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SUMMARY

Uziela, P., Market Efficiency in Baltic Stock MatkgManuscript]: bachelor thesis: economics.
Vilnius, ISM University of Management and Economiz812.

This bachelor thesis conducts research of marketezfcy in the Baltic stock markets. The aim
Is to estimate market efficiency using statistiedts and strategies based on historical stocknsetu
The aim is achieved by steps indicated as objectfehe thesis. Firstly, analysis of the Baltiockt
markets development, infrastructure and specifedated to market efficiency is conducted. Then,
review of theory and empirical studies of markéicefncy is performed. This is followed by empirica
part of the thesis where autocorrelation analysid Augmented Dickey-Fuller tests are applied to
examine if stock prices in the Baltic stock mark&gow the random walk. Finally, research is
conducted to examine if superior risk-adjusted rrefucan be achieved using momentum trading
strategy and if there are any day-of-the-week &ffec

Thesis documents that specifics of the Baltic stowckets provide both arguments for and
against market efficiency in the Baltic stock maskeéBy belonging to the Nasdaq OMX group the
Baltic stock markets ensured for themselves modgrek exchange infrastructure and state-of-the-art
trading system. On the other hand, during receatsy¢he Baltic stock markets have been on the
decreasing trend of average company capitalisgtanesage turnover and number of companies.

Autocorrelation analysis shows significant positaugtocorrelations for both daily and weekly
continuously compounded returns. Test for unit indicates nonstationarity of stock prices, however
significant coefficients for lagged returns arerfdun the test. From autocorrelation analysis amitl u
root tests it is concluded that the behaviour otlstprices in the Baltic stock markets is not fully
described by AR(1) random walk model and stockrrstthave some predictability which could, but
does not necessarily mean market inefficiency.

Test of the day-of-the-week effects evidence thetd are no statistically significant differences
between different weekdays. Moreover, calendar thgsis that Monday returns are three times higher
than returns on other days is also not rejected.

Results from momentum strategy indicate market fitiehcy. Significant risk-adjusted
underperformance of sell portfolio, consisting tefcks that performed worst in the last 3 months, ha
been found. Moreover, zero cost contrarian strate#glguying past best performers and selling past
worst performers has positive and statisticallyngigant mean quarterly returns of 10.32%, which ca
not be explained by systematic risk of the portfoli

Keywords: market efficiency, Baltic stock marketsgmentum, day of the week effect.



SANTRAUKA

Uziela P., Rinkos efektyvumas Baltijos akcipirzose [Rankrastis]: bakalauro baigiamasis
darbas: ekonomika. Vilnius, ISM Vadybos ir ekonoaskiniversitetas, 2012.

Sis bakalauro darbas atlieka ningfektyvumo Baltijos akaij birzose tyrim. Tikslas - nustatyti
rinky efektyvung naudojant statistinius metodus bei prekybos gijae paremtas istormis akcij
grazomis. Tai pasiekiama zingsniais, kurie sutampdasbo uzdaviniais. Pirmiausia atliekama Baltijos
akcijy rinky vystymosi, infrastrukiros ir specifikos, susijusios su riplefektyvumu, analiz Tuomet
apzvelgiama teorija ir empiriniai darbai apie rnkfektyvum. Empirintje bakalauro darbo dalyje
naudojant autokoreliacijos analir Augmented Dickey-Fuller (ADF) testikrinama, ar akcij kainos
Baltijos akciy birzose kinta pagal atsitiktinio klaidziojimo pem. Galiausiai darbe nustatoma, ar
galima pasiekti didesnes nei rinkos akairazas {vertinus rizikg) naudojant ,momentum* strategjij
bei patikrinama, ar egzistuoja savaitlienos efektas.

Baltijos akcipy birzy specifika suteikia argumeptiek rinky efektyvumo egzistavimui, tiek jo
nebuvimui. Priklausydami Nasdaq OMX grupei Baltigdijy birzos uzsitikrina moderaiakcijy birzy
infrastruktirg bei inovatyviausias prekybos sistemas. Kita verpastaraisias metais krito viduis
kapitalizacijos, vidutia apyvarta bejimoniy skatius.

Autokoreliacijos analiz rodo reikSmingas teigiamas akcijrazy autokoreliacijas tiek dienos,
tiek savaits laikotarpiams. ADF testas parodo alkckainy nestacionarug) tafiau taip randama
statistiSkai reikSming koeficient; prie kintamyjy, Zymirciy buvusias gyZzas. IS autokoreliacijos ir
ADF testo galima daryti iSvad kad Baltijos akcij birzose akcij kainos ®ra pilnai paaiSkinamos
AR(1) atsitiktinio klaidziojimo procesu ir akgijkaing pokyiai turi nusgjamumo, téiau tai nelatinai
reiSkia rinky neefektyvum.

Savaits dienos efekto testas rodo, kad Baltijos akdijrzose ®ra statistiSkai reikSming
skirtumy tarp akcij grazy skirtingomis sava#ls dienomis. Be to, negaliab atmesta ir kalendoriaus
hipotez, teigianti, kad akcij birzy grazos pirmadieniais yra tris kartus didésmei kitomis dienomis.

.Momentum® strategijos rezultatai rodo ripkneefektyvum. Buvo rasta, kad ,pardavimo®
portfelis, kui sudaro blogiausius rezultatus per pastaruosisisrimesius pasiekusios akcijos, pasiekia
reikSmingai mazesnes rizikaiertintas akciy grazas. Taip pat buvo nustatyta, kad nemokama stjateqgi
pirkti geriausiai pasirodziusias akcijas ir parduabgiausiai pasirodziusias akcijas turi teigiam
statistiSkai reikSming10.32% vidurk kuris negali bti paaiSkintas sistematia rizikos buvimu.

Raktiniai zodziai: rinl efektyvumas, Baltijos akgjj birzos, momentum strategija, saeait
dienos efektas.
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INTRODUCTION

Market efficiency is the subject that never getslated and that comes under discussions in the
academic world now and again. Efficient market Hhigpsis states that prices should reflect all
information. There are three forms of market effincdy that can be tested. Markets are considerbkd to
weak form efficient if historical price movements dot predict future returns. Semi-strong market
efficiency states that market prices include ablmly available information. Strong form efficiepc
requires that market prices reflect all public amside information. If markets were efficient, cabi
resources would be allocated in the best possible(Wama, 1970).

Market efficiency topic in the Baltic stock marketsalso relevant. The Baltic stock markets are
considered as niche markets from the global petisgedarket capitalisations and trading volumes
are relatively low. As Baltic markets are still ébwping, are not deeply researched and covered by
analysts, market efficiency there could be lowantlin developed markets. This would mean that
capital in the Baltics is not allocated properly.

This bachelor thesis will contribute to the knowgedabout the Baltic stock markets by
conducting research on weak form market efficienbgsts will be applied in order to find out if
market returns indeed follow the random walk moaiedl if there are strategies based on technical
information that could bring better than markeutts

Problem. How efficient are the Baltic stock markets?

Aim. Estimate market efficiency using statistical temtsl strategies based on historical stock
returns.

Objectives.

o Analyse the Baltic stock markets development, Btftacture and specifics
related to market efficiency.

o Analyse theory and empirical studies of marketcedficy.

o Examine if stock prices in the Baltic stock markitbow the random walk by
using serial correlation analysis and unit root. tes

o Test if superior risk-adjusted returns can be addeusing trading strategies

based on historical stock returns.

Resear ch methods. Augmented Dickey-Fuller test for unit root and akdorrelation analysis
will be performedto examine if returns in the Baltic stock marketioiw the random walk model.
Weak form efficiency will be researched furtherrgasuring day-of-the-week effect and momentum
strategy returns. OMX Baltic Benchmark Gl index atalcks from the Baltic main and secondary lists
in the period of 2003-2011 will be used as a datapde. For statistical calculations EViews will be
employed.



Structure. In the first part, infrastructure, development anbder specifics of the Baltic stock
markets will be analysed and the concept of magkatiency introduced. In the second part, theory
and previous research of the market efficiency mvestment strategies that are built on technical
information will be examined. This would lead tdroduction of the research methods that will be
used in this thesis. In the final part of the papmampirical research on market efficiency will be
conducted.

Relevance. Research of market efficiency would improve the Wisalge of the Baltic stock
markets. This would contribute to the developmdntarkets as more information and transparency
may attract investors, increase trading activityprbfitable investment strategies will be founhist
could improve market efficiency as investors woekgloit these strategies.



1. S TUATION ANALYSIS

1.1. Theroleand importance of efficient capital markets

According to Harris (2011), the main functions fbe financial system are to give ability for
people: to save money for the future, to borrow eyofor current use, to raise equity capital, to
manage risks, to exchange assets for immediatefiance deliveries, to trade on information. In
addition to these purposes financial system is msponsible for the discovery of the rates ofmetu
that equate aggregate savings with borrowings anthé allocation of capital to the best useshin t
aftermath of the global financial crises thererasny discussions if the current financial systembie
to achieve these goals. There are arguments tadintéincial markets are not rational, that irraéion
behavior results in formation of bubbles and disons of the system. In order to understand these
topics, the behaviour of the stock markets is fesdly analysed. Very often, efficient market
hypothesis comes under scrutiny as efficient stoekkets are essential for the financial system to
function in the best way possible.

The Baltic countries are not an exception and ®plwout financial system's behaviour, market
efficiency in Lithuania, Latvia and Estonia arecalsery important. Well functioning financial system
with the ability to allocate resources for the meificient uses is crucial for emerging economiks |
the Baltics. As a result, it is very significantiterease the knowledge about the Baltic capitaketa
as these markets are still young and little re$estc

As it was mentioned in the introduction, there tree forms of market efficiency: weak form,
semi-strong form and strong form efficiency (Fad®/0).

Weak form. “In the weak form of the efficient market hypotlsssecurity prices reflect all
past market data, which refers to all historicalcgorand trading volume information” (Clearly,
Atkinson, Drake, 2011, p. 135). This means thatneal analysis of stock prices would not bring any
knowledge that would be useful in predicting futatgcomes of stock movements. So unless the Baltic
stock markets are weak form efficient, superioumes can be achieved by analyzing historical trends
and behaviour of prices. According to Bodie, Kakrcus (2008), technical analysis is usually not
expensive and much time consuming, so it would desiple to exploit weak form inefficiencies by
undertaking profitable trading strategies. In they market and capital allocation efficiency woblel
improved. As a result, it is relevant to have timewledge about weak form efficiency in the Baltic
stock markets.

