (-1.22)  (0.94) (-0.73)
ALB
Oct 23, 2000 - Oct 20, 2003 749 1.00 0.94 0.84 0.81 0.82
(0.01) (0.95)  (-1.46)  (-1.39)  (-1.1)
Oct 21, 2003 - Nov 23, 2006 776 0.93 1.02 1.22 1.43 1.52
(-1.84) (0.28)  (2.09) (3.18)* (3.26)*
Oct 23, 2000 - Nov 23, 2006 1525 0.97 0.97 1.00 1.08 1.13
(-1.17) (0.65)  (0.06)  (0.85)  (1.11)
BHC
Oct 23, 2000 - Oct 20, 2003 749 1.38 1.91 2.48 2.63 2.51
(10.51)*  (13.33)* (13.67)* (11.86)*  (9.4)*
Oct 21, 2003 - Nov 23, 2006 776 0.98 1.01 1.13 1.15 1.16
(-0.66) (0.13)  (1.23)  (1.13)  (1.03)
Oct 23, 2000 - Nov 23, 2006 1525 1.19 1.49 1.86 1.96 1.91
(7.48)*  (10.24)* (11.38)*  (9.98)* (8.08)*
SOFIX
Oct 23, 2000 - Oct 20, 2003 749 0.87 0.83 0.78 0.73 0.74
(3.51)*  (-2.44)*  (2.06)* (-1.98)* (-1.63)
Oct 21, 2003 - Nov 23, 2006 776 1.20 1.41 1.65 1.83 1.88
(5.64)* (6.09*  (6.13)*  (6.19)  (5.6)
Oct 23, 2000 - Nov 23, 2006 1525 0.91 0.90 0.88 0.85 0.86

(-3.49)* (2.1 (1.63)  (1.54) (-1.21)
Equally-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.18 1.52 1.97 2.18 2.24
(4.89)  (7.58)* (9 (8.61)* (7.73)*

(continued)
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(continued)

Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
Oct 21, 2003 - Nov 23, 2006 776 1.21 1.53 1.91 2.19 2.37
(5.86) (7.87)* (857  (8.8) (8.68)
Oct 23, 2000 - Nov 23, 2006 1525 1.20 1.52 1.92 2.16 2.28

(7.64)  (10.84)* (12.15)* (12.03)* (11.33)*
MarketCap-weighted portfolio

Oct 23, 2000 - Oct 20, 2003 749 1.17 1.51 1.93 2.19 2.35
(4.72)* (74 (8.62)"  (8.66)" (8.42)*
Oct 21, 2003 - Nov 23, 2006 776 1.03 1.17 1.34 1.48 1.58
(0.92)  (2.47)*  (3.16)* (3.54)* (3.66)*
Oct 23, 2000 - Nov 23, 2006 1525 1.11 1.34 1.64 1.84 1.97

(414 (717)*  (8.48)* (8.73) (8.59)*

Notes: Test statistic values in parenthesis.
* indicates significance at 5 per cent level.

Table A3.4
VARIANCE RATIOS FOR WEEKLY STOCK RETURNS
(RW1 NULL HYPOTHESIS)
Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
ALBHL
Oct 23, 2000 - Oct 20, 2003 749 1.01 1.00 1.25 1.30 1.15
(0.07) (0.01)  (1.02)  (0.98)  (0.42)
Oct 21, 2003 - Nov 23, 2006 776 1.09 1.27 1.82 2.29 2.68
(1.13) (1.79)  (3.46)* (4.34)* (4.81)*
Oct 23, 2000 - Nov 23, 2006 1525 1.05 1.14 1.53 1.86 2.07
(0.85) (1.27)  (3.13)*  (4.02)* (4.27)*
IHLBL
Oct 23, 2000 - Oct 20, 2003 749 1.08 1.03 0.69 0.47 0.55
(0.95) (0.22)  (-1.26)  (-1.74)  (-1.25)
Oct 21, 2003 - Nov 23, 2006 776 1.41 2.02 2.87 3.58 4.30
(5.13)* (6.85)*  (7.93)* (8.66)* (9.43)
Oct 23, 2000 - Nov 23, 2006 1525 1.25 1.54 1.88 2.16 2.55
(4.32)* (5.08)*  (5.21)*  (5.41)* (6.16)*
PETHL
Oct 23, 2000 - Oct 20, 2003 749 1.18 117 1.07 0.96 0.92
(2.15)* (1.12)  (0.28)  (0.12)  (-0.23)
Oct 21, 2003 - Nov 23, 2006 776 1.24 1.31 1.75 2.25 2.58
(2.99)* (21 (3.2 (42 (4.52)
Oct 23, 2000 - Nov 23, 2006 1525 1.22 1.28 1.56 1.87 2.07
(3.86)* (2.64)*  (3.32)*  (4.09)° (4.25)
DOVUHL
Oct 23, 2000 - Oct 20, 2003 749 0.88 0.72 0.73 0.70 0.68
(-1.44) (-1.84) (1.1)  (0.98) (-0.88)
(continued)



