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AN INVESTIGATION OF EFFICIENT MARKET HYPOTHESIS
IN OECD COUNTRIES

This study aims to investigate whether stock price returns are on a random walk for OECD
countries. Using quarterly data for the 2005:1 - 2011:2 period, LM unit root test is employed which
endogenously determines up to two structural breaks in level and trend. The empirical findings sug-
gest a combination of random walk and mean reversion results for OECD countries. The results
show that efficient market hypothesis (EMH) is confirmed in 13 out of 34 OECD countries.
However, with regard to the panel unit root test, the OECD countries share price index returns are
mean reverting which highlights the fact that the EMH is not valid.
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Epainu Kapaneni3, Libxan O3tiopk, Omep Ickenaeporty

MIATBEPIKEHHS ITIOTE3M EOEKTUBHOTO PUHKY
TUTSI KPATH OECP

Y cmammi docaidxceno, uu diiicno y kpainax OECP kypc axuiii na ¢hondosux Oipycax
cxuavHuli 0o eunadkosux Oaykano. Burxopucmano rxeapmaavui oani 3 2005:1 no 2011:2. Jlaa
anaaizy 3acmocosano 3azaivrull Kpumepii Muoxcnukie Jlaspansica, 3a AKUM MOXCHA GUIHAMUMU
CMpyKmypHi po3pueu 5K y pieHi, mak i y mpenodi. Pezyavmamu mo0ear06aHHs NOKA3aAU, WO 045 6CIX
kpain OECP xapaxmephoto € kombinauis 3aKkoHy 1epeyeants ma eunaoxoeozo oaykanus. Jlia 13 3
34 kpain OECP 3naiimaa ceéoe niomeepoxcenns cinomesa epexkmuenozo punky. Y moi jxce uac
pe3yasmamu mecmyeanHs 00UHUMHUX KopeHie éxasyiomb Ha me, wio y kpainax OECP oaa kypcy
AKyili CNpaubosye 3aKOH HeP2YBAHH, U0, 6 C6OI0 HepP2y, CynepeHums 2inomesi eheKmueHo20 puHKy.

Karouosi caosa: eunadxosee OayKawHsa; CMpPYKMYPHULL pO3puG; 3aKOH 4epey8aHHs; 2inomesa
egexmusHo20 puHKy.
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Opmuny Kapanenus, Uabxan O31iopk, Omep Mckenaeporty

IMOATBEPXKJIEHUE I'MIIOTE3bI D®PEKTUBHOI'O PBIHKA
JJIA CTPAH OBCP

B cmamve uccaedyemcs, delicmeumeavto au ¢ cmpanax OICP kypc axuuii Ha ¢ponooevix
oupxcax cayuaiino oayscdaem. Hcnoavsosanvt keapmaavuote oannvte ¢ 2005:1 no 2011:2. Jlaa
anaausza npumenen obwuii kpumepui muoxycumeaeu Jlazpauxca, no Komopomy MOMCHO
onpedeaums cmpyKmypHble pa3pblébl KaK 6 ypoeHe, maxk u 6 mpende. Pezyavmamoi
Modeauposanus nokazaau, wmo 0aa eécex cmpan OICP xapakmepna KomOuUHauus 3aKoHa
uepedosanus u cay4aiinozo Oayxcoanus. /laa 13 uz 34 cmpan OICP nawaa noomeepiycoenue
eunomesa 3¢hpexmuenozo pvinka. B mo e epemsa pesyrvmamovt mecmuposanus eOUHUHHBIX
Kopueli ykazviearom, umo 6 cmpanax OICP oaa kypca axuyui cpabamovigaem 3aKoH
uepedosanus, umo, é ceoro o4epeds, ompuuyaem delicmeue 2unome3svt IhpgheKmueHo2o psiHKa.

Karouegvie croea: cayuaiinoe onyxcoanue; cmpyKmypHbulil paspulé; 3aK0H 4epedo8anusl; eunomesd
aghgpekmuHo20 puIHKaA.
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1. Introduction. Efficient market hypothesis (EMH) and the random walk model
have been widely discussed in the financial literature for several decades. In an effi-
cient stock market, stock price dynamics are described by a random walk with a drift
(Fama, 1970). Besides, return anomalies are chance results that tend to disappear in
the long term. In this respect, future returns are unpredictable based on the historical
observations. In other words, a capital market is considered efficient if stock prices at
any time fully reflect all available and relevant information. Therefore, given only past
price and return data, the current price should be unexpectable. Under EMH, capi-
tal markets are expected to be nonstationary therefore contain one or more unit root.
However, if stock prices (or returns) are mean reverting then they are stationary where
future movements are based on the past behavior.