Semi-strong. Prices reflect all publicly known and availabldoimation including financial
statement data and financial market data. Semngtedficiency also includes weak form efficiency
(Clearly et al., 2011). As a result, no one coulket advantage by analysing information that other
market participants could also obtain. As with weak-form efficiency, knowledge about semi-strong
market efficiency in the Baltic stock markets isalmportant as financial analysts are eager tavkno
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the benefits of analysing public information anciddamentals of the Baltic companies. Moreover, if
markets are not semi-strong efficient, capitalasallocated effectively.

Strong form. Security prices fully reflect both public and mie information. This includes
both weak form and semi-strong efficiency (Cleaatyal., 2011). So with strong form efficiency one
can not earn abnormal returns even by using insid@mation. Strong form efficiency in the Baltic
stock markets would have both positive and negaives. On the positive side, strong-form efficienc
would mean that capital is allocated for the bes#su On the negative side, strong-form efficiency

would discourage investors, as without private rimfation they would be disadvantaged against
insiders.

1.2. Economies of the Baltic countries

It is beneficial to quickly review Baltic economibefore research of the stock markets. Many
investors use top-down approach in choosing tieiestments. In the top-down model, analysts start
securities selection process by firstly analysingnemic environment (Nagorniak & Wilcox, 2011).
Better economic outlook is favourable to stock retskand could lead to more market activity. As a
result, capital markets and economic developmenirderrelated and with the notion about the Baltic
economies it is easier to understand the spedfitse stock markets.

Economic downturn hit all Baltic countries realgird. In the build-up of the economic crises
small but open economies were fuelled with cheagditrEconomies were booming, asset prices were
increasing and banks were lending carelessly ks sisemed to be low. This created classical “btibble
that was based on irrational behavior and thattedrogether with the global financial crises ané t
prices in stock markets. In 2009 all Baltic econesnexperienced double digit decreases in their GDP
(see Figure 1). However, all Baltic countries mathgo rebalance their economies. Internal
devaluation with price level and wages deflatiofpbé countries to regain competitiveness and this
resulted in the current account surpluses. Cugresgdbnomies seem to be robust and well prepared to

continue recovery from the deep crises with thetpesprojected growth in the coming years (see
Figure 1).
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Net international investment position (NIIP) is #m&r macroeconomic indicator tfis relevant
when analysing capital markeBefore the economic crises, all Baltic states decreasing NIIP (see
Figure 2). Admissin to the European Union ¢ fast growing economies encouraged investors tc
money in the Baltic counts. This was favourable - the stock markets, athey enjoyed more
attention and investments by the foreigners. Howawe2009 and 2010 NIIP deficit began to shri
Nevertheless, the Baltic countries managed to alawgk capital outflows from tlir economies and
this indicatedthan even steeply ddning economies did not discourageernational investor The
Baltic economies did not devalue their currenceesitrolled their public finances in the prudent v
and this would lay an attractive ground for fore&gnto invest in the stock marketsthe future.
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Figure 2 Net international investment position, millionsEJR
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1.3. Trading system and environment of the Baltic stock exchanges

Baltic stockexchanges are integrated into Nasdag OMX g— one of the leading operas of
stock markets. This ensures continuous developmkthe Baltic stock markets infrastructuiand
innovativeimprovements to the trading systeFor example, aecent introdution of Nasdag OMX
INET trading system “has ushered in the arrivallgorithmic trading and the even more com
high-frequency tradig on the Baltic markets'Nasdaq OMX GrougNOG], 2011, p. 4) giving new
opportunities for investors. Nasdaq OMX Vilnius addsdaq OMX Tallinrhave euro as trading and
settlement currencgnd this makemarketsmore easily accessible for foreign investors. Ngd®X
Riga is planning to introduce euro in its st market in the nearest futurd/hat is moreBaltic stock
markets payhigh attention to invest relations and corporate governance with Balticituis of
Corporate Governance and Baltic Market Awardshe main contributoraNOG, 201)).

The Baltic stok markets are divided into thriists (see Table 1)[he Baltic main list has the
strictest requirements on market capitalisatioee filoat, operating history and accounting priresg
Companies that artraded on this list te to be the most liquid, transpareand attract the most
attention from investors. Currently, there are 8ihpanies on the Baltic main li Baltic secondary list
has lower requirements amdost notabl no minimum free float requirement which often ré¢s in
companies being illiquid. There are 43 companiesttos list. First north Baltic list is the lee
regulated and is iitquite unpopular with only 1 company being fledtthere
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Table 1. Requirements for being listed

Baltic Main List Baltic Secondary List First North Baltic
Regulated market Regulated market Alternative marketplace
Market cap of at least EUR 4 million Market cap at least EUR 1 million in | No minimum requirements

Nasdag OMX Tallinn and Nasdag OMX
Vilnius (with exceptions applied)

25% free float or at least EUR 10 | No minimum free float requirements No minimum requirements
million
Three year operating history 2 year operating history in Nasdaq | No minimum requirements

OMX Vilnius (with exceptions applied)

IFRS/Generally Accepted Accounting | IFRS/Generally Accepted Accounting | Local standards or IFRS
Principles Principles/ local standards (Riga)

Source: Nasdaqg OMX Group (2011)

1.4. Development and performance of the Baltic stock markets

The Baltic stock markets are still underdevelop@dspite deep economic crises and slow
recovery of GDP, market capitalisation as a sh&@@P was only 7.8% at the end of 2011, almost as
low as in 2008 (see Table 2) while the averageEiamopean Union was 56.65% for 2011 (Eurostat,
2012). The surprising fact is that despite reldyivew market capitalisation as a share of GDP, the
number of companies listed was decreasing stefxdity 2005 until now. Companies were choosing to
be delisted and the IPOs market was very smallrage company capitalisation in the Baltics is only
65.1 million euros. Market turnover is also on tecreasing trend. From 2.6 billion in 2005, it
decreased to only 401 millions in 2011.

Table 2. Baltic stock markets statistics

2004 2005 2006 2007 2008 2009 2010 2011
Market capitalization (MEUR) 10587 12081 14341 13096 5178 6386 6846 5206
Market turnover (MEUR) 1065 2603 2460 2386 978 495 488 401
Number of companies 95 104 98 929 94 90 87 80
Number of IPOs 1 3 3 3 1 0 2 0
Average company capitalisation 1114 116.2 146.3 132.3 55.1 71 78.7 65.1
Market cap (% of GDP) 27.1 26.8 26.8 19.9 7.2 10.8 114 7.8

Source: Nasdag OMX Group (2011), Eurostat database

On the positive sidall three stock exchanges in Lithuania, Latvia Bstbnia performed well
(see Figure 3) and brought returns that are supgrithose in the most developed markets. From the
beginning of 2003 to the end of 2011, OMX Vilniugwy at the most rapid pace with the overall index
change of 252.42% and yearly geometric averagetofnis equal to 15.02%, OMX Tallinn brought the
index change of 150.00% with yearly geometric ageraf returns equal to 10.72% and OMX Riga
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increased by 89.2% with yearly geometric average of ret. equal t07.35%. Theseeturns compares
well with the world index that isonstructed by MSCI and that includes both develaped emergin

markets. This index brought a total return of 5808dith geometic average of 5.28%see Figure 3)
which is significantly lower than returns in thel@8amarkets.The limitation is that th comparison
does not account for risk. Howeveavourable historical returns apdsitive economic outlook in tf

Baltic countries may b#he reasons for invess to increasehkeir attention to these mark.

Figure 3 Returns of the Baltic stock markets and worlalstode>
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1.5. Factors contributing to and impeding market efficiency in the Baltic stock
markets

The specifics othe Baltic stock markets are two si. While on the one hand the Baltic stc
exchanges have modern infrastructure regulation, improving investaelations, on te other hand
there is diminishing activity in the marke It is essential to examine impltions of Baltic stock
marketsproperties to market efficienc According to Clearly et al2011), the main factors that c
affect market efficiency are market participantéormation availability, financial disclosure andhits
to trading. These impediment®w will be analysed fi the Baltic stock markets to evalui if they
could prevenBaltic capital markets from performing its te—to allocate capital efficiently

1.5.1. Market participants

A large number of investors, high trading activayd financial analysts that cover the marl
increase market efficiency as mispricing idckly noticed and disappears (Cle¢ et al., 2011). This
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implies that in an active market with a lot of peipgants overvalued and undervalued securitiesrvait!
trade far from their intrinsic (“fair”) values asvestors will take profit opportunities and dis@apy
between market and intrinsic value will vanish.

As a result, emerging stock markets that are lysualered by fewer analysts in theory should
be less efficient than well developed stock markatsit is seen from Table 2, which was analysed
previously, market activity in the Baltic stock rkets is low and has even been decreasing. Reducing
number of companies, lower capitalisations andidieg) turnovers could all contribute to market
inefficiencies. With these trends in line, it isrther to attract investors and to increase marketrage
as mutual funds and professional investors areacatd by markets with better investment
opportunities and higher liquidity. Their trades fime Baltic stock markets could be limited as
illiquidity could prevent from entering and closingpsitions in stocks and thus profiting from
mispricing.

1.5.2. Information availability and financial disclosure

Information availability regarding traded companiaad trading activities, deep market
coverage, fair and equal financial disclosure pdaces improve market efficiency (Clearly et al.,
2011). Without available and timely informationwibuld be complicated to evaluate stocks fairly and
companies may be traded at market values deviededtheir intrinsic values for prolonged periods.

Rules regarding financial disclosure in the Ba#tiock markets are similar to those in more
advanced markets. Companies must disclose any ialatd@ormation that could affect stock prices
without delay and to all market participants siran#ously to guarantee equal opportunities to all
investors (NOG, 2011). These rules protect invesiam discrimination and enhance their confidence
in markets.