(continued)
Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
Oct 21, 2003 - Nov 23, 2006 776 1.16 1.29 1.88 2.38 2.78
(2.07)* (1.95)  (3.76)* (4.64)* (5.07)*
Oct 23, 2000 - Nov 23, 2006 1525 1.03 1.01 1.29 1.49 1.63
(0.51) (0.05) (1.73)  (2.29)* (2.52)*
SFARM
Oct 23, 2000 - Oct 20, 2003 749 1.09 1.39 1.84 2.22 2.42
(1.13) (2.57)  (3.47)"  (3.98)* (3.95)*
Oct 21, 2003 - Nov 23, 2006 776 0.99 1.14 1.22 1.07 0.93
(-0.18) (0.96) (0.95) (0.25) (-0.2)
Oct 23, 2000 - Nov 23, 2006 1525 1.08 1.35 1.73 2.00 2.08
(1.35) (3.28)*  (4.33)" (4.65)* (431)*
LEV
Oct 23, 2000 - Oct 20, 2003 749 0.94 0.84 0.95 0.97 0.93
(-0.67) (-1.03) (-0.2) (-0.1)  (-0.19)
Oct 21, 2003 - Nov 23, 2006 776 0.83 0.70 0.55 0.53 0.49
(217)*  (-2.04)*  (-1.92)  (-1.59) (-1.45)
Oct 23, 2000 - Nov 23, 2006 1525 0.93 0.85 0.85 0.80 0.73
(-1.17) (-1.4)  (-0.91) (-0.93) (-1.08)
PET
Oct 23, 2000 - Oct 20, 2003 749 1.25 1.27 1.47 1.87 2.30
(3.1)* (1.76) (1.93)  (2.84)* (3.59)*
Oct 21, 2003 - Nov 23, 2006 776 0.80 0.72 0.70 0.63 0.59
(-2.57)* (-1.89)  (-1.28)  (-1.25) (-1.17)
Oct 23, 2000 - Nov 23, 2006 1525 1.14 1.14 1.31 1.59 1.90
(2.44)* (1.34) (1.82)  (2.76)* (3.58)*
AFH
Oct 23, 2000 - Oct 20, 2003 749 0.89 0.46 0.26 0.10 0.09
(-1.29) (-3.55)*  (-3.06)* (-2.91)° (-2.54)*
Oct 21, 2003 - Nov 23, 2006 776 1.20 1.69 2.56 3.22 3.66
(2.54)* (4.62)*  (6.62)* (7.45)* (7.6)"
Oct 23, 2000 - Nov 23, 2006 1525 1.05 1.09 1.42 1.65 1.82
(0.88) (0.8) (2.48)* (3.03)* (3.27)*
GAMZA
Oct 23, 2000 - Oct 20, 2003 749 0.90 0.75 0.64 0.53 0.52
(-1.2) (-1.6)  (-1.49)  (-1.52) (-1.32) o
Oct 21, 2003 - Nov 23,2006 776 1.07 1.04 1.44 1.77 2.10 E
(0.84) (0.28) (1.86) (2.57)* (3.15)* c
Oct 23, 2000 - Nov 23, 2006 776 1.00 0.92 1.09 1.23 1.39 <
(-0.08) (-0.75) (0.53) (1.06)  (1.54) g
ALB <
Oct 23, 2000 - Oct 20, 2003 749 0.80 0.71 0.89 1.08 1.26 Z
(-2.39)* (-1.9)  (-0.45) (0.25) (0.72) =
Oct 21, 2003 - Nov 23, 2006 776 1.34 1.48 1.90 2.19 2.52 <
(4.29)* (3.21)*  (3.83)"  (3.98)* (4.34)*
Oct 23, 2000 - Nov 23, 2006 1525 1.03 1.03 1.28 1.46 1.68
(0.46) (0.25)  (1.64) (2.14)* (2.71)*
(continued)
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(continued)

Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
BHC
Oct 23, 2000 - Oct 20, 2003 749 1.29 1.20 0.77 0.56 0.59
(3.5) (1.29)  (:0.93)  (-1.43) (-1.13)
Oct 21, 2003 - Nov 23, 2006 776 1.11 1.20 1.55 1.91 2.24
(1.34) (133)  (2.32)  (3.04)* (3.53)*
Oct 23, 2000 - Nov 23, 2006 1525 1.23 1.21 1.05 0.99 1.08
(3.98)*  (2.01)*  (0.31)  (-0.04) (0.3)
SOFIX
Oct 23, 2000 - Oct 20, 2003 749 0.88 0.80 0.85 0.90 0.91
(-1.46) (-1.28) (0.6) (0.32) (-0.24)
Oct 21, 2003 - Nov 23, 2006 776 1.12 1.21 1.30 1.18 1.08
(1.5) (1.43) (125 (0.59)  (0.23)
Oct 23, 2000 - Nov 23, 2006 1525 0.92 0.87 0.92 0.92 0.93
(-1.44) (-1.26)  (0.49)  (0.37) (:0.27)
Equally-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.32 1.46 1.86 2.50 3.07
(3.9  (3.03)* (3.54)* (4.89)* (5.74)*
Oct 21, 2003 - Nov 23, 2006 776 1.24 1.52 2.26 2.86 3.35
(3.01)*  (3.49* (5.34) (6.25)°  (6.7)
Oct 23, 2000 - Nov 23, 2006 1525 1.26 1.47 2.04 2.57 3.03

(4.62)"  (441)  (6.14) (734 (8.09)*
MarketCap-weighted portfolio

Oct 23, 2000 - Oct 20, 2003 749 1.27 1.49 2.02 2.77 3.37
(3.33) (3.2 (421" (5.77)*  (6.58)*
Oct 21, 2003 - Nov 23, 2006 776 1.07 1.24 1.58 1.78 1.99
(0.94) (1.61)  (2.47)  (2.62)* (2.84)
Oct 23, 2000 - Nov 23, 2006 1525 1.18 1.37 1.80 2.25 2.67

(3.24)*  (3.47) (475 (5.85)* (6.67)*

Notes: Test statistic values in parenthesis.
* indicates significance at 5 per cent level.

