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Abstract

Motivated by financial liberalization investors seek for new investment opportunities through
international portfolio diversification. To this end we explore any asymmetric causal
relationship between developed European stock markets (German, France and U.K) and
emerging Baltic markets namely; Estonia, Latvia and Lithuania. Our analysis focuses on the
period before and after countries’ EU accession and pre- and posts the global financial crisis.
For this purpose, both the standard parametric test for causality and a novel nonparametric
test for causality in quantiles are employed. The results of both the parametric and
nonparametric Granger causality test support a causal relationship that runs from all of the
major markets to the Baltic markets across both samples. However, the parametric test fails to
detect the causal effect from the Baltic markets to most of the major markets in both sample
periods. In contrast, the nonparametric Granger Causality test reveals that stock returns in the
Baltic markets have significant predictive power for changes in the major stock returns
especially during periods of financial turmoil. Policy implications for international investors

are also discussed.
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Introduction

Liberalization of capital markets has offered new opportunities for international
diversification to investors. A successful diversification strategy across international stock
markets implies that these markets are not heavily interrelated (Grubel, 1968; Lessard, 1973;
Solnik, 1974; Longin & Sonik, 1995). Identifying the channels through which shocks are
spreading from one market to another has direct impact to passive and active international
investment strategies, portfolio diversification, and rebalancing. Moreover, the cross-market
linkages and the potential gains from global investing have caught the attention of researchers

and policy makers especially during turbulent periods.

Prior research on the integration of international stock markets maps its way in two distinct
strands. A rather prolific strand of literature has provided empirical evidence of a negative
correlation between stock returns in emerging stock markets and developed stock markets
implying diversification benefits for international investors. The early contributions in the
literature explaining the gains from international portfolio diversification were put forward by
Eun and Resnick (1984), Errunza and Padmanabhan (1988), Meric and Meric (1989) and
Korajczyk (1996). The most relevant and recent work in this field also includes Darat, Elkhal,
and Hakim (2000), Gilmore and McManus (2002), Lamba (2005), Arouri and Jawadi (2009),
Maneschiold (2006), Stasiukonyté and Vasiliauskaité (2008) and Nikkinen, Piljak and Aijo
(2012).

The level of integration between emerging markets of Latin America and Asia and mature
stock markets of Western Europe and the United states has monopolized international stock
market studies such as Kasa (1992), Richards (1995), Korajczyk (1996), Lamba (2005),
Arshanapalli and Doukas (1996), and Arouri and Jawadi (2009).

Currently, there is growing literature on integration of emerging Central European markets
with the leading developed stock markets of Europe and the United States based on studies
by Jochum, Kirchgassner and Platek (1999), MacDonald (2001), Gilmore and McManus
(2002), and Voronkovat (2004). These studies show that the emerging Central European
stock markets are becoming more integrated with the developed stock markets. Another
strand of literature examines the relationship between South Eastern European stock markets
and leading mature markets of USA and Europe (Syriopoulos & Roumpis, 2009; Guidi &

Ugur, 2014) and reports some diversification benefits.



The other strand of literature focuses on financial integration between major international
stock markets. These studies include data from Japan, US and some leading European
markets (see inter alia Bekaert & Harvey, 1995, Hardouvelis et al., 2006). Research in this
field is largely motivated by the pivotal role of these stock markets in the international

financial system and they focus on return and volatility spillovers.

However literature on Baltic stock markets and their level of integration with mature markets
is relatively scarce. This justifies our choice of the Baltic States over other emerging markets.
The most relevant and recent work in this area includes, Maneschiold (2006), Stasiukonyté

and Vasiliauskaité (2008), and Nikkinen et al. (2012).

Arouri et al. (2009) explore the stock market integration dynamics of two emerging countries
namely; the Phillipines and Mexico into the international capital market using a nonlinear
cointegration method focusing on the period 1988-2008. Their paper shows evidence of
varying degrees of nonlinear integration of these two emerging stock markets into the world
capital market. Korajczyk (1996) applies the asset-pricing model to measure the degree of
stock market integration in four developed markets and twenty emerging markets. In his

paper he claims that emerging stock markets are more segmented than developed markets.

Darat et al. (2000) finds that the emerging stock markets in the Middle East, (Cairo,
Casablanca and Amman) are highly integrated within themselves but segmented from the
global markets. Similarly, Lamba (2005) paper applies the same modelling techniques.
However Lamba (2005) focuses on the South Asian capital markets of India, Pakistan and Sri
Lanka. The results show that the Indian stock market is highly integrated into the major
developed markets whereas Pakistan and Sri Lanka are segmented from the major markets.
The paper also finds that the emerging markets are increasingly becoming integrated among

themselves.

Gilmore and McManus (2002) explore short and long term dynamics between the US stock
market and emerging markets of Central Europe (the Czech Republic Hungary, Poland).
Their results show that there exist minimal short term correlations between the European
stock markets and the US stock market. Based on their main findings, they suggest that
investors in the US can lower their risk by investing in the emerging markets of Central
Europe which offer international portfolio diversification opportunities. Contrary,
Voronkovat (2004) finds evidence of increasing level of integration between Central

European markets and developed European markets.