The early examples of the EMH studies on stock markets are Fama and French
(1988), Poterba and Summers (1988). Their results prove that mean reversion exists
in the US stock prices. However, Lo and MacKinlay (1988), Kim et al. (1991),
Richardson (1993) studies are unable to reject unit root hypothesis at stock markets.
The empirical evidence on the random walk hypothesis with unit root tests has a
growing literature body with the studies of Choudhry (1997), Zhu (1998), Balvers et
al. (2000), Narayan and Prasad (2007), Koustas et al., (2008), Li and Chen (2010).
However, after the study of Perron (1989) it is determined that structural shifts are
highly effective on the unit root test results. The random walk hypothesis literature for
capital markets expands by unit roots with structural breaks. Chaudhuri and Wu
(2003), Chaudhuri and Wu (2004), Narayan and Smyth (2004), Sheddighi and Nian
(2004), Narayan and Smyth (2007), Narayan and Narayan (2007), Chancharat and
Valadkhani (2007), Lean and Smyth (2008), Narayan (2008), Ozdemir (2008), Lee et
al. (2010) are the well-known studies that found mixed results on random walk
hypothesis for the capital market returns.

This study aims to investigate whether stock price returns are on random walk for
all OECD countries (Australia, Austria, Belgium, Canada, Chile, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland,
Israel, Italy, Japan, Korea, Luxembourg, Mexico, Netherlands, New Zealand,
Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland,
Turkey, the United Kingdom, and the United States). Due to this respect, the Share
Price Index (SPI) is used to calculate the returns by quarterly data (2005:1 to 2011:2)
and panel unit root methodology up to two breaks is utilized.

The basic contribution of this study is the analysis of international data that
exploits increased power deriving from the unit root methodology, together with the
flexibility of allowing up to two endogenous structural breaks in the level and the
trend of individual series as proposed by Lee and Strazicich (2003, 2004).

The remainder of the article is composed of 4 sections. Section 2 presents the
data and the methodology. Section 3 provides the empirical findings, the research
findings and their interpretation are presented in Section 4.

2. Methodology and data. The very common unit root applications of time series
starts with Dickey and Fuller (1979), Nelson and Plosser (1982), Campbell and
Mankiw (1987), Cochrane (1988), Philips and Perron (1988). It is realized that the
power of unit root applications is low on time series analysis due to the limited num-
ber of data. To solve this problem, panel data econometrics is developed which con-
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tains both time series and cross sections to increase the data set. The literature on
panel data unit root is expanded by Levin and Lin (1992, 1993), Breitung and Meyer
(1994), Quah (1994), Maddala and Wu (1999), Choi (1999), Breitung (2000), Hadri
(2000), Levin, Lin and Chu (2002) and Im, Pesaran and Shin (2003) studies.
However, another weakness is that a structural break can be mistaken for non-sta-
tionarity. In other words, previous applications of a unit root may be invalid if a struc-
tural break exists.

The literature on unit root under structural shifts starts with Perron (1989) and is
expanded by Zivot and Andrews (1992), Banerjee et al. (1992), Perron and Vogelsang
(1992), Lumsdaine and Papell (1997), Perron (1997), Lee and Strazicich (2003,
2004). In this study, a univariate LM unit root test is used, proposed by Lee and
Strazizich (2003, 2004). However, the origins of this unit root process depend on uni-
variate one-break LM unit root test developed by Amsler and Lee (1995) and Im et
al. (2002).