Table A3.5
VARIANCE RATIOS FOR DAILY STOCK RETURNS
(RW3 NULL HYPOTHESIS)
Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
ALBHL
- Oct 23, 2000 - Oct 20, 2003 749 0.91 0.83 0.81 0.82 0.81
S (-1.16) (-1.24)  (-0.99) (-0.8)  (:0.77)
< Oct 21, 2003 - Nov 23, 2006 776 1.15 1.41 1.62 1.78 1.89
X (2.5 (3.57)*  (3.46)*  (3.53)* (3.56)*
e Oct 23, 2000 - Nov 23, 2006 1525 1.01 1.08 1.16 1.23 1.27

(0.25) (087) (117) (1.47)  (1.57)

(continued)
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(continued)
Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
IHLBL
Oct 23, 2000 - Oct 20, 2003 749 0.95 1.05 1.23 1.31 1.34
(-0.5) (0.28)  (0.85)  (0.96)  (0.91)
Oct 21, 2003 - Nov 23, 2006 776 0.99 1.07 1.32 1.59 1.79
(-0.18) (0.66)  (1.93) (2.87)* (3.35)
Oct 23, 2000 - Nov 23, 2006 1525 0.97 1.04 1.25 1.45 1.58
(-0.61) (0.42) (1.7) (241 (2.72)
PETHL
Oct 23, 2000 - Oct 20, 2003 749 1.01 1.16 1.38 1.53 1.61
(0.08) (0.8) (139  (1.71)  (1.83)
Oct 21, 2003 - Nov 23, 2006 776 1.16 1.37 1.62 1.77 1.82
(2.5) (3.16)*  (3.48)* (3.53)*  (3.3)
Oct 23, 2000 - Nov 23, 2006 1525 1.12 1.33 1.56 1.72 1.77
(2.16)* (3.19)  (3.73)*  (3.97)*  (3.8)
DOVUHL
Oct 23, 2000 - Oct 20, 2003 749 0.97 0.84 0.76 0.66 0.64
(-0.56) (1.53)  (-1.59)  (-1.81) (-1.69)
Oct 21, 2003 - Nov 23, 2006 776 1.16 1.33 1.48 1.53 1.55
(2.7) (3.22)*  (3.18)*  (2.89)* (2.71)*
Oct 23, 2000 - Nov 23, 2006 1525 1.05 1.05 1.06 1.01 1.01
(1.13) (0.62) (0.5 (0.11)  (0.07)
SFARM
Oct 23, 2000 - Oct 20, 2003 749 1.23 1.54 1.70 1.82 2.00
(3.38)* (4.48)  (3.86)* (3.69)* (3.94)
Oct 21, 2003 - Nov 23, 2006 776 0.94 0.94 0.88 0.96 1.00
(-0.76) (0.43)  (0.61) (0.19) (-0.01)
Oct 23, 2000 - Nov 23, 2006 1525 1.18 1.44 1.57 1.69 1.85
(3.15)* (431  (3.68)*  (3.6)* (3.88)
LEV
Oct 23, 2000 - Oct 20, 2003 749 0.94 0.84 0.77 0.69 0.64
(-0.82) (1.23)  (1.24)  (-1.37)  (-1.41)
Oct 21, 2003 - Nov 23, 2006 776 0.75 0.67 0.65 0.63 0.62
(2.9 (231 (1.92) (-1.81) (-1.73)
Oct 23, 2000 - Nov 23, 2006 1525 0.84 0.75 0.70 0.66 0.63
(2.81)F  (2.62)*  (-2.28)* (2.26)* (2.18)*
PET z
Oct 23, 2000 - Oct 20, 2003 749 1.00 1.14 1.34 1.47 1.48 2
(0.05) (1.22)  (1.95) (2.22)* (2)* c
Oct 21, 2003 - Nov 23, 2006 776 0.82 0.71 0.64 0.58 0.57 2
(-2.7)  (2.56)F  (-2.24)*  (2.18)* (-1.96)* =
Oct 23, 2000 - Nov 23, 2006 1525 0.95 1.01 1.14 1.21 1.23 -
(-1.08) (0.12)  (1.03)  (1.36)  (1.28) Z
AFH =
Oct 23, 2000 - Oct 20, 2003 749 1.38 1.67 1.31 0.83 0.62
(1.39) (1.46)  (0.52) (0.25) (-0.52)
Oct 21, 2003 - Nov 23, 2006 776 0.89 0.95 1.16 1.36 1.56
(-1.76) (0.41)  (0.98) (1.8)  (2.49)*

(continued)
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(continued)

Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
Oct 23, 2000 - Nov 23, 2006 1525 1.12 1.29 1.24 1.12 1.14
(0.91) (1.31) (0.82) (0.37) (0.4)
GAMZA
Oct 23, 2000 - Oct 20, 2003 749 0.91 0.82 0.71 0.66 0.65
(-1.15) (-1.27)  (-1.36)  (-1.37)  (-1.25)
Oct 21, 2003 - Nov 23, 2006 776 1.04 1.02 1.06 1.10 1.10
(0.61) (0.14) (0.34) (0.47)  (0.43)
Oct 23, 2000 - Nov 23, 2006 776 0.98 0.92 0.90 0.90 0.90
(-0.49) (-0.87)  (-0.76)  (-0.64)  (-0.55)
ALB
Oct 23, 2000 - Oct 20, 2003 749 1.00 0.93 0.83 0.79 0.79
(-0.02) (-0.47)  (-0.81)  (-0.85) (-0.75)
Oct 21, 2003 - Nov 23, 2006 776 0.93 1.01 1.21 1.41 1.49
(-0.98) (0.1 (1.14) (1.87)  (1.94)
Oct 23, 2000 - Nov 23, 2006 1525 0.97 0.97 1.00 1.07 1.11
(-0.55) (-0.34)  (-0.02) (0.4)  (0.56)
BHC
Oct 23, 2000 - Oct 20, 2003 749 1.38 1.91 2.50 2.65 2.54
(4.36)* (5.68)*  (6.31)" (5.71)" (4.71)*
Oct 21, 2003 - Nov 23, 2006 776 0.97 1.00 1.11 1.12 1.12
(-0.5) (0.02) (0.76) (0.66)  (0.57)
Oct 23, 2000 - Nov 23, 2006 1525 1.19 1.49 1.85 1.93 1.88
(3.64)* (5.04)  (5.88)* (5.3)  (4.38)"
SOFIX
Oct 23, 2000 - Oct 20, 2003 749 0.87 0.83 0.78 0.73 0.73
(-1.42) (12)  (1.24)  (1.31)  (-1.16)
Oct 21, 2003 - Nov 23, 2006 776 1.20 1.40 1.64 1.80 1.83
(3.09)* (3.57)*  (3.85)* (3.91)" (3.52)*
Oct 23, 2000 - Nov 23, 2006 1525 0.91 0.90 0.88 0.86 0.86
(-1.11) (-0.81)  (-0.74)  (-0.77)  (-0.65)
Equally-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.18 1.51 1.94 2.12 2.16
(3.37)* (5.28)* (6.2)*  (5.84)* (5.26)"
Oct 21, 2003 - Nov 23, 2006 776 1.21 1.52 1.89 2.14 2.30
(3.67)* (5 (5.68)* (6.02)" (6.04)*
Oct 23, 2000 - Nov 23, 2006 1525 1.19 1.52 1.91 2.13 2.24
(4.92)* (7.08)*  (8.19)* (8.29)* (7.98)*
MarketCap-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.17 1.49 1.90 2.13 2.27
(3.22)* (5.26)*  (6.07)*  (6.04)* (5.93)*
Oct 21, 2003 - Nov 23, 2006 776 1.03 1.16 1.32 1.45 1.53
(0.49) (1.48) (2.06)* (2.38)* (2.48)"
Oct 23, 2000 - Nov 23, 2006 1525 1.10 1.34 1.63 1.82 1.93
(2.57)* (4.72)*  (5.83)* (6.12)* (6.13)*

Notes: Test statistic values in parenthesis.

*indicates significance at 5 per cent level.




Table A3.6

VARIANCE RATIOS FOR WEEKLY STOCK RETURNS WITH LINEAR
INTERPOLATION (RW3 NULL HYPOTHESIS)

Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
ALBHL
Oct 23, 2000 - Oct 20, 2003 749 1.00 0.97 1.16 1.27 1.31
(-0.02) (-0.14) (0.53) (0.73) (0.74)
Oct 21, 2003 - Nov 23, 2006 776 1.08 1.23 1.68 2.04 2.28
(0.58) (1.06) (2.1)*  (2.48)° (2.56)"
Oct 23, 2000 - Nov 23, 2006 1525 1.04 1.12 1.47 1.75 1.89
(0.46) (0.77)  (2.06)*  (2.58)* (2.63)*
IHLBL
Oct 23, 2000 - Oct 20, 2003 749 1.06 1.02 0.74 0.57 0.62
(0.55) (0.09) (-0.96) (-1.28) (-0.96)
Oct 21, 2003 - Nov 23, 2006 776 1.39 1.97 2.69 3.25 3.80
(2.79)* (4.01)*  (4.98)* (5.49)* (5.89)*
Oct 23, 2000 - Nov 23, 2006 1525 1.24 1.53 1.81 2.03 2.34
(2.57)* (3.34)*  (3.59)* (3.67)" (4.06)*
PETHL
Oct 23, 2000 - Oct 20, 2003 749 1.21 1.31 1.16 0.96 0.87
(1.43) (1.38) (0.49)  (-0.09) (-0.27)
Oct 21, 2003 - Nov 23, 2006 776 1.23 1.27 1.62 1.98 2.16
(1.25) (0.91) (1.55)  (1.97)* (2.01)*
Oct 23, 2000 - Nov 23, 2006 1525 1.21 1.26 1.50 1.76 1.89
(1.52) (1.13) (1.62)  (1.98)* (2.01)*
DOVUHL
Oct 23, 2000 - Oct 20, 2003 749 0.91 0.72 0.69 0.64 0.61
(-0.68) (-1.21)  (-0.98)  (-0.99) (-0.99)
Oct 21, 2003 - Nov 23, 2006 776 1.16 1.25 1.75 2.10 2.33
(1.46) (1.36)  (2.82)* (3.25)* (3.33)*
Oct 23, 2000 - Nov 23, 2006 1525 1.02 0.99 1.25 1.41 1.51
(0.29) (-0.08) (1.19) (1.62) (1.77)
SFARM
Oct 23, 2000 - Oct 20, 2003 749 1.08 1.35 1.74 2.01 2.32
(0.49) (1.29)  (1.97)*  (2.37)*  (2.85)*
Oct 21, 2003 - Nov 23, 2006 776 0.98 1.11 1.16 1.01 0.87
(-0.16) (0.43) (0.46) (0.03)  (-0.29)
Oct 23, 2000 - Nov 23, 2006 1525 1.07 1.33 1.69 1.92 2.18
(0.48) (1.32)  (1.98)* (2.33)" (2.74)*
LEV
Oct 23, 2000 - Oct 20, 2003 749 0.93 0.83 1.00 1.09 1.10
(-0.41) (-0.57) (0.01) (0.19) (0.2)
Oct 21, 2003 - Nov 23, 2006 776 0.92 0.82 0.59 0.51 0.44
(-0.78) (-1.06)  (-1.58)  (-1.59) (-1.66)
Oct 23, 2000 - Nov 23, 2006 1525 0.93 0.85 0.86 0.85 0.82
(-0.75) (-0.92)  (-0.57)  (-0.51)  (-0.59)
(continued)
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(continued)

Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
PET
Oct 23, 2000 - Oct 20, 2003 749 1.24 1.22 1.34 1.63 1.93
(2.02)* (1.06)  (1.08)  (1.59) (2.03)*
Oct 21, 2003 - Nov 23, 2006 776 0.79 0.69 0.67 0.57 0.51
(-1.92) (-1.58)  (-1.12)  (-1.17)  (-1.16)
Oct 23, 2000 - Nov 23, 2006 1525 1.13 1.12 1.26 1.49 1.74
(1.4) (0.75)  (1.03)  (1.57) (2.06)*
AFH
Oct 23, 2000 - Oct 20, 2003 749 0.88 0.44 0.24 0.17 0.14
(-0.76) (-1.17) (1.1)  (-1.08)  (-1.06)
Oct 21, 2003 - Nov 23, 2006 776 1.19 1.63 2.36 2.83 3.05
(1.46)  (2.55)* (3.67)* (4.01)* (3.88)*
Oct 23, 2000 - Nov 23, 2006 1525 1.04 1.07 1.36 1.58 1.70
(0.45) (0.25)  (0.93)  (1.31)  (1.44)
GAMZA
Oct 23, 2000 - Oct 20, 2003 749 0.89 0.74 0.59 0.46 0.43
(-0.9) (13)  (1.33)  (-1.43) (-1.34)
Oct 21, 2003 - Nov 23, 2006 776 1.05 1.00 1.33 1.57 1.78
(0.39) (0.01)  (0.94) (1.27)  (1.48)
Oct 23, 2000 - Nov 23, 2006 776 0.99 0.90 1.05 1.15 1.27
(-0.11) (0.61)  (0.19)  (0.49)  (0.75)
ALB
Oct 23, 2000 - Oct 20, 2003 749 0.80 0.68 0.82 0.96 1.12
(-1.21) (-1.17)  (0.49)  (0.09)  (0.26)
Oct 21, 2003 - Nov 23, 2006 776 1.33 1.45 1.78 1.94 213
(23 (1.98)*  (2.21)* (2.0 (215
Oct 23, 2000 - Nov 23, 2006 1525 1.02 1.01 1.23 1.38 1.56
(0.18) (0.05)  (0.87) (1.22) (1.62)
BHC
Oct 23, 2000 - Oct 20, 2003 749 1.29 1.21 0.80 0.71 0.71
(2.19)* (0.87) (0.5)  (0.64) (0.6
Oct 21, 2003 - Nov 23, 2006 776 1.09 1.16 1.42 1.73 1.94
(0.61) (0.6)  (1.18)  (1.65)  (1.82)
Oct 23, 2000 - Nov 23, 2006 1525 1.22 1.19 1.01 1.00 1.03
(2.17)* (1.03)  (0.03) (0.01)  (0.09)
SOFIX
Oct 23, 2000 - Oct 20, 2003 749 0.87 0.78 0.79 0.81 0.83
(-1.01) (1.1)  (0.75) (-0.6) (-0.47)
Oct 21, 2003 - Nov 23, 2006 776 1.11 117 1.20 1.07 0.93
(0.98) (0.87)  (0.68)  (0.18)  (-0.15)
Oct 23, 2000 - Nov 23, 2006 1525 0.92 0.85 0.88 0.86 0.86
(-0.81) (-0.87)  (0.52)  (0.49)  (-0.44)
Equally-weighted portfolio
Oct 23, 2000 - Oct 20, 2003 749 1.30 1.41 1.75 2.28 2.86
(2.7 (2.09* (2.55)*  (3.36)* (4.18)*
Oct 21, 2003 - Nov 23, 2006 776 1.23 1.47 2.08 2.52 2.79
(1.7) (211 (3.32)*  (3.69)* (3.72)*
(continued)




(continued)

Sample period Number of  Number q of base observations aggregated to form variance ratio
observations 2 4 8 12 16
Oct 23, 2000 - Nov 23, 2006 1525 1.26 1.44 1.96 2.41 2.78

(279 (2.88)* (4.17)* (4.83)" (5.23)
MarketCap-weighted portfolio

Oct 23, 2000 - Oct 20, 2003 749 1.26 1.44 1.92 2.53 3.17
(2.49)* (2.4)* (325 (419 (5.08)*

Oct 21, 2003 - Nov 23, 2006 776 1.06 1.20 1.47 1.58 1.67
(0.6) (1.04)  (1.52)  (1.49)  (1.5)

Oct 23, 2000 - Nov 23, 2006 1525 1.18 1.35 1.75 214 255
(2.37) (2.6)°  (3.57)"  (4.26)° (4.95)*

Notes: Test statistic values in parenthesis.
* indicates significance at 5 per cent level.