However, companies in the Baltic stock markets aliohave a long history of being listed. As a
result, lack of experience provides a challengasktfor companies to keep their investor relatans
high level and this area could possibly constraarkat efficiency in the Baltics. In order to impsov
the way companies communicate and behave with iorsgesNasdaq OMX Baltic Market Awards were
established. The criteria for evaluation are thaligu and timeliness of annual reports, corporate
governance reports, interim reports, announcementhe stock exchange, company websites and
overall availability, reliability and the qualityf anformation disclosed by the company (Nasdaqg OMX
Baltic, 2012. This initiative contributes to the developmeritiovestor relations tradition in the
Baltics, but the improvement is hard to measure.

Belonging to Nasdaq OMX group is beneficial for tBaltic stock markets not only because
this provides modern trading infrastructure, bwoabecause this ensures that relevant statistits an
information about the Baltic stock markets will fngblished and accessible for investors. For example
from the February 1, 2012, OMX Baltic started te usdustry Classification Benchmark to divide
companies into different sectors (see Figure 4)rddwer, Nasdag OMX Baltic provides wide variety
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of information productsto vendors with distribution agreem, including real time informatior
trading data with 15 minutes delay, basic analgsita or batch datilisted companies can also t
services of GlobeNewswire, a NasdOMX company, to distribute their news efficier and
effectively (NOG, 2011).

Figure 4.Companies in each sector, percen
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W Easic Materials
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Source: Composed by author on the basilNasdag OMX Baltic data

To sum up,companies irthe Baltic stock markets hawsegood ground to have effective ¢
high quality investor relationcconsisting ofrules that ensure fairness, irmation channels that
guaranteesffective distribution of news and Nasdaq OMX Bakixchange that securthe quality of
dtatistics. On the other hand, compardo not have much experience of being lisand this may be
animpediment to market efficienc

1.5.3. Limitstotrading

Clearly et al.(2011) states that market efficiency is also impledg operating inefficienci
that result from difficulties in executing trades a timely manner, various limits to tradir
prohibitively hightrading costs or lack of transparency in marketesi With these obstac present,
it is harder tarade actively anibenefit from misprcing, to conduct arbitrage operations and to b
prices to their fair values.

The Baltic stock markets are easily accessiblenfgestors. Nasdag OMX Baltic ha common
trading system, rules and requiremefor Vilnius, Tallinn and Rigaexchanges and this allo
investors to trade and settle efficiently betwedwsa three marketdnvestors with an account in one
the three countries can access other Baltic maxat®ut openinca new accour. Overall, there are
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37 Nasdaq OMX Baltic members through which investoan reach the Baltic markets. Moreover,
modern trading system INET ensures timely executidnades. (NOG, 2011).

The impediment to market efficiency could be thet fhat short selling is not allowed in the
Baltic stock markets. This restriction does notl@@anvestors who notice overpriced securitiesatet
advantage of mispricing of the security. Howevheg éffect of short selling to market efficiencyais
disputable question. Many analysts and other ppaints in the financial markets argue, that short
selling may be damaging. They propose that shdigrsemay start borrowing and shorting stocks of
even healthy and fairly priced companies, distregtheir stock prices. Decreasing prices attraehev
more short sellers and declining stock value besoaself fulfilling prophecy. These arguments are
hard to examine, but the fact is that very oftemirdufinancial turmoils short selling is banned by
regulatory agencies to avoid such cases.

1.6. Summary of the situation in the Baltic stock markets

Market efficiency topic in the Baltic stock marketeserves attention due to the importance of
well functioning financial system. Baltic countriaee emerging and evolving economies and efficient
capital allocation is crucial for their developmenhese countries attract investors because ofeptud
economic policies and higher growth opportunitleantin Western Europe. Moreover, the Baltic stock
markets have modern stock exchange infrastructudleregulatory environment. Eventually, this may
lead to higher market efficiency in the Baltics. @ other hand, decreasing capitalisation, average
turnover and number of companies in the Balticlstoarkets are the factors that could impede market
efficiency. Lower trading activity and less covezagan be the obstacles for securities to be fairly
priced.

To sum up, there are both arguments for and agmiasket efficiency in the Baltics, so it is
essential to research the situation more deeplyprder to make the situation in markets more
transparent.
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2. THEORETICAL BACKGROUND AND EMPIRICS

2.1. Market efficiency in theory

2.1.1. Market efficiency and itsforms

According to Bodie et al. (2008), efficient markstpothesis states that stocks already reflect
all available information. New information is imiisle to predict and this results into unpredidigbi
of stock returns. If one would be able to prediotk price movements and profit from that, this ¥dou
mean that all available information was not incldide prices and markets are inefficient.

Fama (1970) indicated sufficient conditions for kedr efficiency: no transaction costs,
information costlessly available to all market paptants and there is an agreement about implicatio
of current information for the current price andtdbution of future prices. In the real world tkes
conditions are not met, but as Fama stated, marketg be efficient if these conditions are met
sufficiently, not necessarily perfectly. Other farst that may impede market efficiency have already
been discussed in the section 1.5 and will be dismussed in the behavioural critique section.

Forms of market efficiency have also been intrediidut as these concepts are so important
they will be reviewed below in a more detail. Tirsmework was first time proposed by Fama (1970),
where he divided market efficiency into three forofisveak form, semi-strong form and strong form
depending on the kind of information prices shaantwbrporate.

The weak form efficiency. According to Bodie et al. (2008), in the weak foefficient market
prices should reflect all information that can legided from market trading data including the higto
of past prices, trading volume and short inter@ie trend analysis is fruitless, as market data is
publicly available and can be cheaply obtainedhdfe were profitable trading strategies with tdka
signals, all investors would rush to exploit thatlasignals would loose value. So in the weak form
efficient markets there is no use of analysing éxl information.

There are two general approaches to test weak rizairket efficiency: one approach is to see if
there is serial correlation in historical stockures which would indicate predictable pattern and
another is to test various trading strategies basekistorical market data (Clearly et al., 20I)ere
are many technicians who argue that trading on etatéta is profitable. Technicians believe, thét “i
the stock price responds slowly enough, the analysbe able to identify a trend that can be exiglo
during the adjustment period” (Bodie et al. 2008236-236). So by looking at the history, they etpe
to profit on sluggishness of price changes.

The semi-strong form efficiency. Bodie et al. (2008) states that semi-strong efficiaarket
prices should reflect all publically available infwation regarding the prospects of the firm, which,
addition to past prices, includes fundamental datahe firm's product line, quality of management,
balance sheet composition, patents held, earnimgxdst and accounting practices. As semi-strong
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efficiency also involves the weak form efficienay,semi-strong efficient markets investors could no
benefit from all types of public information.

Common approach to test semi-strong efficiencywenestudies, where researchers look at how
quickly stock prices adjust to new information suah stock splits, earnings announcements or
dividend changes. If prices are slow to react dmetet are trading opportunities some time after
announcement is made, markets are not informatioetiicient (Clearly et al., 2011).

The strong form efficiency. This is quite extreme hypothesis, as it requiresd gtock prices
include all information relevant to the firm, evédre information known only by the company insiders
(Bodie et al. 2008). Nevertheless, there are lagasnat insider trading, as using private informatio
would discriminate other investors. In the stroongrf market efficiency, capital would be allocated i
the best way possible. However, as investors wdngddiscriminated against groups with inside
information, this would reduce confidence and tpamsncy in the capital markets.

To test strong — form efficiency, researchers Idokvestors can earn abnormal returns trading
on non-public information (Clearly et al., 2011).

2.1.2. Market efficiency models

The expected return model. In one of the most important papers on market iefiicy, Fama
(1970) stated that early works on market efficiehay concentrated on “expected return theorieg” tha
were based on assumption that market equilibriumhbmsa stated in terms of expected returns, which
could be described notationally as:

E(@41|P) = [1 +E@ 1] PP

where E is the expected value operaggy;is the price of security j at time gy ;4 is its price at t+1;
7j ¢+1 1S the one-period returm, is information that is assumed to be "fully reflt’ in the price at t;
and the tildes indicate thgt;,,, andr; .., are random variables at t. So in the efficientkets, the
expectation about the price in the futgpigg—;;r1 is dependent on all available informatidpn today.

Fama (1970) also introduced “fair game” varialiewhich is the expected excess price of the
stock and is equivalent to zero:

E(fj,t+1 |P) =0

According to Fama (1970), this theory meant thatifbrmation &, must be utilized in
determining equilibrium expected returns no mattbat theory on expected return was used. This
theory lead to a “fair game” model — expected exqesfit of any trading strategy is zero. This ooti
that in the efficient markets all available infortiea must be included and that there should nairpe
trading strategies that can bring excess returmshar core of efficient market hypothesis and mainy
the empirical tests fall within this model.
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The submartingale model. The lying fundamentals of this model are pretty@erand easy to
test. According to Fama (1970), model can be erpthby the equation:

E(41|0) = 0

which means that if expected returns conditionakigrare non-negative, trading rules baseddgn
where investor decides when to hold, buy or selisgy can not be more profitable than buy and hold
strategy. As expected returns on equities are thgesitive, in efficient markets the optimal stgte
would be for investors to hold maximum amount afsgies in all periods.

The random walk model. According to Fama (1970), the underlying assumpfion the
random walk are that the successive price changesndependant and identically distributed. The
model can be decribed as:

f(rj,t+1|q)t) = f(7}‘,t+1)

which means that the conditional and marginal podity distributions of an independant random
variable are identical and do not depend on inféiona available. So in the random walk model, each
period return should not depend on previous perietisrns and should have the same distribution
through time with constant expected returns.

However, the random walk model is stricter than #épected return model and market
efficiency does not require for stock returns tboke the random walk. For example, if large price
changes tend to be followed by large price chanm&she sign of the successor change is randam, th
will violate the random walk model, but not the ketrefficiency. Moreover, market efficiency does
not require expected returns to be constant thraliffgrent periods, but the random walk model does
(Fama, 1970). Nevertheless, the random walk madsill widely used to test market efficiency.

2.1.3. Impedimentsfor resear chersof market efficiency

Research of market efficiency is a complicated enmatBodie et al. (2008) indicates these
factors that make the conclusion of market efficiehard to reach: the magnitude issue, the sefectio
bias issue, the lucky event issue and the issuslopremiums.