Maneschiold (2006) examines the short-and long-run dynamics between the Baltic and
international capital markets (United states, Japan, Germany, the united Kingdom, and
France). The paper applies the Johansen cointegration method and show that the Baltic
capital markets are not strongly integrated with international markets, thus indicating a good

area of investment for international investors seeking to diversify their portfolio.

With the above in mind our goal is to investigate the linkages between stock returns in mature
and leading markets and the Baltic stock markets. In particular, this paper explores any causal
relationship between stock market returns in developed European markets and emerging
Baltic markets namely; Estonia, Latvia and Lithuania. To this end we set off to employ for
the first time under this framework the nonparametric test for causality in quantiles approach.
Thus, the aim of this study is to enhance our understanding of the dynamic relationship that
exists between stock returns in emerging markets and developed markets in various points of
the returns distribution. Our rationale for examining the Baltic countries lies in the fact that
research regarding integration of these markets is scarce (Jeong, Hirdle and Song (2012),
Stasiukonyte, Jurga, Vasiliauskaite and Asta (2008), and Nikkinen et al. (2012)). Moreover,
these three frontier markets have registered a remarkable GDP growth rate among all EU
members in the period before global financial crisis 2004-2007. This rapid economic growth
was mainly fuelled by FDI inflows and was abruptly terminated by the outburst of the
financial crisis of 2008/09 (Nikkinen et al. (2012)). Supportive to our argument stock market
performance as presented in Table 2 reveals that during the period 2001-2005 Baltic stock
markets registered remarkably high returns at an annual basis compared to mature European
stock markets. For example, for 2005 the stock market in Latvia experienced an annual return

of 63.54% while during the same period DAX 30 achieved a 27.07% annual return.

Our paper will mainly build on the work by Nikkinen et al. (2012) and Stasiukonyté and
Vasiliauskaité (2008). Stasiukonyte et al. (2008) acknowledges that there is still very minimal
research carried out regarding integration within and between the Baltic countires and
European markets. To study these relationships, they make use of recent quantitative research
methods such as unit root, Engle-Granger, Granger causality test and vector autoregressive
analysis (VAR). However their paper finds contradicting and mixed results mainly due to the

different methods employed.

Nikkinen et al. (2012) examine stock market integration between advanced European stock

markets and emerging Baltic stock markets focusing on the 2008-2009 financial crisis. They



particularly study the degree to which emerging stock markets are integrated into European
stock markets during a crisis period. Using the Granger (1969) causality test, quantile
regressions and VAR, their study shows that the Baltic markets are segmented from the
developed European stock markets before the crisis while increasingly become integrated

during crisis periods.

Our study contributes to the literature that studies the asymmetric nature of cross market
linkages during volatile periods or downward markets (see inter alia Longin and Solnik,2001;
Ang and Chen, 2002; Kearney and Poti, 2006). Our paper is different from Nikkinen et al.
(2012) in various aspects. Their paper employs quantile regressions which may suffer from
possible endogeneity.
The non-parametric Granger causality in quantile test addresses the problem of endogeneity
and also has the advantage of robustness properties of the conditional quantile in that it
allows us to observe the causal effects over the entire distribution of the data rather that at
one fixed point in time (Campbell and Cochrane,1999). Second we examine whether EU

accession alone has an effect of Baltic markets’ integration with the developed markets.

It is well known that most financial time series data display nonlinear dynamics and have
nonelliptic distribution. In view of these properties, this study employs a modified version of
causality in quantile test of Jeong er al. (2012) along the lines of nonparametric Granger
causality test of Nishiyama ef al. (2011). Thus, the nonparametric causality in quantile test
employed in our study has following novelties. First, the tests are robust to functional
misspecification errors and can detect general dependence between time series. This is
particularly important in our application, since it is well known that stock market data display
nonlinear dynamics. Second, the test statistic does not only test for causality on the mean, it
also tests for causality that may exist in the tail area of the joint distribution of the series. As
stock market data display nonelliptic distribution, the tests we employ are well suited for
causality analysis between the financial time series data. Third, the tests easily lend
themselves to test for causality in variance. The causality in variance test is also implemented
as nonparametric causality in variance tests. Testing for causality in variance is crucial for
financial time series due to well-known volatility spillover phenomenon, where causality in
conditional mean (first moment) may not exist, but there may be second or higher order

causality.



Previewing our results we document a causal relationship between the Baltic countries and all
the major markets as revealed by the nonparametric quantile causality test. There is causality
that runs from all major markets to the Baltic stock markets across various points of returns
distribution, with the effect being more intense during financial turmoil. Surprisingly,
causality appears mitigated (compared to the pre-crisis) in both the mean and the variance
from the Baltic markets to the UK. Our results also indicate that both the recent global
financial crisis and the accession of the Baltic markets to the EU intensified and in some
cases created causal effects to the major markets, therefore reducing investment portfolio
diversification opportunities. The results of the nonparametric test for the causality from the
Baltic markets to the major markets do contradict those of the parametric Granger causality.
Consistent with Nikkinen et al. (2012), Cheung, Kuan and Lin (2012) and Jeong et al. (2012)

our paper highlights the caveats of the normal Granger causality test.

The rest of the paper unfolds as follows. We provide a brief background on the Baltic
countries in Section 2, while Section 3 presents the methodology. Section 4 outlines the data

and the empirical results, and Section 5 concludes.

