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To What Extent are Stock Returns Driven by Mean
and Volatility Spillover Effects? — Evidence from HEght
European Stock Markets

Abdulla Alikhanov 2

Abstract: The paper investigates mean and volatility spilioeffects from the U.S and
EU stock markets as well as oil price market intgional stock markets of eight
European countries. The study finds strong indeatif volatility spillover effects from
the US-global, EU-regional, and the world factdrtoivards individual stock markets.
While both mean and volatility spillover transmass from the US are found to be
significant, EU mean spillover effects are negligibTo evaluate the magnitude of
volatility spillovers, the variance ratios are alsomputed and the results draw to
attention that the individual emerging countrige’ck returns are mostly influenced by
the U.S volatility spillovers rather than EU or oiarkets. Additionally, examination of
only global and regional stock markets spilloveangmissions into European stock
markets also confirms the dominating presence ef thS spillover transmissions.
Furthermore, | also implement asymmetric teststonksreturns of eight markets. The
stock market returns of Hungary, Poland, RussiathadJkraine are found to respond
asymmetrically to negative and positive shockshHa tUS stock returns. The weak
evidence of asymmetric effects with respect tonmdrket shocks is found only in the
case of Russia and the quantified variance ratidiate that presence of oil market
shocks are relatively higher for Russia. Moreowermodel with dummy variable
confirms the effect of European Union enlargemensimck returns only for Romania.
Finally, a conditional model suggests that thelepdr effects are partially explained by
instrumental macroeconomic variables, out of whagbhange rate fluctuations play the
key role in explaining the spillover parameterdeatthan total trade to GDP ratios in
most investigated countries.

Key words: Stock markets, the U.S, E.U, volatility spilloseemerging markets, mean,
oil price, exchange rates, asymmetric effects.
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1. Introduction

Over the last decades, financial markets have eqmrd dramatic expansion and
interaction with one another. Higher liberalizatioh economies, globalization and
interrelated synchronization of financial markets/éd influenced bilateral movements
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of equity markets. As the result of globalizatiomdaintegration and growing
technological advances in financial markets, intioves and shocks in dominant equity
as well as commodity markets are very likely tduahce stock returns of emerging
markets. Especially for investors, the behavior aadrces of market volatility are of
paramount importance for realization of hedgincatsgies and international asset
diversification decisions on global financial maskeAdditionally, the diversifications
of portfolios of assets are also subject to inbkdiges among capital markets. Hence,
the understanding and investigation of this phemamds also very crucial for policy
makers.

On the other hand, interrelated development ofkstoarkets across developed and
developing countries has created good opporturfibiegternational investors to invest
in stock markets of emerging economies. Needlesayo the financial markets of the
emerging and developing economies have differeatactteristics compared to those of
developed countries. For instance, an empiricalyshy Bekaert and Harvey (1995) on
highly emerging markets which uses data of Intéonat Finance Corporation (IFC)

finds out that compared to advanced markets, emgngiarkets are characterized by
relatively high returns and low correlation. Emeigistock markets seem to be very
appealing for investing since they provide high&peeted returns. Besides higher
sample expected returns, distinguishing charatiesisf emerging markets are, among
other things, recognized relatively low correlafowith mature capital markets and
higher volatility (Harvey 1995). Thus, these diflaces make a an empirical
investigation of emerging stock markets very apgpgaknd it isinteresting and valuable
to examine stock returns of European emerging @vweldping markets within a mean
and volatility spillovers framework.

The purpose of this paper is to examine the medrvalatility spillovers effects from a
global factor US (GF US$)stock market, regional factor Europe (RF EU) stoacket
and as the world factor oil price (WF Oil) changesthe eight European emerging and
developing countries from September 2000 until Ma2612. The countries examined
are: Croatia, Czech Republic, Hungary, Poland, RomaRussia, Turkey, and the
Ukraine. The mean and volatility spillover effeetsross financial markets are explored
by applying the GJR-GARCH model introduced by Gdostlagannathan and Runkle in
1993. Eventually, the calculated variance ratio alfiow us to quantitatively analyze
the proportion of volatility spillovers from varigusources. Additionally, by excluding
the oil spillover effects, the paper also examithessize and effect of spillover effects
from two markets only: Europe and the US.