The magnitude issue. According to Bodie et al. (2008), it is hard to waes the question “Are
markets efficient” because this is very subjecti@el% increase in returns with an active trading
strategy would not be noticeable for small invesbart would constitute a large profit for a mutual
fund. Difficulty to conclude the magnitude of mispng that would lead to market inefficiency makes
“How efficient are markets” the more proper questio answer.

The selection bias issue. Efficient market researches may be biased becalues selection
bias, as positive outcomes of market efficiency maye been preselected in favor of failed attempts.
Investors who find profitable strategies are edgezxploit them rather than to report to others and
that way make strategies useless (Bodie et al8)200
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The lucky event issue. Bodie et al. (2008) indicated another caveat tackmion about market
efficiency: even if profitable strategies are foutids may be because of pure luck or becausetaf da
mining, as with so many trading strategies someheilprofitable only by chance.

Risk premiums or inefficiencies? Bodie et al. (2008) also stated that some of theketa
anomalies may be because trading strategies thah rabnormal returns include riskier stocks. So
research of efficient market hypothesis is alsoadga by the need to use reliable asset pricing Imode

2.2. Thebehavioural critique

I nformation processing and behavioural biases

School of behavioural finance has long been an sipgoside to efficient market hypothesis
and to models that assumes rational behaviour. \Balval finance approach argues that some
financial phenomena can be understood using mad&kich not all agents are fully rational. Agents
may not process information correctly, or even gsiarrect information still make suboptimal choices
(Barberis & Thaler, 2003).

Information processingBodie et al. (2008) distinguish forecasting erravgerconfidence,
conservatism and representativeness as informgtiooessing biases that could lead to irrational
behaviour and market inefficiency. As authors code| these biases could be responsible for
anomalies observed in markets. For example, coasenv may lead to momentum properties of stock
markets, as information may be reflected only gediglun the stock prices.

Behavioural biaseBodie et al. (2008) summarise biases that could teanefficient use of
information: framing, mental accounting, regret idamce and prospect theory. These biases can also
explain market anomalies. For example, mental adooy could lead to momentum in stock markets,
as investors owning successful stocks may becosgerisk averse and by buying more of the same
stocks push up prices even higher.

Limitsto arbitrage

According to Barberis and Thaler (2003), even wimspricing is noticed, strategies to exploit
mispricing can be both risky and costly, limitirfigetability for rational agents to bring asset miback
to their fundamental values. Consequently, evahedfe are no strategies that can bring risk-adjuste
excess returns, this does not mean that marketsffacient. Assets may be traded deviated fromrthei
fundamental values and this could induce inefficieapital allocation. Limits of arbitrage can be
grouped as fundamental risk, noise trader risk,ehosk and implementation costs.

Fundamental riskAccording to Barberis and Thaler (2003), when inoesattempt to benefit
from mispricing, they can not avoid risk that urdavable news will adversely affect their positiés.
a result, trying to exploit mispricing in stock rkats is not a risk free arbitrage.

Noise trader riskAnother impediment for arbitrage that was notedBarberis and Thaler
(2003) is that mispricing can continue for prolodgeeriods. Arbitrageurs may be forced to liquidate
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their position before they benefit from securityirgpback to its intrinsic value. This adds risk and
makes arbitrageurs more cautious.

Implementation costAccording to Barberis and Thaler (2003), bid-ask spread, trdimsac
costs, commissions, short-sale constraints areaatsung the factors that limit arbitrage. Findinglan
learning about mispricing can also be classifiedrgdementation costs.

Model risk. Bodie et al. (2008) indicate anothiemit of arbitrage: arbitrageurs can be wrong
about the mispricing. Their models may be incoread arbitrageurs must be highly certain about the
mispricing to undertake arbitrage.

Summary

Behavioural finance offers explanation for the hebar that should not occur in the efficient
markets. Anomalies could result from psychologimalses of economic agents as they do not process
or use information rationally. Moreover, many impeents exist to arbitrageurs and even when
mispricing is noticed, it may be hard to take adsga and bring back assets to their intrinsic alue

2.3. Overview of existing studies (weak form efficiency in the stock markets)

In this thesis only weak form efficiency of the Balstock markets is tested, so only previous
research on weak form efficiency will be review&tere are mounting amounts of empirical work on
this topic, so it is impossible to examine all teevant research. However, most influential papeiis
be presented.

2.3.1. Studieson market efficiency in the Baltic stock markets

Butkutt and Moginskas (1998) investigated 25 stocks listed inBh#ic stock markets. After
using Augmented Dickey-Fuller test and autocorr@tatinalysis, authors indicated, that for 9 stocks
weak form efficiency can be rejected.

Kvedaras and Basdevant (2002) analysed weak fofigiegicy for the period of 1996-2002.
Authors used variance ratio methodology and stitatiLithuania’s and Estonia’s stock markets were
moving towards weak form efficiency with slight aabrrelations left. However, huge inefficiencies
were found in the Latvian stock markets.

LeviSauskai and diras (2003) investigated weak form market efficiefaryVilnius, Riga and
Tallinn stock markets using data from the periodl®898-2001. By conducting autocorrelation and
random walk analysis for different stocks, they doded that weak form efficiency can not be
accepted for any of the markets. However, they atgoed that significant autocorrelations would not
necessarily mean that investors can earn exce8tspro

To sum up, empirical studies for market efficierinythe Baltic stock markets are scarce.
Mainly by using autocorrelation and random walklgsia, researchers found some evidence of market
inefficiency, however, they could not conclude thmbfitable strategies can be adapted to earn
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abnormal returns. Moreover, researchers did nitoetde on the aspect that autocorrelations and non-
random walk behaviour do not necessarily mean mankéiciency, rather, as Fama (1970) stated, this

could be the outcome of changing required risk juem. Furthermore, previous research lacks testing
market efficiency by conducting different tradinyasegies or analysing other anomalies (such as
calendar effects). So there is obviously a needrfore research which would also include recent data
samples.

2.3.2. Serial corredation testsfor other markets

In a review of early work on market efficiency, Far(il970) indicated that possible market
inefficiencies occurring from serial correlationedaother anomalies do not have much economic
meaning as it could not be exploited profitablym@a(1970) concluded that “evidence in support of
efficient markets model is extensive, and (somewinéjuely in economics) contradictory evidence is
sparse” (p. 416).

Conrad and Kaul (1988) examined serial correlatiohontinuously compounded weekly
returns in the NYSE stock markets for the period @2-85. They constructed 10 portfolios based on
market value. Conrad and Kaul found that all pdidfo experienced significant first order
autocorrelation which decay over longer lags. Tinst forder autocorrelation was highest for the
portfolio with the lowest market capitalization sks (0.41) and declined consistently for largecikto
portfolios (0.09 for largest portfolio). This maydicate, that smaller capitalization stocks areveloto
adjust to their true values and thus are lessiefficLo and MacKinlay (1988) found similar resuits
almost the same data set. They discovered signifeatocorrelations of weekly and monthly holding
period returns. Authors rejected random walk hypsit and concluded, that rejection was not due to
infrequent trading or changing volatilities.

Fama and French (1988) discovered significant thegautocorrelations for returns beyond 1
year for the 1926-1985 period in the NYSE stockkets. They found that first order autocorrelations
for increasing return horizons form U shape. Negatutocorrelations become negative for 2 year
returns, reach minimum values for 3-5 year retand move towards O for longer horizons. Results
were in line with the theory that stock prices halewly decaying stationary component, which
according to authors, may be missed and is hawalerotice for short-horizon returns. They also
concluded that autocorrelations may occur due éontiarket inefficiency or time varying expected
returns.

In another influential paper, Poterba and Sumn(@@87) found that returns are positively
serially correlated over short horizons and neg#tivautocorrelated over long horizons. They also
highlighted that very high variability in requiregturns would be needed to explain the degree ahme
reversion in prices.
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To sum up, serial correlation analysis as a méaesting weak form efficiency is widely used
for different markets. Researchers tend to finditpas serial correlations for shorter periods and
negative serial correlations for longer periods.

2.3.3. Day-of-the-week effect and momentum strategy in other markets

Jegadeesh and Titman (1993) found the momentupegres in stock returns for NYSE and
AMEX stocks. By using strategy of buying best aedisg worst performers during last 1-4 quarters
and keeping this strategy for 1-4 quarters theyagad to achieve abnormal returns. Conclusion was
that these abnormal returns are not due to sysienmsit or delayed reactions to common factors, but
rather because of delayed price reactions to fpectisic information. Moreover, authors documented,
that abnormal returns for past winners tend tonss/éd you keep stocks longer than 1 year. In agroth
influential paper, Moskowitz and Grinblatt (1999uhd momentum behaviour for industries.
According to their calculations, buying stocks frpast winning industries and selling stocks froretpa
losing industries are highly profitable even aftentrolling for risk. Various momentum findings,
however, not consistently, were also confirmed thepresearchers.

Day-of-the-week effect is another market anomhbBt is well documented by researchers. In
extensive analysis across different markets, rebees found that asset returns vary between days of
the week. For example, early researchers indidskenday effect when asset returns on Monday are
consistently negative or lower than on other ddythe week. Cross (1973) found this anomaly using
New York Stock Exchange data for the period of 12930. French (1980) tested two hypotheses:
trading time hypothesis under which stock retumesgeenerated only during trading days, and calendar
time hypothesis, under which stock generating m®dg a continuous process and expected return on
Monday should be three times higher than expeatdns on other days. Results from the period of
1953-1977 were found inconsistent with both hyps#ise as returns on Monday were negative and
significantly lower than on other days. By analgsidS stock markets, Gibbons and Hess (1981)
confirmed Monday effect using different data setd aould not find reasonable arguments for this
phenomenon. They also discovered, that varianddanday is higher than on other days.

Both momentum strategy and day-of-the-week eftectradicts market efficiency. Moreover,
the fact that these anomalies are found usingrdiftedata samples and different stock markets seem
deny that findings are caused by biases reviewedaisly (see section 2.1.3.).