1. Economic environment for the Baltic countries

Recent studies by Nikkinen, et al. (2012) and Maneschiold (2006) provide an extensive
background into the major macro-economic factors shaping the Baltic countries, hence this
paper will provide a brief summary of the Baltic countries’ economic environment. The
Baltic countries are situated in the Northern part of Europe, bordered by the Baltic Sea. The
countries are relatively small, with populations between 1.3 million and 3.3 million. All the
countries have been ruled by the Soviet Union and the Nazi Germany (Latvia and Estonia).
Lithuania was the first country to gain independence from the Soviet Union in early 1990,
while Latvia and Estonia followed in 1991. Following independence and structural changes
to restore the countries, the Baltic countries became members of the North Atlantic Treaty
Organisation (NATO) on 29 March 2004, and later member states of the European Union
(EU) on 1 May 2004.

Accession into the EU triggered an explosive growth of foreign direct investment (FDI)
causing accelerated economic growth up until the financial crisis (Nikkinen et al., 2012).The

vulnerability of these markets to the global shocks became evident during the 2008/9 crisis.



All the countries experienced decline in gross domestic product (GDP), FDI, and deposit
runs, which resulted in external financial assistance (Latvia) and policy interventions
(Lithuania and Estonia)*. Following the 2008/9 crisis, the three countries adopted various
fiscal policy measures to reduce their budget deficit to 3% of GDP. Even though the countries
have made strides in their policy interventions, some of the aftermaths of the crisis include
lower per capita income levels and high government deficits compared to the pre-2008
period. Prior to the crisis, all the countries had a fixed exchange rate system and used their
own national currencies. Estonia and Latvia became part of the Eurozone in January 2011
and January 2014 respectively. As of September 2014, Lithuania is still using the Litas as its

national currency.

The Baltic stock markets resumed operation in the 1990s after being closed “at the beginning
of the second World War”, (Nikkinen et al., 2012). The first to open was the Vilnius stock
exchange in Lithuania in 1993, followed by the Riga stock exchange in Latvia in 1995, and
lastly Estonia’s Tallinn stock exchange in 1996. Table 1 shows the basic statistics of the
financial market conditions for the Baltic countries between 1995 and 2013. The Vilnius
stock exchange is the biggest according to the mean of the market capitalisation, followed by
the Tallinn stock exchange. However, between 1999 and 2004, market capitalisation for the
Tallinn stock exchange exceeded that of the Vilnius stock exchange. The Riga stock
exchange is the smallest. Even though the Tallinn stock exchange is the most active, there are
more capital outflows by foreign investors compared to net inflows into Latvia and Lithuania.
Estonia experienced increased capital outflows during the 2008 — 2012 period, with inflows

recorded only in 2009.

Table 1: Financial indicators of the Baltic Countries

Variables Mean (1995° - 2012) Standard Deviation
(1995 - 2012)
Estonia
Market capitalisation of listed
companies, USD, Billions® 2 841 496 277 1789988 815
Listed domestic companies, Units 18 5
Turnover ratio’, % 26 26
Portfolio® — net inflows, current USD® -28 288 982 369 224 003

* See Purfield and Rosenberg (2010).

% The data for Estonia starts in 1997.

" Turnover ratio is the total value of shares traded during the period divided by the average market capitalization
for the period. Average market capitalization is calculated as the average of the end-of-period values for the
current period and the previous period. The data starts in 1996 for Latvia and Lithuania and 1998 for Estonia.



Latvia

Market capitalisation of listed
companies, USD, Billions
Listed domestic companies
Turnover ratio, %
Portfolio — net inflows, current U

Lithuania

Market capitalisation of listed
companies, USD, Billions
Listed domestic companies
Turnover ratio, %
Portfolio — net inflows, current U

1181 142 493

45
13
8 021 278

3860 776 732
117

12
12 554 087

905 648 516

16
13

21 558 466

3153 798 169

170

6

63 023 488

Source: World Bank.

Table 2: Annual stock market returns of Baltic and selected mature markets

YEAR LATVIA ESTONIA LITHUANIA DAX30 CAC40 FTSE 100
2001 46.89% 17.21% -18.49% -19.79% -20.33% -14.09%
2002 -14.30% 12.08% 12.20% -43.94% -31.92% -22.17%
2003 47.02%  58.66% 105.80% 37.08% 19.87% 17.89%
2004 43.45%  40.16% 68.18% 7.34% 11.40% 11.25%
2005 63.54%  43.59% 52.93% 27.07%  26.60% 20.78%
2006 -3.08%  10.66% 9.78% 21.98% 20.87% 14.43%
2007 -9.19% 2.38% 4.38% 22.29%  4.16% 7.36%
2008 -54.43% -66.69% -65.14% -40.37% -40.33% -28.33%
2009 2.82% 37.83% 46.04% 23.85% 27.58% 27.33%
2010 41.08% 69.83% 56.49% 16.06%  0.55% 12.62%
2011 -5.68% -19.11% -27.06% -14.69% -13.39% -2.18%
2012 6.67% 26.63% 18.84% 29.06%  20.37% 9.97%
2013 16.22% 12.16% 18.73% 25.48%  22.22% 18.66%

Source: Datastream, Authors’ estimations

2. Methodology

2.1. Linear Granger Causality Test

We use the Granger (1969) causality test to test for linear causality between the returns of
the aggregate Baltic markets (bmr) and the major markets (mmr). The test was conducted

on a bivariate autoregression model:

Abmr = o, + ZaﬁAbmrH, +

n
ZprAmmrz‘fp + gbmr,t
p=l

€]

8 Portfolio equity includes net inflows from equity securities other than those recorded as direct investment and
including shares, stocks, depository receipts (American or global), and direct purchases of shares in local stock

markets by foreign investors.
? The data starts in 1996.