Although the spillover models are explored by usthg GJR-GARCH model, the
asymmetric tests on stock returns of individual rtdas will provide for a more

comprehensive investigation of asymmetric existemith respect to any spillover
intensities. Additionally, the paper includes oilice shocks as a world factor to
examine possible spillover effects on stock returkreover, the paper applies
macroeconomic information instruments through ctowal spillover model. Finally,

the sensitivity analysis and EU enlargement effemn this study aim to respectively,

3 Throughout the paper, the terms “Global Factor ,JBegional Factor EU” as well as “World
Factor QOil” are respectively coined with “GF USRF EU” and “WF OIL”



contribute an estimation framework and useful infation about future expectations for
investors investing other EU candidate stock matkdbre specifically, this study aims
to address the following research questions:

1. How do mean and volatility spillover effects of thks, the EU and the oil
market, as a world factor, drive stock returns iardpean emerging and
developing markets?

2. Which spillover effect has the possibility of hagihighest magnitude effect on
the selected eight national European stock markets?

Does the EU enlargement matter for spillover effext stock returns?

How well are the macroeconomic instruments ablexplain global US and
regional EU spillover effects?

2. Literature review

One of the pioneering papers in this field, whioheistigates volatility spillover effects
of twenty emerging markets in the world is studisdBekaert and Harvey (1997) who
conclude that global factors drive more volatiiffects in the fully integrated markets,
however, in the segmented markets volatility seem$e caused mostly by local
factors. Their study also draws attention to tret flaat although volatility appears to be
different in various emerging markets, more libizesd open economies tend to possess
lower volatiles, and capital market liberalizatiprocess is the one of the pronounced
driving factor in significant decrease in volatds.

Furthermore, Rockinger and Urga (2001) explorect$fef London and Frankfurt stock
exchange markets on Central European stock maoketsthe 1994-1997 period. By
applying a similar method proposed by Bekaert aagvely (1997), they revealed that
although both markets drive significant volatilggillover effects, the effects from UK
stock market tend to be more substantial than tbb$german stock markets. Another
research by Scheicher (2001) investigates the stoaiets of Central and Eastern
European (CEE) countries, namely, Czech, Hungamy,Roland in the light of regional
and global financial market interdependences. Atghstudy concludes that equity
markets are influenced by regional and global epdt effects. On the contrary, the
volatility spillovers seem to be driven by regiotiattors mostly. On the other hand,
Gilmore and McManus (2002) examine short and lomg integration and bilateral
relationships between the US and individual CEEclstmarkets, and find out that
indication of possible interaction is negligible.pglying cointegration tests the
empirical study by Egert and Koubaa (2004) basedG&RCH model indicates that
CEE countries are characterized by a higher viglatind more asymmetry than G-7
countries. Moreover, the interactions between tiGE& states and developed markets
such as Germany and the US are explored by Syriop@R007). The author finds long
run interactions between developed countries and §&tes. In the short run, however,
US stock market returns impose more dominant efféetn those from Germany.
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Another research study by Kasman and Torun (20@@stigates the presence of dual
long memory approach proposed by Teyssiere (1994Wir findings show significant
evidence of long memory in time varying variancel anean for CEE stock markets
applying fractionally integrated autoregressive GxRmodel. Kocenda and Hanousek
(2010) use highly frequent intraday data to exansp#lovers and macroeconomic
news effects from global factor US and regionatdac&ermany into Czech Republic,
Hungary, and Poland. The authors consider the Fuangtock exchange as a regional
factor. They find out that although both of the keds drive strong volatility spillover
transmissions, spillover effects induced by regidfrankfurt Stock is higher than that
of the New York stock exchange market. Along the/veme of the extensive empirical
studies introduced by Beine, Caporale, and Spadgi28lb0) investigates equity markets
of 41 developing countries across the world, anddiout that in most of the countries
equity returns are influenced regional and glohallaver effects. Using VAR-M-
GARCH (1, 1) model, authors also conclude that Asiad Latin America countries are
more exposed both to return and volatility spilleyewhile in emerging European
countries volatility spillovers are main statistichiven stock markets. In addition to
that, if the global spillover effects are domingtin emerging Asian financial markets,
regional spillovers appear to be more pronouncedlatin America and developing
European countries.