2.4. Empirical methods
Statistical tests

In the first part of the weak form efficiency aysis of the Baltic stock markets, serial
correlation tests will be conducted. As Fama (19t8)es, “observations of a “fair game” variable ar
linearly independent. But the “fair game” model slo®t necessarily imply that the serial covariances
of one — period returns are zero” (p. 392). Sorgento test the Baltic stock markets on the groohd
“fair game” model, it would not be correct to ruerial correlation tests of stock returns. Rather, i
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would require to test if excess profits adjuste@xpectations are serially correlated. In a “famg”
model expectations of stock returns are allowedatty, so it would be very complicated to conduct
such tests, as their results would highly depenthersuccess of correctly measuring expected return
in each period. Thus, in this research serial tatiom analysis will be conducted in line with the
“random walk” model. As it is mentioned in the deéston of the “random walk” model, market
efficiency does not require random walk. Howevemmi (1970) states that “random walk” assumption
does not greatly affect results of covariance tastsserves as gross approximation from the viemtpoi
of the general expected return efficient marketsliehoTo further test “random walk” assumption and
to get more information about time series of théiBatock markets returns, unit root test will@lse
performed.

2.4.1. Autocorrelation analysis

The k-th order autocorrelation can be describethbyformula:

Y- Dy - D)
- (Y, —7)2

Tk
This gives us the correlation between observatibasare k periods apart (Hill, Griffiths, Lim, 2011
Identical equation is used by EViews and consedy@nthis paper.

To test for the significance of the serial cortielas Ljung-Box Q-statistic is used:
m pz
k
LB = + 2
n(n ) v —

where n is sample size, k is lag length ands estimated autocorrelation. Using this statigtigs
possible to test hypothesis that all correlatiopguare zero. Ljung-Box Q statistic follows chi-square
distribution with m degrees of freedom. If complLi@ statistic exceeds the critical Q valyerfth m
degrees of freedom) from chi-square tablg,cbh be rejected that aii, are zero (Gujarati, 2004).
EViews automatically calculate p-values associat@t Ljung-Box Q-statistics, so p-values will be
used for hypothesis testing.

Ho: all autocorrelations up i@, are zero
Ha: at least one autocorrelation uppipis not zero

In addition, each autocorrelatign, will be tested for significance separately. Acdogdto
Guijarati (2004), if time series is purely randond axhibits white noise, in large samples the sample
autocorrelation coefficients are approximately naliyndistributed with zero mean and variance equal
to 1/T. So using Z values from standard normalesbtonfidence intervals can be constructegbfor
To be significantly different from zero at 0.05 é&wf significancep, must be outside interval

1
+1.96 x —
VT
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To be significantly different from zero at 0.01 &wf significancep, must be outside interval
+2.58 !
08 * —
- VT

Data. Daily and weekly continuously compounded rmretuof OMX Baltic Benchmark Gl
benchmark will be used to compute correlations betwreturns and lagged returns. OMX Baltic
Benchmark GI index includes most liquid and highespitalisation companies and will serve as a
proxy of the Baltic stock markets. Period: 2003-204arch 31.

2.4.2. Unit root test
According to Koop (2006), autoregressive AR(1) madm be described:
Yt =a+ cDYt—l + et

whereY; is dependant variabl&,_is explanatory variable (dependant variable lagggdne period),

a is intercept ana; is residual. Ifd = 1, Koop describes the behavior of the time seriggbke as
unit root nonstationary, and | < 1 as stationary. H; is nonstationary, then autocorrelations will be
near one and; will have long memory — autocorrelations will drop much for higher lags. In this
case AY; will be stationary and referred as differenceisteatry series (Koop, 2006). Stationary time
series will have time invariant mean and varianb@encovariance between variables will only depend
on the length of time separating variables, nothenactual time period taken (Hill et al., 2011hisT
has important implications to the random walk mdtat will be tested, as AR(1) model with= 1:

iV—Ya=ate

is defined as random walk with drift. So if AR(1)odel regression is run for stock prices and it is
found thatd® = 1, it can be concluded that stock prices are ndpstty, exhibits random walk with
drift behaviour and the returns of stocks are &eraepta with a random errog, (Koop, 2006).

While testing if stock prices in the Baltic stoclarkets have unit root and experience random
walk behaviour, more general autoregressive modeélbe used. In addition to one period &g ,,
more lags will be included in the autoregressivaleh@s they could also be important in explaining
time series properties and without them testingufat root may not be valid (Koop, 2006). Lag ldngt
will be selected automatically by EViews. Moreoveéeterministic trend, will be included as trend
behaviour can be a simple function of time withcatled deterministic trend. So the model can be
described as:

Yt = a+CI)1Yt_1+ ...+(Dth_p +6t+et
and after subtracting_,and rearranging we get
AYt =a+ th—l + ylAYt—l-l_ . )/p—lAYt—p+1 + 5t + et

wherep, 4, ..., ¥p-1 are simple functions ap (Koop, 2006).
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This is the final model that will be used to tiéshe stocks in the Baltic stock markets have unit
root and experience the random walk. In hypothtesisng,p will determine our conclusion about unit
root and random walk:g‘= 0 implies that the AR{) time seriesy contains a unit root; if -2 $ <0,
then the series is stationary.” (Koop, 2006, p.)1B9values associated with Dickey-Fuller tau stais
are used for hypothesis tests concernmgt distribution is used to test significance ohet
coefficients.

Data. Daily and weekly prices of OMX Baltic Bencark Gl benchmark will be used to test for
unit root. To fit data into linear regression, matdogarithms of prices will be taken. Period: 200
2012 March 31.

Ho: stock prices contains unit root= 0
Ha: stock prices do not contain unit rgok 0

0.05 level of significance is used in tests.

2.4.3. Day-of-the-week effect

Tests will be applied in order to find out if theaiee any day-of-the-week effects in the Baltic
stock markets. If, for example, it will be foundathone of the weekdays experiences significant
negative returns, it would contradict submartingafiicient market model and would make trading
strategies based on rules when to buy, hold ardssetrities theoretically possible (at least when
transaction costs are not included). Two hypothaesiésred by French (1980), will be examined. First
one is trading day hypothesis, which states thatme between different weekdays should be the same
The second is calendar day hypothesis, which sthtsreturns on Monday should be three times
higher than returns on other days, as Monday retaccount for three calendar days.

Trading day hypothesis

Most of the previous researches, including infli@maper by Gibbons and Hess (1981), used
this equation to test day-of-the-week effects:

Ry = byD1t + by Dyt + b3D3y + byDys + bsDsy + ¢

whereR, is the return in period D),, is dummy variable with value 1 if the day is Mogdand value O
otherwise D,; is dummy variable with value 1 if the day is Tuggdand value 0 otherwise and so pn.
is error term which is assumed to be independeamityidentically distributed. The coefficients tha¢
calculated with OLS method are the mean returns fonday to Friday.

H, is that means are equal
HO:bl =b2 =b3 =b4 =b5

H, is that at least one mean is statistically difféfeom others.
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To test this hypothesis, ANOVA F-statistic will hesed. Hypotheses are tested at 0.05 level of
significance.

Calendar day hypothesis
Regression for calendar day hypothesis will besdrae as used by French (1980):

where values of dummy variables are the same #&®dmg day regressiom, measures one third of
Monday return, is error term which is assumed to be independeamtti/identically distributed.

H,: if returns on other days are one third of retuonsMonday, coefficient®, throughbs
should not be significant.

Ho:b2=b3=b4=b5=0
H,: at least one coefficient is statistically sigcént.

Data. Daily continuously compounded returns of ORltic Benchmark Gl benchmark will
be used to test the day-of-the-week effects. Pefi0d3-2012 March 31.

2.4.4. Momentum strategy

The common approach of researchers who test momeptaperties is to use 3-12 months
intervals. Using shorter intervals are transactiotensive and may be biased because of lack of
liquidity or due to bid — ask spread, while in lengperiods abnormal returns of the momentum styateg
tend to diminish (Jegadeesh & Titman, 1993).

Building portfolios. Momentum strategy will be constructed based on éhths interval.
Strategy will be similar to the one described bgatkeesh and Titman (1993). Trading rule will be to
buy 10% of stocks that performed best (buy poradind sell 10% of stocks that performed worst (sel
portfolio) during the last 3 months period and tdhthe portfolio for 3 months. All stocks in the
portfolios will be equally weighted and the porié® will not be rebalanced through the holding
period.

Liquidity requirements. There were many illiquid stocks during the perimfdour interest
(2003-2012 March 31). Therefore, it is necessargdapt liquidity requirements for the sample from
which stocks can be selected in the portfolios. 8anm each 3 months period will be constructed
using the following procedure. First, all shareattivere listed on the Baltic stock markets during t
quarter analysed and had the turnover higher thaill e taken. Then, the average turnover pereshar
will be calculated. In calculating average turnoper share, stocks that accounted for more than 30%
of the total Baltic stocks markets turnover will &ecluded to avoid distortions due to unique events
such as when shares are traded very heavily béfeireg delisted. Finally, shares, which had the
turnover lower than 20% of the average turnoverspare, will be deleted. Liquidity requirementsl|wil
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reduce distortions of stock returns that can odogr to high bid-ask spreads and the absenceafidli
stocks will also make momentum strategy easiexéugte.

Calculating returns. Portfolios will be formed based on discrete retdorsula:

R ——( b 1) 100
T\po )T

where R; is return at time tpP; is stock price at the end of the peridl,; is stock price at the
beginning of the period. This equation accounty éoi capital appreciation, so stock selection gl
slightly biased. It will be harder for dividendsynay stocks to get into buy portfolio and easiegés
into sell portfolio.

Returns for the strategy in each period are caledlasing discrete total returns formula, which
assumes that any dividends are reinvested immédantd thus shows total return for shareholders:

R ( i 1) (1-+ Dk) 100
= —_ £ — | *
RV Py

where R, is return at time tP; is stock price at the end of the peridt, ; is stock price at the
beginning of the period), is dividends at time g, is stock price at time k (t4 k <t).

T statistics will be used to evaluate if mean me$wof zero cost strategy returns are significantly
different from zero. 0.05 level of significance Mike used.
Hy:R =0
Hyi:R#0
Adjusting returnsfor risk. Riskiness of the both buy and sell portfolios Wil calculated by

estimating betas. The market model equation wilubed, which, according to Singal (2011) can be
written as a regression:

R,=a+pBR,+¢

whereR,, is portfolios returnR,, is market returng is an intercept that in CAPM would be equal
a =Rf(1—p) and ¢ is the error term which is assumed to be indepaihdeand identically
distributed.