Table A3.7

SUMMARY OF THE RESULTS FOR AUTOCORRELATION
COEFFICIENTS AND BOX-PIERCE, Q-STATISTIC FOR THE
DATASET WITH LINEAR INTERPOLATION

Panel A: Summary of the results related to the autocorrelation coefficients

Sample period pl p2 p3 p4 pl p2 p3 p4
umber of sign reversals in r across sub-periods (per cent)

- daily data 8 5 7 5 57.1 35.7 50 35.7

- weekly data 8 5 9 6 57.1 35.7 64.3 42.9
Number of larger r in the second sub-period as (per cent)

compared to the first one

- daily data 8 4 6 4 57.1 28.6 429 28.6
- weekly data 7 6 7 5 50.0 42.9 50.0 35.7

Panel B: Number of statistically significant Box - Pierce, Q-statistics
Sample period Number Q4 Q8 Q12 Q4 Q8 Q12
of observations

Daily data (per cent)

Oct 23, 2000 = Oct 20, 2003 749 10 10 11 714 714 786
Oct 21, 2003 - Nov 23, 2006 776 11 13 12 78.6 929 85.7
Oct 23, 2000 - Nov 23, 2006 1525 10 12 12 714 85.7 85.7
Weekly data (per cent)

Oct 24, 2000 - Oct 21, 2003 149 8 9 6 57.1 643 429
Oct 22, 2003 - Nov 21, 2006 158 5 10 10 357 714 714

Oct 24, 2000 - Nov 21, 2006 307 7 10 12 500 714 857
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Table A3.8

SUMMARY OF THE RESULTS FOR VARIANCE RATIONS UNDER
RW1 AND RW3 FOR THE DATASET WITH LINEAR
INTERPOLATION
Panel A: Summary data for the tests of the RW1 null hypothesis

Number of times RW1 hypothesis rejected (out of 14 possible cases)

Sample period Number q of Number q of
base observations base observations
aggregated to aggregated to
form variance ratio form variance ratio
2 4 8 12 16 2 4 8 12 16
daily data weekly data
Oct 23, 2000 - Oct 20, 2003 8 11 11 10 10 6 4 4 5 5
Oct 21, 2003 - Nov 23, 2006 8 8 10 11 11 8 6 9 10 10
Oct 23, 2000 - Nov 23, 2006 9 8 9 9 9 6 6 7 10 10

Number of reversals of the value of the VR statistics with respect to 1 across sub-periods

daily data weekly data

10 8 7 8 7 7 6 7 7 8

Panel B: Summary data for the tests of the RW1 null hypothesis
Number of times RW3 hypothesis rejected out (of 14 possible cases)

Sample period Number q of Number q of
base observations base observations
aggregated to aggregated to
form variance ratio form variance ratio
2 4 8 12 16 2 4 8 12 16
daily data weekly data
Oct 23, 2000 - Oct 20, 2003 4 4 4 5 5 4 2 3 3 4
Oct 21, 2003 - Nov 23, 2006 7 7 7 8 9 2 4 6 7 7
Oct 23, 2000 - Nov 23, 2006 6 6 6 7 7 4 3 5 6 7
Number of reversals of the value of the VR statistics with respect to 1 across sub-periods
daily data weekly data
8 8 7 8 8 8 7 8 9 8




References

Abrosimova, N., D. Dissanaike, and D. Linowski, 2002, Testing Weak-
form Efficiency of the Russian Stock Market, EFA 2002 Berlin Meetings
Presented Paper, available at SSRN: http://ssrn.com/abstract=302287 or
DOI: 10.2139/ssrn.302287

Alexander, S. S., 1961, Price Movements in Speculative Markets: Trends or
Random Walks, Industrial Management Review, Il (May, 1961), pp. 7-26.

Alexander, S. S., 1964, Price Movements in Speculative Markets: Trends
or Random Walks, No. 2, Industrial Management Review, V (Spring, 1964),
pp. 25-46.

Campbell, J. Y., A. W. Lo, and A. C. MacKinlay, 1997, The Econometrics
of Financial Markets, Princeton University Press.

Emerson, R., S. G. Hall, and A. Zalewska - Mitura, 1997, Evolving
Market Efficiency with an Application to Some Bulgarian Shares, Economics
of Planning, pp. 30, 75-90.

Fama, E., 1970, Efficient Capital Markets: A Review of Theory and
Empirical Work, Journal of Finance, 25, pp. 383-417.

Fama, E., 1991, Efficient Capital Markets Il, Journal of Finance, 46,
pp. 1575 -1618.

Fama, E. and M. Blume, 1966, Filter Rules and Stock-market Trading,
Journal of Business, 39, pp. 226-241.

Hall, Steven and Giovanni Urga, 2002, Testing for Ongoing Efficiency in
the Russian Stock Market, available at: http://citeseer.ist.psu.edu/cache/
papers/cs/32306/http:zSzzSzwww.e-m-h.orgzSzHaUr02.pdf/testing-for-
ongoing-efficiency.pdf

Kvedaras V. And O. Basdevant, 2004, Testing the Efficiency of Emerging
Capital Markets: the Case of the Baltic States, Journal of Probability and
Statistical Science, 2(1), pp. 111-138.