Ammr =, +Z§pAbmn_p +Zy/pAmm;;_p +Eprs > (2)
p=1

p=1

where Ais the first difference operator, @, and ¢, are constants,&,, ¢,,f, and ¥, are

parameters, and ¢, and £ are error terms. The null hypothesis is that the Baltic stock

mmr,t
markets do no Granger cause the major markets in equation 1 and vice versa in equation 2.

The reported F-statistics are for the joint hypothesis that B, and y, equal to zero for

equation 1 and 2 respectively. If the null is rejected for both equations, then there exists a bi-

directional causality between the Baltic markets and the major markets.

2.2. Nonparametric Granger Causality Test in Quantiles

Granger (1969) developed the earliest key method for exploring linear causal relationships
between stock returns in different financial markets. However, linear causality tests are not
suitable for determining causality in nonlinear financial variables because they fail to detect
non-linear causality relationships. To address the above issues Nishiyama et al. (2011)
developed nonparametric Granger causality tests based on the kernel density estimation.
Further, Jeong et al. (2012) addressed the gaps that existed in literature between causality in
the conditional mean and nonlinear relationships by designing a nonparametric test of

Granger causality in quantile based on the kernel density method.

The Granger causality in quantile method gained its popularity in financial economics
following the benefits from international portfolio diversification and the ability to manage
risk. This method has the desirable property of robustness properties of the conditional
quantile in that it allows us to observe the causal effects over the entire distribution of the
data rather that at one fixed point in time (Campbell and Cochrane (1999) and Hong, Liu, and
Wang (2009)).

This method deals with time series data of two variables and establishes the direction of
causality between two economic variables. Majority of papers use Granger causality in the
conditional mean to establish their research results. However, the conditional mean is not a
reliable measure to determine causality especially between financial returns if the distribution
of the variables is ambiguous or is fat tailed. The conditional mean is an overall summary of

the conditional distribution which does not capture causal dynamics in the entire distribution



but around particular regions of the conditional distribution Kiho Jeong et al. (2007). This is
supported by Lee and Yang (2007) who show that that causality between money and income
only exists in the tail quantiles but not in the center of the distribution. Another disadvantage
of using Granger causality in quantile to establish causality between financial returns is that
correlations between stock returns highly depend on existing market arrangements (Ang and
Bekaert (2002); Longin and Solnik (2001); Ang and Chen (2002). Financial downturns or

economic crises are highly characterized by strong correlations between financial returns.
The following section outlines the Granger (1988) causality in quantile method:

For simplicity, we assume that the stock returns { y,, x, } are observable,

1. x,does not cause y, in the @-quantile with respect to {y, ,..., ¥,_,» %50 X} if
Qﬁ{yt | Yicrees yt—p’xt—l"“’xt—p} = Qa{yz | Yicseees yt—p} (3)
2. x, is a prima facie cause of y, in the @-quantile with respect to

(Y yseees Vips Xipoeees x,_p} if

QH{yt | Yictoeeos yt—p’xt—l""’xt—p} # QH{yt | YVictoeees yt—p} (4)

where Q,{y, |-} 1is the #th conditional quantile of y, given -, which depends on ¢ and
0<@<l.Define, =(y, s ¥, ) s Ziy SV goeees Vi ps Xigoees X,2,) V= (X, Z,) Jand
F, O5.Z.) and F, v, (. Y,,) are the conditional distribution function of y, given Y,

and Z,_, , respectively.

The conditional distribution F|, (y,,Z_,)is assumed to be absolutely continuous in y, for

almost all V_, . If we denote Q,(Z, ;) =0Q,(y,1Z,.,) and Q,(Y,_))=Q,(y, 1Y), we have,

F, {Q,(Z)Z }=60 wp.l
Consequently, the hypothesis to be tested based on definitions (3) and (4) are

H,=P{F,, {0,y )1Z_}=6}=1as. (5)

H,=P{F,, {Q,(Y.)1Z_}=6}<las. (6)



Zheng (1998) mitigates the problem of testing quantile restriction to testing specific type of

mean restriction. Jeong et al. (2012) employs a distance the measure
J={eEEIZ_)f (Z_)} where g, is the regression error term and f,(Z,_,) is the marginal
density function of Z,_,. The regression error &, arises from the fact that the null hypothesis
in (5) can only be true if and only if E{y, <Q,¥_)IZ_}I=6 or
equivalently {y, <Q,(Y, )} =6 +¢,, where 1{-} is the indicator function. Jeong et al. (2012)

specify the distance function as
J:E[{FWZH {QH(Y;—l)|Zz—1}_0}2fZ(Z;—1)] (7

In equation (5), it is important to note that J >0 and the equality holds if and only if the null
hypothesis H|, in equation (5) is true, while J >0 holds under the alternative H, in equation

(6). Jeong et al. (2012) shows that the feasible kernel-based test statistic based on J has the

following form:

’ T S
Jr=— K(EL—"0)g e, 8
"TTa-nn & ;; = s ®)

A

where K(:) is the kernel function with bandwidth 2 and ¢, is the estimate of the unknown

regression error, which is estimated from

&=y =0,%,_)-6} )

where Q,(Y,_,) is an estimate of the #th conditional quantile of y, given Y_ . We estimate

A

Q,(Y,_,) using the nonparametric kernel method as
Q,Y_)=F, (81Y.) (10)

Here, I*A}M] (y, 1Y) is the Nadarya-Watson kernel estimator is given by

D LOL =YY, SY,)
L (Yt—l - Ys)
s#t h

Fyy Y= (11)



with the kernel function L(-) and bandwidth /.