The LM unit root test considered by Lee and Strazicich (2003) starts by estima-
tion of two-break LM unit root test statistics. If less than two breaks is significant, the
one-break minimum LM test of Lee and Strazicich (1999) is applied. If less than one
break is significant than no-break LM test of Schmidt and Phillips (1992) is applied.
As such, the location of breaks, the number of breaks, and the number of lagged aug-
mentation terms are jointly determined for each country. The steps in this procedure
are proposed by Jewel et al. (2003) and Im et al. (2005). In determination of break-
points and LM unit root test statistics, first unique fixed effects, differing time trend
coefficients, and varying persistence parameters are allowed for each country.
Second, the number of structural breaks are determined which varies by country.
Third, heterogeneous break points are being sought which are endogenously deter-
mined for each country. Fourth, time-specific fixed effects are allowed to capture com-
mon year structural breaks. Finally, the optimal number of augmentation terms is
allowed in the unit root test which is heterogeneous and determined jointly with breaks.

The minimum LM unit root test starts with computation of univariate LM unit
root test statistics for each country with two-breaks. Due to this the following equa-
tion needs to be estimated according to LM (score) principle:

. ~ k ~
AY, =6;AZ; +¢S, , +z7’iASH +&;, M
1

where AYir and Zi are the first differenced values of Yi and Zi respectively, while Zitis
a vector of exogenous variables defined by the data generating process where Zit = [1,
t, Diit, D2it, DT1t, DT2t]. D1it, D2it, are dummy variables that capture the first and the
second structural break respectively. D1, = 1, if t > Time Break 1, zero otherwise,
Dz = 1, if t > Time Break 2, zero otherwise. Besides, DT+ = t — Time Break 1 if £ >
Time Break 1, zero otherwise, DTzt = t — Time Break 2 if t > Time Break 2, zero oth-
erwise.

St is the detrended value of Yi-1, where Sti= Y: — Pix — Zts fort=2,....,T. x is
given by Ys — Z:8 where Y7 and Zrare the first observations of Y: and Z: respectively. &
is a vector of coefficients estimated from the regression of AYit on AYi.

The unit root null hypothesis is described by @ = 0 (implying a unit root with two
breaks), and the LM test statistics are given by:
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T = 1 Statistics for the null hypothesis ¢ = 0 2)

The minimum LM unit root t-statistic determines the endogenous location of
two breaks by utilizing a grid search as follows:

LMit =infT(A) (3)
A

The determination of TB is denoted by minimum LM test on equation 3 where

B
A=,

T

The quarterly data starts from the first quarter of 2005 to the second quarter of
2011 for all 34 OECD countries. The share price indices are obtained from the OECD
Statistics of Main Economic Indicators (MEI). Capital market returns are calculat-
ed by share price indices by the following formula:

SPI,, —SPI,,_, (4)
SP Ii,t—1 ’

where Rit denotes return of i'th country on time t. SPlitand SPli+1 show share price

index on time f and t- 7 respectively.

R/,r =

3. Empirical results. The results of the LM unit root tests on the share price index
returns allowing for possible time-fixed effects are shown in Table 1. To allow for the
possibility of a trend stationary alternative, all unit root tests include both an intercept
and time trend. The first column represents the country names with the panel LM test
statistic on the last row. While second column shows the LM unit root test statistics,
third column shows the optimal number of breaks. The optimal number of lagged dif-
ferenced terms that correct for serial correlation is given in the fourth column, and
the location of the breaks appears in the last column.

Table 1. LM unit root tests on share price index returns, 2005:1 — 2011:2

Country Univariate LM Unit | Optimal N | Optimal Break Location(s)
Root Test Statistics | of Breaks | Lag Length

Australia -3,807%** 2 8 200703, 201001
Austria -4,153** 1 0 200803
Belgium 0,202 0 4 -
Canada 1,104 0 7 -
Chile -4,546* 2 6 200704, 201001
Czech Republic -4,258* 1 0 200803
Denmark -5,333* 0 0 -
Estonia -6,033* 2 1 200703, 200902
Finland -3,583** 1 0 200903
France -5,986* 0 2 -
Germany -0,886 0 3 -
Greece -2,06 1 8 200903
Hungary -0,653 0 7 -
Iceland -4,805* 2 6 200704, 200803
Treland -2,905 1 0 200803
Israel 0,185 0 3 -
Ttaly 2773 1 5 200803
Japan -3,551** 1 0 201003
Korea -1,55 0 7 -
Luxembourg -7,375* 2 7 200801, 200803
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The End of Table 1