Lo, A. and A.C. MacKinlay, 1988, Stock Market Prices Do not Follow
Random Walks: Evidence from a Simple Specification Test, Review of
Financial Studies, 1, pp. 41-66.

Mihailov, Timur and Linowski, Dirk, Testing Efficiency of the Latvian Stock
Market: An Evolutionary Perspective (February 20, 2002). Available at SSRN:
http://ssrn.com/abstract=302285 or DOI: 10.2139/ssrn.302285

Miller, M. H., Muthuswamy, J. and Whaley, R. E., 1994, Mean Reversion
of Standard and Poor's 500 Index Basis Changes: Arbitrage-induced or
Statistical lllusion?, Journal of Finance, Vol. 49, pp. 479-513.

S¥3dvVd NOISSNOSIda

79



/2009

71

DP/

(@)
()

DP/1/1998

DP/2/1998

DP/3/1999

DP/4/1999
DP/5/1999
DP/6/1999
DP/7/1999

DP/8/1999

DP/9/1999

DP/11/1999
DP/12/1999

DP/13/1999

DP/14/2000

DP/15/2000

DP/16/2000

DP/17/2001

DISCUSSION PAPERS

The First Year of the Currency Board in Bulgaria
Victor Yotzov, Nikolay Nenovsky, Kalin Hristov, Iva Petrova, Boris Petrov

Financial Repression and Credit Rationing under Currency Board
Arrangement for Bulgaria
Nikolay Nenovsky, Kalin Hristov

Investment Incentives in Bulgaria: Assessment of the Net Tax Effect on
the State Budget
Dobrislav Dobrev, Boyko Tzenov, Peter Dobrev, John Ayerst

Two Approaches to Fixed Exchange Rate Crises
Nikolay Nenovsky, Kalin Hristov, Boris Petrov

Monetary Sector Modeling in Bulgaria, 1913-1945
Nikolay Nenovsky, Boris Petrov

The Role of a Currency Board in Financial Crises: The Case of Bulgaria
Roumen Avramov

The Bulgarian Financial Crisis of 1996-1997
Zdravko Balyozov

The Economic Philosophy of Friedrich Hayek
(The Centenary of his Birth)
Nikolay Nenovsky

The Currency Board in Bulgaria: Design. Peculiarities

and Management of Foreign Exchange Cover

Dobrislav Dobrev

DP/10/1999 Monetary Regimes and the Real Economy (Empirical Tests
before and after the Introduction of the Currency Board in Bulgaria)
Nikolay Nenovsky, Kalin Hristov

The Currency Board in Bulgaria: The First Two Years
Jeffrey B. Miller

Fundamentals in Bulgarian Brady Bonds: Price Dynamics
Nina Budina, Tsvetan Manchev

Currency Circulation after Currency Board Introduction in Bulgaria
(Transactions Demand, Hoarding, Shadow Economy)
Nikolay Nenovsky, Kalin Hristov

Macroeconomic Models of the International Monetary Fund and the
World Bank (Analysis of Theoretical Approaches and Evaluation of Their
Effective Implementation in Bulgaria)

Victor Yotzov

Bank Reserve Dynamics under Currency Board Arrangement for Bulgaria
Boris Petrov

A Possible Approach to Simulate Macroeconomic Development of
Bulgaria

Victor Yotzov

Banking Supervision on Consolidated Basis (in Bulgarian only)
Margarita Prandzheva



DP/18/2001
DP/19/2001

DP/20/2002

DP/21/2002

DP/22/2002

DP/23/2002

DP/24/2001
DP/25/2002
DP/26/2002
DP/27/2002

DP/28/2002

DP/29/2003

DP/30/2003

DP/31/2003

DP/32/2003

DP/33/2003
DP/34/2003

DP/35/2003

Real Wage Rigidity and the Monetary Regime Choice
Nikolay Nenovsky, Darina Koleva

The Financial System in the Bulgarian Economy
Jeffrey Miller, Stefan Petranov

Forecasting Inflation via Electronic Markets Results
from a Prototype Experiment
Michael Berlemann

Corporate Image of Commercial Banks (1996-1997) (in Bulgarian only)
Miroslav Nedelchev

Fundamental Equilibrium Exchange Rates and Currency Boards: Evidence
from Argentina and Estonia in the 90's
Kalin Hristov

Credit Activity of Commercial Banks and Rationing in the Credit Market
in Bulgaria (in Bulgarian only)

Kalin Hristov, Mihail Mihailov

Balassa - Samuelson Effect in Bulgaria (in Bulgarian only)

Georgi Choukalev

Money and Monetary Obligations: Nature, Stipulation, Fulfilment
Stanislav Natsev, Nachko Staykov, Filko Rosov

Regarding the Unilateral Euroization of Bulgaria

Ivan Kostov, Jana Kostova

Shadowing the Euro: Bulgaria’s Monetary Policy Five Years on

Martin Zaimov, Kalin Hristov

Improving Monetary Theory in Post-communist Countries - Looking
Back to Cantillon

Nikolay Nenovsky

Dual Inflation under the Currency Board: The Challenges of Bulgarian
EU Accession (in Bulgarian only)

Nikolay Nenovsky, Kalina Dimitrova

Exchange Rate Arrangements, Economic Policy and Inflation: Empirical
Evidence for Latin America

Andreas Freytag

Inflation and the Bulgarian Currency Board

Stacie Beck, Jeffrey B. Miller, Mohsen Saad

Banks - Firms Nexus under the Currency Board: Empirical Evidence from
Bulgaria

Nikolay Nenovsky, Evgeni Peev, Todor Yalamov

Modelling Inflation in Bulgaria: Markup Model (in Bulgarian only)
Kalin Hristov, Mihail Mihailov