Data. Two data sets will be used. For constructing ptiad$ stock returns data from OMX
Nasdaq Baltic will be taken. Data from Bloomberdl Wwe used to calculate returns of portfolios (this
data is superior as it accounts for dividends). OBR{tic Benchmark Gl will be a proxy for market
returns in the market model regression.
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3. EMPIRICAL ANALYSISOF MARKET EFFICIENCY

3.1. Statistical tests

3.1.1. Autocorrelations analysis

Daily returns. Results for autocorrelation analysis of contindpu®mpounded OMX Baltic
Benchmark Gl daily returns are seen below (seeel@plP-values of Ljung-Box Q statistic are lower
than our level of significance of 0.01 for all leygths. So kithatall autocorrelations up to, are zero
can be rejected at the significance level of OdXlafl autocorrelations up to lag 20. This implibat
there must be significant autocorrelations. Thiscamfirmed when autocorrelations are analysed
separately. As it is seen from the table, autotaticms are significant with 0.01 level of signditce
for lag lengths of 1, 2, 3, 4, 6, 8, 9, 10, 11, 18, 16, 19. Autocorrelations for lag lengths off5are
significant with 0.05 level of significance. Autatelation is the highest for lag 1, but starts itoidish
for lags higher than 14. All autocorrelations ugag 14 are positive suggesting that high dailynet
tend to be followed by high returns and low retuered to be followed by low returns.

Table 3. Autocorrelations for daily returns

Lag length Autocorrelation Q statistic p-value
1] 0.162* 61.657 0.000
2 | 0.066** 72.108 0.000
3 | 0.066** 82.515 0.000
4 | 0.061* 91.339 0.000
5 | 0.046* 96.405 0.000
6 | 0.064* 106.06 0.000
7 | 0.053* 112.82 0.000
8 | 0.089* 131.58 0.000
9 | 0.076** 145.31 0.000

10 | 0.088** 163.51 0.000
11 | 0.054* 170.42 0.000
12 | 0.033 172.93 0.000
13 | 0.066** 183.36 0.000
14 | 0.091* 202.83 0.000
15 | -0.008 202.97 0.000
16 | 0.072* 215.40 0.000
17 | 0.035 218.34 0.000
18 | 0.009 218.53 0.000
19 | 0.054* 225.45 0.000
20 | -0.021 226.52 0.000

Source: Author’s calculations

* indicates that autocorrelation is significan0a@5 level of significance
** indicates that autocorrelation is significant®01 level of significance

Weekly returns. Results for autocorrelation analysis of contindpusompounded weekly
returns are seen below (see Table 4). As it wasdke with daily returns, p-values of Ljung-Box Q
statistic for weekly returns are lower than ourelesf significance of 0.01 for all lag lengths. Bgthat
all autocorrelations up tg, are zero can be rejected at the significance Ilefel0.01 for
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autocorrelations up to lag 12. This implies thagréghmust be significant autocorrelations. This is
confirmed when autocorrelations are analysed steggras autocorrelations with lags 1, 2, 3 anded ar
significant at the 0.01 level of significance andagorrelation with lag 6 is significant with 0.0&vel

of significance. All significant autocorrelationsegpositive meaning positive linear relationshipeT
highest autocorrelation is for lag lengths 1, 2 @rahd diminishes afterwards.

Table 4. Autocorrelations for weekly returns

Lag length Autocorrelation Q statistic p-value
1 | 0.184* 16.411 0.000
2 | 0.231* 42.369 0.000
3 0.173* 56.979 0.000
4 | 0.005 56.990 0.000
5 | 0.047 58.068 0.000
6 | 0.091* 62.099 0.000
7 | 0.064 64.093 0.000
8 | 0.042 64.965 0.000
9 | 0.129* 73.189 0.000
10 | -0.042 74.047 0.000
11 | 0.089 77.935 0.000
12 | 0.033 78.477 0.000

Source: Author’s calculations

* indicates that autocorrelation is significan0a@5 level of significance
** indicates that autocorrelation is significant®01 level of significance

Implication to market efficiency. Results of autocorrelation analysis indicate madon@n
properties of the Baltic stock markets where higlums are followed by high returns and vice versa.
However, this does not necessarily mean that thiécBstock markets are inefficient as market
efficiency does not require returns to be uncoteela“Autocorrelation may reflect market inefficmn
or time — varying equilibrium expected returns gatexd by rational investor behavior” (Fama and
French, 1988, p 266). As Fama and French (198&gdstautocorrelated mean reverting expected
returns cause temporary swings in asset pricebpuitany long term influence and this could cause
autocorrelation in stock returns.

Moreover, the highest daily autocorrelation is @.1for lag length 1). This implies that only
2.624% of variation in return today is explained thg variation of return yesterday. The highest
autocorrelation for weekly returns imply that véioa in returns two weeks ago can explain 5.336% of
stock returns variation this week. So it is argealfl profitable investment strategies can be
constructed. However, even if using autocorrelatioould not result in constructing profitable tragli
strategies, this does not mean that autocorrekmtimes not have the economic meaning. As Barberis
and Thaler (2003) argued, economists should beetoad not by the existence of the trading
opportunities, but rather by the fair valuationasket prices. Taking opportunities of mispricingas
risk free and costless (see section 2.2) and roiggriof securities could cause inefficient capital
allocation (and thus market inefficiency) even wheitrageurs can not trade profitably.
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Fama and French (1988) argued, that short termcautdations are harder to detect and
predictability of stock returns are more notableltmger horizons (3-5 years) where slowly decaying
price components account for large part of vamaiio returns and cause mean reversion of returns.
Unfortunately, this proposition is impossible tsttéor the Baltic stock markets as data sampleas t
scarce to test autocorrelation for longer horizons.

The momentum properties of the Baltic stock market$ be closer investigated using
momentum trading strategy. Nevertheless, auto@ioal analysis indicated, that there may be some
inefficiency in the Baltic stock markets. Time sariof the Baltic stock markets will be further
examined using Augmented Dickey-Fuller test fort noot.

3.1.2. Unit root test

Daily prices. First, unit root test was performed for OMX BalBenchmark Gl index's natural
logarithms of daily stock prices. Deterministic éntrend and intercept were included in the test.
However, results showed that deterministic timedreoefficient§ had p-value of 0.1206, which was
not significant at 0.05 level of significance, iodiing that daily stock prices are not a simplectiom
of time. As a result, deterministic trend variaiblas omitted from the model and Augmented Dickey-
Fuller test was rerun.

Results of the test are in the table below (sedelapp (coefficient onY;_;) has p-value of
0.2337, which is higher than our significance leoeD.05. Consequently, null hypothesis tpat O
can not be rejected at our level of significanteah be concluded, that daily stock prices ofBa#ic
stock markets have unit root and are nonstationgi(goefficient onAY;_,) has p-value of 0.0000,
which is lower than significance level of 0.05. Bhuaull hypothesis that; is equal to O is rejected. As
a result, it can be concluded that daily stockewiof the Baltic stock markets are not fully ddsedli
by AR(1) random walk modej;is statistically significant and the residuals loé tAR(1) would not be
“white noise” and would be autocorrelated. The miogportant conclusion from this test is that
yesterday's return of the stock market has expdapgiower for return today agis significantly
different from zero. This is in line with what wasund in autocorrelation analysis, where
autocorrelation with lag length 1 was significardifferent from zero.

Table 5. Unit root test for daily stock prices

Coefficient t-stat P-value
a 0.007465 2.222973 0.0263
Y, 1 -0.001177 0.2337
AY, 4 0.160708 7.910847 0.0000
Adjusted R-squared = 0.027145

Source: Author’s calculations
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Augmented Dickey-Fuller test was also conducteddfgity continuously compounded returns
that were computed by taking first difference frdiata used in previous test. Results of the test are
presented in the table below (see Table 6). Cuoeffip (coefficient onY;_;) has p-value of 0.0000,
which is lower than our significance level of 0.@onsequently, null hypothesis that= 0 can be
rejected at our level of significance. It can bexaoded, that daily stock returns of the Balticckto
markets do not have unit root and are stationary.

Table 6. Unit root test for daily continuously comumded returns

Coefficient t-stat P-value
a 0.000336 1.472536 0.1410
Y1 -0.838468 0.0000

Source: Author’s calculations

Weekly prices. Deterministic time trend variable for natural lagam of weekly prices was
also not significant at 5% level of significancetiwp-value of 0.3845. So Augmented Dickey-Fuller
test was rerun without it.

Results of the test are in the table below (sedeT@pp (coefficient onY;_; ) has p-value of
0.1787, which is higher than our significance leoeD.05. Consequently, null hypothesis tpat O
can not be rejected at our level of significanteah be concluded, that as with the case of daagk
prices, weekly stock prices of the Baltic stock ke#s also have unit root and are nonstationary.
Differently from the test for daily stock priceseakly Augmented Dickey-Fuller test results haveemor
significant lags. Ally; y,and y;(coefficients omY,_; AY,_, andAY;_5) are significant at 0.05 level of
significance with p-values that are lower than 006nsequently, weekly returns of previous 3 weeks
have explanatory power for this weeks™ stocks retyf y,and y; coefficients are positive, which
means that the higher returns were in the prevBwgeks, the higher return tend to be this week. So
unit root test for weekly stock prices reveals thmick markets in the Baltic countries are notyfull
described by AR(1) random walk model behaviour.

Table 7. Unit root test for weekly stock prices

Coefficient t-stat P-value
a 0.046646 2.337309 0.0198
Y1 -0.007490 0.1787
AY, 4 0.121116 0.121116 0.0079
AY, , 0.189500 0.189500 0.0000
AY,_3 0.111393 0.111393 0.0143
Adjusted R-squared = 0.088734

Source: Author’s calculations
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Augmented Dickey-Fuller test was also conducted @ekly continuously compounded
returns that were computed by taking first differefrom data used in previous test. Results ofdbe
are in the table below (see Table 8)coefficient onY;_, ) has p-value of 0.0000, which is lower than
our significance level of 0.05. Consequently, fylpothesis thap = 0 can be rejected at our level of
significance. It can be concluded, that weekly Ist@turns of the Baltic stock markets do not hawi¢ u
root and are stationary.