We also test for volatility in stock returns using Granger causality in the second moment.
Causality in the mth moment implies causality in the kth moment for k <m. This is an

important property for specifying causality in higher order moments restrictions.

To test for nonparametric Granger quantile causality in variance we employ the general
nonparametric Granger quantile causality test by Nishiyama et al. (2011). Assuming strong
moment conditions, density weighted nonparametric tests in higher moments possess the
same asymptotic normal distribution as the test for causality in first moment. Equation (12) is

an illustration of the causality in higher order moments given as
y; =g(Yf—l)+O-(Xt—l)gf (12)

where X, :(xt_l,xt_z,...,xt_p),gt is a white noise process, g() and o(-) are unknown

functions that satisfy certain conditions for stationarity. The specification in equation (12),

does not allow Granger causality from x,to y, , but certainly allows predictive power (in the
Granger causality test) from x,to y’ . o(-) is a general nonlinear function. The Granger
causality in variance definition does not require an explicit specification of squares of X, . A

model like equation (12) has a null and alternative hypothesis for causality in variance given

by

Hy=P{F., {Q,(Y,)1Z }=6}=1as. (13)
H =P{F,, (Q,(Y.)1Z_}=6}<las. (14)

To obtain the feasible test statistic for testing the null hypothesis H,in equation (12) we

replace y, in equations (8)-(11) withy’. To overcome the problem that causality in the

conditional first moment (mean) implies causality in the second moment (variance), we

interpret quantile causality in higher order moments using the following model:
Y, =8(X, .Y, ) +E (15)
Higher order quantile causality for this model can be specified as

H,=P(F,, {Q,(Y)1Z_}=6}=1as. fork=12...K (16)



H,=P{F,, {0,V )|Z_ }=6}<las. fork=12..K (17)

Following this definition, x, Granger causes y, in quantile € up to K th moment. The null

specified in equation (13) is used to construct the test statistic in equation (8) for eachk . It is
impossible to combine the different statistics for each k =1,2,...,K into one statistic for the
joint null in equation (13) because the statistics are mutually correlated (Nishiyama et al.
(2011)). To address this problem, we follow the sequential testing approach in Nishiyama et
al. (2011). This approach first tests for nonparametric Granger causality in the first

moment (k =1). Rejecting the null hypothesis of non-causality means that we can stop and

interpret this result as a strong indication of possible Granger quantile causality in variance.
However, failure to reject the null for £ =1, does not automatically translate to no causality
in the second moment and, thus, we can still construct the tests for k =2. This approach
allows us to test the existence of causality only in variance as well as the causality in the

mean and variance successively.

Empirical implementation of the feasible causality in quantile tests entails specifying three
important choices: the bandwidth %, the lag order p, and the kernel type for the kernels
K() and L(")in equations (8) and (11), respectively. The lag order p is determined using
the Akaike Information Criterion (AIC) in a linear bivariate vector autoregressive (VAR)
model. The bandwidth #his selected using the least squares cross-validation method of
Rudemo (1982) and Bowman (1984). We employ the Gaussian kernel type to specify kernel
types for kernels K(-) and L(-). Note that, for the sake of comparability between the

standard Granger causality test and the quantile causality test, we use a lag-length of 1.

3. Data

The data used in the analysis consists of daily closing prices of stock indices that span the
period from 16 February 2001 to 16 July 2014. Total return stock indices were sourced from
Thomson Datastream. Indices from the major economies include the DAX 30 Performance
Index for Germany, CAC 40 for France, FTSE 100 for United Kingdom and theEuro Stoxx
50 indexfor Europe as a whole. The Baltic index is used as a proxy for the aggregate stock
index of the three countries. Returns of the selected indices were computed by taking the

difference of the logarithmic values. In the context of our analysis, we split our sample into



four different sub samples in order to examine the effect of crisis and EU accession on stock
market linkages. It should be noted that Baltic countries became member of the European
Union in May 2004. For this purpose our analysis is separately conducted in the following
subsamples: start of the sample till April 2004 (pre EU accession) and May 2004 till the end
of the sample (post EU accession) and start of the sample till November 2007 (pre crisis

period) and December 2007 till the end of the sample (post crisis period)

We start our analysis with a simple unit root test in order to determine the order of integration
of the variables. Given that the aim of the paper is to make use of a nonparametric approach,
we use the Phillips-Perron (1988) unit root test. The null hypothesis stipulates that the
employed series exhibit unit root (absence of stationarity). Table 3 presents the results of the
adjusted t-statistics of the test. The results indicate that all the variables are stationary in their

first difference (returns).