Country Univariate LM Unit | Optimal N |  Optimal Break Location(s)
Root Test Statistics of Breaks | Lag Length

Mexico -3,674** 1 0 200803
Netherlands -2,555 1 5 2008Q4
New Zealand -0,629 0 3 -
Norway -3,443** 1 3 200903
Poland -5,983* 1 1 200703
Portugal -4,629* 2 5 200703, 201002
Slovak Republic -7,223* 2 7 2007Q4, 2010Q3
Slovenia -4,233* 0 0 -
Spain -3,698** 1 0 200902
Sweden -4,854* 0 2 -
Switzerland -2,108 0 5 -
Turkey -4,590* 2 7 200704, 200901
United Kingdom -4,689* 0 5 -
United States -1,746 0 3 -
Panel LM stat. -55,60* -

Notes: All tests allow for time fixed effects and all regressions include an intercept and time trend.
Structural breaks denote a shift in the level or intercept.

The 1, 5 and 10% critical values for the LM unit root test with no break are: -3,63, -3,06 and -2,77.

The 1, 5, and 10% critical values for the minimum LM test with one break are: -4,239, -3,566, and -3,211.
The 1, 5, and 10% critical values for the minimum LM test with two breaks are: -4,545, -3,842, and -3,504.
The 1, 5, and 10% critical values for the panel LM unit root test (with or without breaks) are: -2.326,
-1.645 and -1.282.

* ** and *** denote statistical significance at the 1%, 5%, 10% levels.

The univariate LM test results indicate there are 21 rejections of the unit root at
the 10% level of significance or better. In other words, the results are mean reverting
for 21 OECD countries. Thus, the EMH hypothesis is not valid for Australia, Austria,
Chile, Czech, Denmark, Estonia, Finland, France, Iceland, Japan, Luxemburg,
Mexico, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden,
Turkey and the United Kingdom. In addition, the results indicate that in Belgium,
Canada, Germany, Greece, Hungary, Ireland, Israel, Italy, Korea, Netherlands, New
Zealand, Switzerland and the United States capital market returns are random walk
which is consistent with the EMH.

With regard to the panel unit root test, a strong rejection of the unit root null is
found which proves that equity returns of OECD countries capital markets are mean
reverting. In other words, past stock price returns can be used to anticipate future
returns when testing all countries as whole rather than examining countries one by one.

An examination of the break points in Table 1 reveals some clustering of the break
dates. Structural break is found to exist in 20 out of 34 countries, 8 of which contain
two breaks. Most structural breaks are around 2008 relating economic conjecture
crises (notably financial crisis of 2008). The 2008 crisis which is formerly known as
global economic crisis starting with the shortfall of liquidity in the U.S. banking sys-
tem in late 2007 and causing declines in credit availability and damaged investor con-
fidence, while securities suffered large losses during late 2007 to mid 2009.

4. Conclusion. The efficient market hypothesis (EMH) states that past prices (or
returns) are insufficient to anticipate future stock prices (or returns). Predictability of
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stock returns on the basis of past price changes have been extensively investigated with
various methodologies. Unit root methodology is one of the basic research techniques
to find out if capital market returns are on a random walk process. Under EMH, cap-
ital markets are expected to be nonstationary therefore contain one or more unit root.
However, if stock prices (or returns) are mean reverting then they are stationary where
future movements are based on past behavior.

The share price index returns data from all OECD countries are examined over
the period 2005:1 — 2011:2 to test for stationarity. The methodology is using a LM
unit root test that endogenously determines breaks in level and trend as proposed by
Lee and Strazicich (2003, 2004).

The results indicate that Belgium, Canada, Germany, Greece, Hungary, Ireland,
Israel, Italy, Korea, Netherlands, New Zealand, Switzerland and the United States
capital market returns are random walk which is consistent with the EMH. However,
the results for the rest of OECD countries are mean reverting. In other words, the
EMH hypothesis is not valid for Australia, Austria, Chile, Czech, Denmark, Estonia,
Finland, France, Iceland, Japan, Luxemburg, Mexico, Norway, Poland, Portugal,
Slovak Republic, Slovenia, Spain, Sweden, Turkey and the United Kingdom. This
indicates that past stock price returns can be used as a proxy for future returns, where-
as these results present the existence of inefficient stock markets.
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