Table 8. Unit root test for daily continuously comumded returns

Coefficient t-stat P-value
a 0.001313 0.965445 0.3348
Y1 -0.647474 0.0000
AY, 4 -0.204003 -4.556916 0.0000

Source: Author’s calculations

Implication for market efficiency. Unit root is a necessary condition for random walk
behaviour (Koop, 2006). It was found, that the ktprdces in the Baltic stock markets have unit root
which could be an argument for market efficiencyaweéver, unit root tests showed that the Baltic
stock markets are not fully explained by AR(1) ramd walk model as there were significant
coefficients for lagged returns. As it was mentmr@eviously, market efficiency does not require
AR(1) random walk model to hold. AR(1) model is maestrictive than “fair game” model of market
efficiency. However, the predictive power of praworeturns for today's return makes market
efficiency in the Baltic stock markets questionabled emphasises the need of further and deeper
investigation. As in case of significant positivat@correlations found in the previous test, the
significance of y; y,¥; may be because of the changing risk premiums redjliy the investors and
this would not deny market efficiency.

Adjusted R-squares of Augmented Dickey-Fuller medigr daily and weekly prices are
0.027145 and 0.088734 respectively. This indickiesexplanatory power of the model and trying to
build more precise predictive models could be usiflexamine time series properties of the Baltic
stock markets further.

3.2. Trading strategies

3.2.1. Day-of-the-week-effect

Descriptive statistics of the different weekday# ¢ found below (see Table 9). During
chosen sample period, the lowest returns were ondslgs — a negative value of -0.000145. On
Wednesdays and Fridays the returns were higherttieaverage daily returns with values 0.000879
and 0.000631 respectively. Mondays not only expegd the lowest returns, but they also had the
highest volatility with standard deviation of 0.@03. These results are in line with Monday effect
found by previous researchers.
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Table 9. Descriptive statistics of different weeslaeturns

Monday Tuesday Wednesday Thursday Friday Daily
Mean -0.000145 0.000304 0.000879 0.000341 0.000631 0.000404
Standard deviation 0.012203 0.011402 0.010841 0.011053 0.010545 0.011218
Observations 468 477 479 468 467 2359

Source: Author’s calculations
Trading day hypothesis

Descriptive statistics indicated differences betweeeekday returns. However, to verify if
these differences in returns are statistically ificant, regression analysis is used and F-statisti
calculated (see Table 10). F-statistic has a pevalu0.6949, which is higher than our significance
level of 0.05. So bithat different weekdays have the same mean cabenmjected at the 0.0&vel of
significance. P-values of the regression coeffisealso confirm that returns in the Baltic stock
markets can not be explained by the day of the waklkoefficients fromb; to bs have p-values that
are higher than our significance level of 0.05, eckhimean that coefficients are statistically
insignificant. Autocorrelation analysis that wasdacted previously indicated that daily returns are
autocorrelated. This would be a violation of OLSwamsption of no autocorrelation. However, Durbin-
Watson statistic has a value of 1.675548, whicblase to 2, meaning that autocorrelation does not
distort results significantly.

Table 10. Day-of-the-week regression (trading dgyolthesis)

coefficient t-statistic P-value

Dy, = Monday -0.000145 -0.279267 0.7801
Dy, = Tuesday 0.000304 0.590776 0.5547
D3, = Wednesday 0.000879 1.714880 0.0865
D4, = Thursday 0.000341 0.656978 0.5113
Ds, = Friday 0.000631 1.214751 0.2246
F-statistic for equality of coefficients = 0.555657, p-value = 0.6949
Durbin-Watson stat = 1.675548

Source; Author’s calculations
Calendar day hypothesis

Results from regression for testing calendar dgyothesis can be seen below (see Table 11).
F-statistic has a p-value of 0.672485, which ihargthan our level of significance of 0.05. Sethkat
coefficients from bto bs are all equal to zero can not be rejected. Thezefmalendar day hypothesis
that Monday returns are three times higher thaarmet on other weekdays is not rejected at the
significance level of 0.05. P-values of the regsscoefficients also confirm this result. All
coefficients fromb; to bs have p-values that are higher than our signifiedagel of 0.05, which mean
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that coefficients are not statistically significaBurbin-Watson statistic has value of 1.770024ictvh
Is close to 2, meaning that autocorrelation doeglistort results significantly.

Table 11. Day-of-the-week regression (calendariygpthesis)

coefficient t-statistic P-value

a -4.83E-05 -0.104634 0.9167
D, = Tuesday 0.000352 0.541646 0.5881
D3, = Wednesday 0.000928 1.429464 0.1530
D4; = Thursday 0.000389 0.596154 0.5511
Ds; = Friday 0.000679 1.039949 0.2985
F-statistic = 0.586435, p-value = 0.672485
Durbin-Watson stat = 1.770024

Source; Author’s calculations
Implication for market efficiency.

Both calendar day hypothesis and trading day hysidhwere not rejected. The Baltic stock
markets do not experience statistically significdifferences in returns during different weekdays.
Moreover, it is also can not be rejected that reflon Monday are three times higher than returns on
other weekdays. Therefore, no matter which modelised for expected returns during different
weekdays, market efficiency is not denied in th&iBatock markets.

3.2.2. Momentum strategy

Descriptive statistics. Descriptive statistics for portfolios 3 months reiare seen below (see
Table 12). Be reminded that “buy” portfolio is foeoh by selecting 10% of stocks that performed best
in the last 3 months and is held for 3 months,|*srtfolio is formed by selecting 10% of stocksat
performed worst and is held for 3 months, buy-geftfolio is zero cost strategy consisting of being
the long position of buy portfolio and in the sheusition of sell portfolio. OMX is OMX Baltic
Benchmark Gl index.

Table 12. Descriptive statistics of momentum sgpteturns

Buy Sell Buy - Sell OMX
Mean, % 10.74 0.42 10.32 4.16
Standard deviation, % 30.91 29.63 23.88 17.56
Observations 36 36 36 36

Source: Author’s calculations

As it seen from table 12, buy portfolio had meatuinres of 10.74%. This result was more than
two times higher than arithmetic average of retloynshe OMX Baltic Benchmark Gl index which was
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equal to 4.16%. In the meantime, sell portfolio exgnced much lower returns of 0.42%. Returns
quarter by quarter of buy-sell, buy, sell and OMX¢tfolios can be found in appendices (see Appendix
1). Results indicate the momentum properties ofBhkic stock market. Momentum properties have
already been notified in the autocorrelation arialyildowever, autocorrelations were analysed follydai
and weekly periods. In the momentum strategy dasan be seen that momentum for longer periods
are also significant. Moreover, high returns by Ipaytfolio were achieved with almost the same total
risk as sell portfolio’s. Measure of total risk targlard deviation was 30.91% for buy portfolio and
29.63% for sell portfolio. These numbers were highan for OMX Baltic Benchmark Gl index, but
this is not surprising, as OMX portfolio was bettiversified and had only systematic risk, whileybu
and sell portfolios also experienced firm spediifs&s.

Compounded returns for different portfolios can tmeind below (see Figure 5). The
outperformance of buy portfolio is striking. If iestor invested money in 2003 April 1 into buy
portfolio, and rebalanced it every quarter usingrmantum strategy, in 2012 April 1 he would have had
a total gain of 957.81%. Sell portfolio, on the etthand would have brought a negative return of
70.36%. While theoretical performance of buy pditfds very impressive, in real world it would have
been lower due to transaction costs and bid-askagisr Moreover, it is likely that buy portfolio ten
to pick stocks with higher systematic risk. Thigpbthesis will be analysed by using capital market
model to estimate betas.

Figure 5. Compounded returns of different portfelio
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Buy-sdll portfolio. Momentum strategy of buying buy portfolio and isgjl sell portfolio
brought the average return of 10.32% with a stahd&viation of 23.88%. Histogram of buy — sell
portfolio returns may be found below (see Figurel6)s seen, that buy-sell strategy returns remind
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normal distribution with the most returns falling the region between 10% and 20%. However, there
are a few extremes with large negative and posiguans.

Figure 6. Histogram of zero cost buy-sell portfakdurns
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Source: Composed by author

As a zero cost strategy, positive mean of buy4settfolio may indicate market inefficiency.
However, it may be the case that stocks in the gouyfolio had higher systematic risk than in sell
portfolio and thus buy-sell portfolio may have aspiwe beta, for which compensation of positive
returns may be reasonable. Therefore, to check absimption and to better evaluate buy-sell
portfolio’s systematic risk, betas of buy and galftfolios will be calculated using capital market
model. Moreover, buy-sell portfolio return may et statistically different from zero, so t-statsiill
also be calculated.

Hypothesis testing. Null hypothesis that the mean of buy-sell pordaketurns is equal to zero
has t-statistic 2.592016 and associated p-vall®Qif38. Therefore, null hypothesis can be rejeated
the significance level of 0.05. Mean of buy-selitpaio returns is significantly different from zer

Adjusting for risk. Results from capital market model regressions lmariound below (see
Table 13 and 14). In one case dependent varialdeowa portfolio and explanatory variable was OMX
portfolio and in another case dependent variable se#l portfolio and explanatory variable was OMX
portfolio. Results can also be written as equati®gturn for buy portfolio:

Ry = 4.435291 + 1.514093 * OMX,

and return for sell portfolio:

R; = —5.496966 + 1.421771 * OMX,
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As it seen from results, both buy and sell portfelhave betas that are over 1. Buy portfolio fias
(coefficient onOMX,) of 1.514093 and sell portfolio hag of 1.421771 Both coefficients have p-
values that are lower than significance level 6fl0So they are statistically significant at 0.8idl of
significance. From the capital market regressibcan be concluded that both buy portfolio and sell
portfolio have significantly higher systematic riglan the market. Whereas buy-sell portfolio would
havep of 0.0923, which is the difference between buy selll portfolios betas and indicates positive
systematic risk.