Table 3: Unit root test

Level First difference
Series T 7 ¢ T° T T
Baltic 1.34 -1.81 -1.53 -56.64*** -56.53** -56.47***
Europe 0.11 -1.78 -2.45 -61.53*** -61.52** -61.56***
Germany 0.41 -0.97 -2.91 -60.09*** -60.09"* -60.14***
France 0.22 -1.54 -2.36 -62.04*** -62.03"* -62.05"**
UK 0.82 -0.62 -2.97 -62.51*** -62.42***  -62.44***

***significant at 1% level, **significant at 5% level,*significant at 10% level. a - test does not include a constant or
a trend; 1%, 5% and 10% critical values equal -2.52,-1.94 and -1.62 respectively. b - test include constant; 1%,
5% and 10% critical values equal -3.43,-2.86 and -2.57 respectively. ¢ - test include constant and trend; 1%, 5%
and 10% critical values equal -3.96,-3.41 and -3.13 respectively.

Table 4 shows both the descriptive statistics and the correlation of the stock returns as
expressed in logarithmic form. The descriptive data analysis of the pre- and post-crisis period
indicates that the global financial crisis increased both the volatility of the returns for the
Baltic stock markets (as measured by the standard deviations) and the skewness of the
distribution from extreme gains to extreme losses. Finally, there is also an upward shift in

correlations between the Baltic markets and the major markets during/after the crisis'.

' The data description is sensitive to the sub-samples selection. There is an increase in correlation during the
global financial crisis period (12/2007 — 06/2009) and then a reduction post the global financial crisis (07/2009 —
07/2014). The mean for the global crisis period are all negative and then increases post the crisis.
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4. Parametric vs. non-parametric Granger causality

Table 5 reports the results for the parametric Granger-causality test for the two samples
adjusted for the date that Baltic countries became member of European Union. The results
indicate that all the major markets have a causal effect on the aggregate Baltic markets, both
before and after the EU accession and the global financial crisis' L. However, the Baltic
markets do not Granger cause mature stock markets both in the pre-EU accession and pre-
crisis period. On the contrary, the Baltic markets seem to have some causal effect on the

aggregate European market and the UK stock market post the EU accession.

Table 5: Parametric Granger Causality

Pre EU Post EU

F-stat Probability F-stat Probability
Europe to Baltic 23.96 0.00*** 95.80 0.00***
Baltic to Europe 0.01 0.92 3.08 0.08*
Germany to Baltic 22.15 0.00*** 86.71 0.00***
Baltic to Germany 0.13 0.72 2.44 0.12
France to Baltic 30.24 0.00*** 119.23 0.00***
Baltic to France 0.58 0.45 2.37 0.12
UK to Baltic 15.97 0.00*** 101.62 0.00***
Baltic to UK 0.40 0.53 4.76 0.03**

Pre crisis Post crisis

F-stat Probability F-stat Probability
Europe to Baltic 32.02 0.00*** 77.20 0.00***
Baltic to Europe 0.39 0.53 1.96 0.16
Germany to Baltic 37.48 0.00*** 100.17 0.00***
Baltic to Germany 0.04 0.84 1.71 0.19
France to Baltic 32.92 0.00*** 66.98 0.00***
Baltic to France 0.23 0.63 1.40 0.24
UK to Baltic 26.49 0.00*** 81.05 0.00***
Baltic to UK 2.22 0.14 3.04 0.08*

Source: ***significant at 1% level, **significant at 5% level,*significant at 10% level.

Tables 6-7 and Figures 1-16 report two-way test statistics for the nonparametric test for
causality in quantile for the pre-and post-EU accession period. The dotted red line in the
figures represents the critical value of 1.96. The results show that the quantile causality in

variance from the major financial markets to the Baltic markets before the EU accession is

"' The results are not sensitive when the data is sub-sampled into the pre (02/2001 — 11/2007), during (12/2007 —
06/2009) and post (07/2009 — 07/2014) crisis. We still find that the Baltic markets have no causal effect on the
major markets except on the UK market during the crisis period.



statistically significant across all quantiles. UK and the aggregate European markets have a
causal effect (in the conditional mean) to the Baltic markets across the quantiles
0.3< 6 <0.7. The Baltic markets do not Granger cause the major markets in both the mean
and variance before the EU accession, with exception of France. After the EU accession,
there is causality in both the conditional mean and variance from the major markets to the
Baltic markets across all quantiles. The causality in conditional mean is high in the lower
quantiles, € <0.5 quantiles, i.e. during economic downturns. The results post the EU
accession does indicate that the Baltic stock markets do exhibit some causal effects to the
European markets across all quantiles. The results are also similar at the disaggregate level,

though less pronounced for the UK.