Competitiveness of the Bulgarian Economy
Konstantin Pashev

Exploring the Currency Board Mechanics: a Basic Formal Model
Jean-Baptiste Desquilbet, Nikolay Nenovsky

S¥3dvVd NOISSNOSIda



/2009

71

DP/

o
[ NS)

DP/36/2003

DP/37/2003

DP/38/2004

DP/39/2004
DP/40/2004

DP/41/2004

DP/42/2004

DP/43/2004

DP/44/2004

DP/45/2004

DP/46/2005
DP/47/2005

DP/48/2005

DP/49/2005

DP/50/2005
DP/51/2005

DP/52/2006

A Composite Tendency Indicator for Bulgaria’s Industry

(in Bulgarian only)
Tsvetan Tsalinsky

The Demand for Euro Cash: A Theoretical Model and Monetary Policy
Implications
Franz Seitz

Credibility Level of the Bulgarian Exchange Rate Regime, 1991-2003:
First Attempt at Calibration (in Bulgarian only)
Georgi Ganev

Credibility and Adjustment: Gold Standards Versus Currency Boards
Jean-Baptiste Desquilbet, Nikolay Nenovsky

The Currency Board: “The only game in town” (in Bulgarian only)
Kalin Hristov

The Relationship between Real Convergence and the Real Exchange
Rate: the Case of Bulgaria
Mariella Nenova

Effective Taxation of Labor, Capital and Consumption in Bulgaria
Plamen Kaloyanchev

The 1911 Balance of Payments of the Kingdom of Bulgaria
(in Bulgarian only)
Martin lvanov

Beliefs about Exchange Rate Stability: Survey Evidence from the
Currency Board in Bulgaria
Neven T. Valev, John A. Carlson

Opportunities of Designing and Using the Money Circulation Balance (in
Bulgarian only)
Metodi Hristov

The Microeconomic Impact of Financial Crises: The Case of Bulgaria
Jonathon Adams-Kane, Jamus Jerome Lim

Interest Rate Spreads of Commercial Banks in Bulgaria (in Bulgarian only)
Michail Michailov

Total Factor Productivity Measurement: Accounting and Economic
Growth in Bulgaria (in Bulgarian only)

Kaloyan Ganev

An Attempt at Measurement of Core Inflation in Bulgaria

(in Bulgarian only)

Kalina Dimitrova

Economic and Monetary Union on the Horizon

Dr Tsvetan Manchev, Mincho Karavastev

The Brady Story of Bulgaria (in Bulgarian only)
Garabed Minassian

General Equilibrium View on the Trade Balance Dynamics in Bulgaria
Hristo Valev



DP/53/2006

DP/54/2006

DP/55/2006

DP/56/2006

DP/57/2007

DP/58/2007

DP/59/2007

DP/60/2007

DP/61/2007

DP/62/2007

DP/63/2008

DP/64/2008

DP/65/2008

DP/66/2008

The Balkan Railways, International Capital and Banking from the End of
the 19th Century until the Outbreak of the First World War
Peter Hertner

Bulgarian National Income between 1892 and 1924
Martin lvanov

The Role of Securities Investor Compensation Schemes for the
Development of the Capital Market (in Bulgarian only)
Mileti Mladenov, Irina Kazandzhieva

The Optimal Monetary Policy under Conditions of Indefiniteness (in
Bulgarian only)
Nedyalka Dimitrova

Two Approaches to Estimating the Potential Output of Bulgaria (in
Bulgarian only)
Tsvetan Tsalinski

Informal Sources of Credit and the "Soft" Information Market

(Evidence from Sofia)
Luc Tardieu

Do Common Currencies Reduce Exchange Rate Pass-through?
Implications for Bulgaria's Currency Board
Slavi T. Slavov

The Bulgarian Economy on Its Way to the EMU: Economic Policy Results
from a Small-scale Dynamic Stochastic General Equilibrium Framework
Jochen Blessing

Exchange Rate Control in Bulgaria in the Interwar Period: History and
Theoretical Reflections

Nikolay Nenovsky

Kalina Dimitrova

Different Methodologies for National Income Accounting in Central and
Eastern European Countries, 1950-1990
Rossitsa Rangelova

A Small Open Economy Model with a Currency Board Feature: the Case
of Bulgaria

lordan lordanov

Andrey Vassilev

Potential Output Estimation Using Penalized Splines: the Case of
Bulgaria

Mohamad Khaled

Bank Lending and Asset Prices: Evidence from Bulgaria

Michael Frémmel

Kristina Karagyozova

Views from the Trenches: Interviewing Bank Officials in the Midst of a

Credit Boom
Neven Valev

S¥3dvVd NOISSNOSIda

83



71/2009

DP/

(@e]
I~

DP/67/2008

DP/68/2008

DP/69/2008

DP/70/2008

Monetary Policy Transmission:

Old Evidence and Some New Facts from Bulgaria
Alexandru Minea
Christophe Rault

The Banking Sector and the Great Depression in Bulgaria, 1924-1938:

Interlocking and Financial Sector Profitability
Kiril Danailov Kossev

The Labour Market and Output in the UK - Does Okun's Law Still Stand?
Boris Petkov

Empirical Analisys of Inflation Persistence and Price Dynamics in
Bulgaria

Zornitsa Vladova

Svilen Pachedjiev