Table 13. Capital market model regression for borgfplio

Variable Coefficient t-statistic P-value
(14 4.435291 1.617581 0.1150
OMX, 1.514093 9.834379 0.0000
R-squared = 0.739892

Source: Author’s calculations

Table 14. Capital market model regression for saitfolio

Variable Coefficient t-statistic P-value
a -5.496966 -1.980237 0.0558
OMX; 1.421771 9.121670 0.0000
R-squared = 0.709910

Source: Author’s calculations

Implication for market efficiency. Momentum strategy indicates market inefficiencythe
Baltic stock markets. Zero cost strategy of buy-geftfolio has positive quarterly returns of 10282
which cannot be fully explained by systematic ria&,portfolio that is in a long position has almibet
same beta as portfolio in a short position, giviug-sell portfolio beta of only 0.0923. Significamiy
portfolio outperformance of the benchmark coulddxplained by more systematic risk and more
investigation is needed to conclude if buy portidiias abnormal risk adjusted returns. This could be
done by estimating various ratios used for po®lperformance. In the meantime, sell portfolio has
more systematic risk than market portfolio and iigant underperformance indicates market
inefficiency. However, important limitation of tretudy is small data sample, as the period that was
used (2003 — 2012 March) does not even considt adonomic cycle.

3.3. Practical implications, limitations and recommendationsfor futureresearch

Autocorrelation analysis and test for unit rootrdu indicate that profitable trading strategies
can be constructed using previous returns as exjggnpower of models would be too low to account
for transaction costs. However, if investors wamtopen equity position, it is more prudent to buy
stocks after positive previous day or week retuassstock returns exhibit positive autocorrelafion
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these periods. Furthermore, building more predisstical predictive models would be useful in@rd

to find out if better forecasting results can béieced. Moreover, future researchers should test
autocorrelations for longer horizon returns to éhécthere are any long term mean reversions.
Furthermore, models which allow expected returnsvaoy should be employed to make stricter
conclusions about market efficiency.

Day-of-the-weak test does not indicate any anommatighe Baltic stock markets. So investors
should not time their investments depending on weekday. Future researchers could test other
calendar anomalies. For example January effeair(reton January tend to be higher than on other
months) or turn-of-the-month effect (returns at émel and at the beginning of the month tend to be
higher) (Clearly et al., 2011).

Momentum strategy indicates, that investor, whasdihg period is three months should avoid
stocks that performed poorly during previous thremnths. Contrarian strategy of buying past winners
and selling past loosers would not be possiblexexrate, as short selling is not allowed. Moreover,
there is no guarantee that past tendencies that weicated by momentum strategy will repeat in the
future. Investors may exploit these inefficienciand bring excess returns to zero. However,
momentum anomaly has been well documented longddie beginning of a sample period and this
did not prevent momentum strategy from bringing aabral returns. Future researchers could test
momentum properties in the Baltic stock marketagisither holding periods.

The main limitation of empirical research that veasducted in this thesis is small sample, as
the period from 2003-2012 March 31 does not everude the full economic cycle. Moreover,
momentum strategy returns would have been moresgréaverlapping periods were used.

41



CONCLUSIONS

1. By belonging to the Nasdag OMX group, the Badtiock markets ensured for themselves
modern stock exchange infrastructure and statbesftt trading system. Companies listed on Nasdaq
OMX Baltic exchanges must adhere to strict rulesnédrmation disclosure and investor relations.
Moreover, these countries attract investors becatipeudent economic policies by their governments
and higher GDP growth opportunities than in Westetmope. Furthermore, Baltic stock markets
performed really impressive during the last decaméperforming world index significantly.
Eventually, these factors may lead to more inveshming attracted, deeper market coverage, more
trading activity and thus higher market efficiency.

On the other hand, during recent years the Balticksmarkets have been on the decreasing
trend of average company capitalisation, averageoter and number of companies. These factors
prevent the Baltic stock markets from being mongtimg for larger investors such as mutual funds.
Resulting low trading activity, low liquidity andttle coverage can be obstacles for securitieseto b
fairly priced and impede market efficiency. Furtnere, short-selling is not allowed in the Baltiocdt
markets which makes more difficult to profit fromspricing.

2. The notion of the efficient market hypothesis farly simple - stock prices should
incorporate all relevant information (Fama 19709wdver, market efficiency is a complicated matter.
Researchers face impediments, such as data mimsg that make strict conclusions about market
efficiency difficult to infer. Behavioural schoolyhich is the main opposition of efficient market
hypothesis, has been becoming more and more actipeoviding evidence and models explaining
market anomalies by referring to irrational behaviof separate economic agents.

There have been extensive amounts of papers oremeificiency. Researchers tend to find
positive serial correlations in stock prices foodtr periods and negative serial correlationddoger
periods. Researcher also documented many profitadding strategies that could result into excess
risk-adjusted returns. For example, momentum —tegyaof buying past winning stocks and selling
past loosers tends to outperform the market. Amcthemaly that is widely researched — day-of-the-
week effect, when returns are not equal duringiteekdays and usually lower on Monday.

3. Autocorrelation analysis indicates significanttaeorrelations for both daily and weekly
continuously compounded returns. All daily autoetations up to lag 4 and all weekly
autocorrelations up to lag 3 are statistically Bigant at 0.01 level of significance. The highest
autocorrelation for daily returns is for lag 1 asdequal to 0.162 and the highest autocorrelatoon f
weekly returns is for lag 2 and is equal to 0.281 significant autocorrelations are positive susgtijeg
momentum properties of the Baltic stock marketsrertiegh returns are followed by high returns and
vice versa. Significant autocorrelations do not essarily mean that markets are inefficient as
autocorrelations could also result from changirguied risk premiums which would not deny market
efficiency.
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Using Augmented Dickey-Fuller test it was foundtthath daily prices and weekly prices have
unit root and are nonstationary. Nonstationarity isecessary condition for the random walk (Koop,
2006). This would suggest that stock prices inBladtic stock markets are unpredictable. However,
Augmented Dickey-Fuller test also showed signiftcavefficients for lagged returns.

From autocorrelation analysis and unit root tetstam be concluded that the behaviour of stock
prices in the Baltic stock markets are not fullyschtbed by AR(1) random walk model and stock
returns have some predictability which could, boesl not necessarily mean market inefficiency.
Models which allow expected returns to vary shdutdemployed to make stricter conclusions about
market efficiency.

4. Two hypotheses were tested in day-of-the-weakyars of the Baltic stock markets. Trading
day hypothesis was that every weekday should Hawesame mean. Calendar day hypothesis stated
that returns on Monday should be three times higfear returns on other days as Monday accounts for
three calendar days. Using regression analysih, ngiothesis could not be rejected. This implied th
no matter which model (trading day or calendar day)sed for generating expected returns during
different weekdays, market efficiency is not deniethe Baltic stock markets.

Momentum strategy confirms momentum propertiesha Baltic stock markets that are also
indicated by autocorrelation analysis. Buy portiplconsisting of 10% of the stocks that performed
best in the last 3 months would have brought imresmean return of 10.74% during the next 3
months. Sell portfolio, consisting of 10% of thecks that performed worst in the last 3 months woul
have brought investors mean return of just 0.42%nduthe next 3 months. The average 3 months
return of OMX Baltic Benchmark Gl is 4.16%, meanthgt when returns are compared, buy portfolio
outperforms and sell portfolio underperforms therket Buy portfolio has beta of 1.51, which
indicates that outperformance of the market mayekplained by systematic risk. However, sell
portfolio has beta of 1.42, which means that iterpérforms the market even having higher systematic
risk. As a result, sell portfolio’s performance icades market inefficiency. Moreover, zero cost
strategy of buy-sell portfolio (long buy portfolamd short sell portfolio) has positive quarterljuras
of 10.32%. This return cannot be fully explained dystematic risk, as portfolio that is in a long
position has almost the same beta as portfolioshat position giving buy-sell portfolio beta afilg
0.09. As a result, buy-sell portfolio also indicatearket inefficiency.
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Appendix 1. Momentum strategy returns period byqeempercentage

BUY-
Date OMX BUY SELL SELL
6/30/2003 23.38 48.21 12.89 35.32
9/30/2003 12.00 22.59 19.48 3.11
12/31/2003 4.06 6.24 -2.48 8.71
3/31/2004 23.83 43.68 17.16 26.52
6/30/2004 0.44 -8.88 -6.73 -2.14
9/30/2004 3.45 1.75 0.69 1.05
12/31/2004 22.53 32.54 26.47 6.07
3/31/2005 30.10 51.37 -15.71 67.08
6/30/2005 -0.64 32.12 -9.86 41.98
9/30/2005 16.59 70.32 5.43 64.90
12/30/2005 -2.14 -19.54 -2.22 -17.32
3/31/2006 -0.81 -6.40 -8.50 2.11
6/30/2006 -8.45 -2.14 -18.31 16.16
9/29/2006 10.75 14.86 1.08 13.78
12/29/2006 21.73 43.44 14.81 28.62
3/30/2007 4.03 0.26 5.66 -5.40
6/29/2007 5.93 7.71 -4.06 11.78
9/28/2007 -0.90 5.88 -3.65 9.53
12/28/2007 -16.28 -6.40 -25.96 19.56
3/31/2008 -14.89 -8.74 -25.96 17.22
6/30/2008 -8.54 2.05 -23.43 25.48
9/30/2008 -25.72 -38.23 -26.94 -11.28
12/30/2008 -42.40 -40.17 -62.30 22.14
3/31/2009 -11.32 -10.14 -35.08 24.94
6/30/2009 11.67 5.26 36.46 -31.20
9/30/2009 50.51 85.15 125.33 -40.19
12/30/2009 -7.52 -32.41 -7.95 -24.46
3/31/2010 32.26 47.86 33.13 14.73
6/30/2010 -2.72 -2.21 -19.55 17.34
9/30/2010 18.50 77.08 29.01 48.08
12/30/2010 11.39 -4.51 5.10 -9.61
3/31/2011 1.20 -4.21 -3.75 -0.46
6/30/2011 -3.83 -13.53 -4.49 -9.04
9/30/2011 -14.47 -18.19 -17.78 -0.41
12/30/2011 -2.82 3.67 -12.59 16.27
3/30/2012 8.93 0.19 19.76 -19.57

Source: Author's calculations
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