Table 2: Non-parametric Quantile Causality - Pre EU

Quantiles

01 02 03 04 05 06 07 08 09

Europe to Baltic ~ Mean 221 222 280 281 281 271 281 227 1.38
Variance 547 7.03 8.14 8.97 8.91 861 7.76 6.88 4.90
Baltic to Europe ~ Mean 057 0.73 0.61 0.80 0.89 054 0.79 1.20 1.07
Variance 0.57 0.73 0.61 0.80 0.89 0.54 0.79 1.20 1.07
France to Baltic ~ Mean 1.69 1.87 228 271 297 276 2.86 200 1.44
Variance 4.99 6.95 8.86 8.95 8.80 8.62 7.66 6.64 4.72
Baltic to France ~ Mean 318 4.59 4.65 526 5.59 548 4.24 3.24 2.62
Variance 1,00 1.70 1.51 158 1.81 1.09 1.37 1.23 1.29
Germany to Baltic Mean 221 262 335 3.73 293 253 263 189 1.24
Variance 547 7.43 8.24 867 8.41 833 7.33 6.36 4.62
Baltic to Germany Mean 1.01 127 183 204 180 162 191 1.34 1.65
Variance 0.61 0.98 1.65 1.19 045 0.46 048 0.42 0.19

UK to Baltic Mean 192 169 226 228 248 227 254 163 1.23
Variance 4.65 6.11 7.55 820 7.89 7.73 6.76 592 4.38
Baltic to UK Mean 114 0.97 0.78 0.71 0.71 097 1.02 151 1.74

Variance {10 1.13 1.51 099 1.04 1.48 1.25 1.17 0.81

The critical value is 1.96. All statistics that are significant are highlighted in bold.



Figure 1: EuroStoxx50 to Baltic Figure 2: Baltic to EuroStoxx50
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Figure 3: France to Baltic Figure 4: Baltic to France
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Figure 7: UK to Baltic Figure 8: Baltic to UK
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Table 7: Non-parametric Quantile Causality - Post EU

Quantiles

01 0.2 03 04 05 06 07 08 09

Europe to Baltic Mean 874 9.13 7.80 6.33 4.04 3.02 3.01 3.55 5.20
Variance 2.28 2.21 3.29 298 2.64 240 3.11 265 2.86
Baltic to Europe Mean 3.05 312 273 335 384 490 435 3.10 2.96
Variance 8.72 6.43 5.43 585 5.75 5.75 5.81 5.03 3.65
France to Baltic Mean 890 9.22 752 6.20 4.24 3.39 3.57 4.05 5.17
Variance 2.84 245 3,57 292 253 2.83 291 287 2.98
Baltic to France Mean 287 3.63 3.66 3.76 3.70 5.14 450 269 2.24
Variance 1.08 1.95 2.07 1.74 239 3.10 3.42 3.09 1.66
Germany to Baltic Mean 9.29 10.32 8.30 6.61 3.92 3.01 293 3.53 4.66
Variance 3.50 3.94 4.48 3.75 3.22 273 249 255 2.33
Baltic to Germany Mean 294 222 225 1.68 239 3.86 3.44 242 1.84
Variance 3.90 3.55 3.82 4.08 4.11 3.82 3.71 395 2.23

UK to Baltic Mean 9.46 9.90 8.38 6.26 3.46 2.85 3.13 3.94 4.27
Variance 2.02 3.78 3.34 3.46 3.00 2.74 2.51 291 2.31
Baltic to UK Mean 349 331 161 146 0.72 150 243 2.33 4.05

Variance 1.61 1.32 1.15 1.27 1.87 3.06 3.13 2.60 2.15

The critical value is 1.96. All statistics that are significant are highlighted in bold.



Figure 9: EuroStoxx50 to Baltic Figure 10: Baltic to EuroStoxx50
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Figure 15: UK to Baltic Figure 16: Baltic to UK
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Tables 8-9 and Figures 17-32 report two-way test statistics for the nonparametric test for
causality in quantile for the pre-and post-crisis. The global financial crisis period as defined
by the National Bureau of Economic Research (NBER) is from December 2007 to June 2009.
Given that the global financial crisis was shortly followed by the ongoing European
sovereign debt crisis, we have divided the sample into two periods: January 2001 to
November 2007 as the pre-crisis period; and December 2007 July 2014 as the post-crisis

period.

Before the crisis, the causality in conditional variance from the major markets to the Baltic
markets is significant across all quantiles whilst the causality in conditional mean is
significant in the quantiles0<8<0.7. At the aggregate level, the Baltic markets do not
exhibit any causal effect to the aggregate European markets in both the conditional mean and
variance. Contrary to the pre-crisis parametric results, the nonparametric results indicate that

there is some causality in conditional mean or variance at the disaggregate level.

In the post crisis period, the developed markets at all levels exhibit significant predictive
power for the returns in the Baltic markets across all quantiles. The causal effect is high
when @ < 0.5 which coincides with the post-EU nonparametric results. This implies that the
Baltic markets tend to respond more to the developed markets during financial turbulence.
This comes as no surprise considering that emerging markets are more vulnerable to negative
shocks from negative investment sentiment. Causality in variance from the Baltic markets to
the aggregate European markets is significant across all quantiles. Therefore there exist both

spillovers and “spillbacks™ post the crisis. At the disaggregate level, causality in the mean



from the Baltic countries to France and Germany is homogenous. Surprisingly, there is less

causality (compared to the pre-crisis) in both the mean and the variance from the Baltic

markets to the UK.

Table 3: Non-parametric Quantile Causality - Pre-crisis

Quantiles
0.1 02 03 04 05 06 07 08 09
Europe to Baltic Mean 281 414 3.78 3.28 2.18 2.00 221 1.84 1.84
Variance 5.81 7.10 8.52 9.02 9.36 9.59 9.05 7.55 5.25
Baltic to Europe Mean 1.67 159 068 042 040 067 1.05 1.53 2.61
Variance 0.79 096 0.86 090 1.00 1.09 1.02 145 0.82
France to Baltic Mean 274 380 3.38 293 217 2.04 226 1.74 1.90
Variance 5.28 7.17 9.21 9.39 945 950 8.57 7.29 5.66
Baltic to France Mean 225 267 245 211 338 4.00 258 1.72 213
Variance 0.65 099 132 1.20 149 127 0.83 1.60 1.14
Germany to Baltic Mean 276 433 420 419 260 221 196 1.77 1.60
Variance 5.82 6.86 855 9.02 893 892 7.79 6.84 4.86
Baltic to Germany Mean 252 280 216 1.38 1.75 254 223 232 289
Variance 0.50 0.56 063 1.23 093 127 1.11 1.00 0.65
UK to Baltic Mean 258 396 3.66 269 1.77 232 223 1.78 1.55
Variance 5.34 7.23 8.07 9.50 9.55 8.80 7.75 6.37 4.52
Baltic to UK Mean 258 396 366 269 1.77 232 223 1.78 1.55
Variance 5.34 7.23 8.07 9.50 9.55 880 7.75 6.37 4.52

The critical value is 1.96. All statistics that are significant are highlighted in bold.

Figure 17: EuroStoxx50 to Baltic
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Figure 18: Baltic to EuroStoxx50
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Figure 19: France to Baltic Figure 20: Baltic to France
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Figure 21: Germany to Baltic Figure 22: Baltic to Germany
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Table 4: Non-parametric Quantile Causality - Post-crisis

Europe to Baltic
Baltic to Europe
France to Baltic

Baltic to France

Germany to Baltic Mean

Baltic to Germany Mean

UK to Baltic

Baltic to UK

Quantiles

0.1 02 03 04 05 06 07 08 09
Mean 625 7.90 5.67 524 292 3.18 3.10 4.36 3.40
Variance 3.49 4. 17 4.98 4.69 4.17 4.94 502 4.34 2.79
Mean 119 176 150 1.96 1.62 2.26 198 1.60 1.22
Variance 10.42 7.46 6.02 6.71 7.15 7.23 6.27 5.20 3.30
Mean 620 7.56 5.41 515 296 3.52 3.68 4.62 3.31
Variance 4.26 4.83 5.03 4.58 4.48 4.76 4.57 4.85 3.03
Mean 126 2.09 232 2.09 1.86 2.97 231 1.75 1.44
Variance 2,19 248 2.25 276 2.84 3.19 3.79 3.25 1.44

7.04 951 6.52 529 282 3.08 3.13 4.20 3.02
Variance 583 6.39 5.58 4.59 4.20 4.28 4.18 3.73 2.67

192 254 230 2.14 1.14 212 223 162 1.23
Variance 8,13 7.63 7.97 7.10 5.67 6.14 5.35 4.71 2.94
Mean 6.66 9.35 595 5.08 2.81 2.86 3.07 4.24 2.94
Variance 2.86 4.37 4.66 4.92 4.15 4.40 4.30 3.56 2.54
Mean 1.77 249 171 117 0.70 0.93 1.16 2.04 2.20
Variance 141 1.10 0.86 1.06 1.93 250 2.21 2.19 1.07

The critical value is 1.96. All statistics that are significant are highlighted in bold.

Figure 25: EuroStoxx50 to Baltic
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Figure 26: Baltic to EuroStoxx50
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Figure 27: France to Baltic
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Figure 29: Germany to Baltic
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Figure 31: UK to Baltic
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Figure 28: Baltic to France
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Figure 30: Baltic to Germany
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Figure 32: Baltic to UK
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5. Conclusion

This paper’s objective is to explore stock market integration between developed European
markets of Germany, France and UK and emerging Baltic stock markets of Estonia, Latvia
and Lithuania in the period 2001-2014. We examine integration both at a country level
employing national stock market indices and at an aggregate level employing the Eurostoxx
50 index and the Baltic index. Our period of analysis is extensive and spans the global
financial crisis and the ensuing euro zone sovereign debt crisis. Our novelty compared to
previous studies is the use for the first time in this framework of a nonparametric causality
test across different quantiles. In particular this study employs a modified version of causality
in quantile test of Jeong et al. (2012) along the lines of nonparametric Granger causality test

of Nishiyama et al. (2011).

The results provided evidence in favour of the notion that movements in stock returns of the
three major European markets (UK, France & Germany) have a significant effect on stock
returns of the Baltic markets especially during financial turmoil. These results are consistent
with the findings of other researchers such as Nikkinen ef al. (2012) who showed that Baltic
markets are more integrated with developed European stock markets during crisis periods. As
for the effect of EU accession on the level of integration we document that all the mature
markets have a causal effect on the aggregate Baltic markets, both before and after the EU
accession. Employing the non parametric test we report a statistically significant causality in
variance from the major financial markets to the Baltic markets before and after the EU
accession across all quantiles. Interestingly, the causality in conditional mean is more intense

in the lower quantiles of the returns distribution.

Our results entail significant implications for international investors seeking for
diversification opportunities. Our findings reinforce previous evidence (Nikkinen et al, 2012)
validating the hypothesis of stock market integration of the Baltic stock markets which is
more pronounced during turbulent periods. Therefore international investors that seek to form
efficient portfolios should be cautious. This casts doubts on the usefulness of portfolio

diversification when it should be most useful for investors.
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