Last but not least, Gilmoure et. al., (2006), asasy co-movements of CEE and
developed EU stock market returns. Relying onctatid dynamic methods, they report
that co-movements between financial markets have aitered much after EU
membership. On the other hand, behavior of stot¢irme of “new” EU member
countries was explored by Dtak and Podpiera (2006), who conclude that somecBalt
and CEE countries’ accession to EU is followed lghér stock market returns. Similar
results are observed in earlier studies for diffenrmarkets by Henry (2000), Bekaert
and Harvey (2000). Common result is that stock etikdexes have been significantly
increased in response to financial market integnati

In summary, we have seen that most empirical stutleve focused on developed
markets both across the World and in Europe. Aier enlargement process, some
more new empirical studies have been carried ouCentral and Eastern European
countries (CEECs) in recent years. Still, empirieabmination of stock markets of
other emerging countries such as Croatia, RudstalUkraine and Turkey are under-
researched, which gives cause to the need of fuinkestigation and a deeper analysis
(e.g. Multivariate analysis) which are still beiegecuted.

3. Data description

The data used in this paper were obtained from$edam International. The raw data
consists of stock indexes of US, aggregate ind&a\if) countries, crude oil spot prices
and eight stock indexes of eight European counsieh as Croatia, Czech Republic,
Hungary, Poland, Romania, Russia, the Ukraine, @ndkey. Sample period of
employed data stock indexes is weekly based andssfram September 1, 2000, to
March, 30, 2012 (Figure 1). In total, the data sipatudes 604 observations.All indexes
used in the study are in US dollar and were obthidérectly from Thomson
International.
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The broad market index S&P 500 represents the plobeax, whilst MSCI EU reflects
regional market index, and both of them have bessidered to be the so called “broad
based indexes” in US and European developed markspectively. In addition, MSCI
EU represents all European developed markets.

Figure 1: Indexes and returns
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Being captured is 90% of the capitalization of &aand liquid securities. According to
Bloomberg, (2012), MSCI index is consists of laegel liquid securities, and captures
90% of the capitalization of the broader benchmatkthe indexes are transformed to
returns by taking the difference between log ofeixeb at timd, and the log of their
own value at time-1.

The data used for crude oil price is also weeklgelda Moreover, macroeconomic

variables employed in this study, such as exchamage changes of each currency
against Euro and USD, GDP of individual Europeam®mgimg countries and total trade

between US, EMU countries, and each of the locahtty is obtained quarterly. The

data for crude prices are extracted from EAI arartiacro variables are obtained both
from DataStream and national statistics authorifesach European country.

Descriptive statistics for each of the indexes iffecent markets are provided in Table
1. All individual countries mean returns are higtieen US and European aggregate
returns.



Table 1: Summary statistics of the weekly stock méet returns, 09-2000-03-2012

N. of . . Std. Jarque-
Mean Median Max Min Bera Test

OBS . © dev. P-value

Skewnes Kurtosi

Croatia 604 0,192 0,296 16,338 -32,000 3,880 -1,30B,732 3069,26 0.00

Czech
Rep.
Hungary 604 0,218 0,629 20,158 -35,320 4,480 -0,919,106 1022,98 0.00

Poland 604 0,219 0,497 24,003 -26,340 4,770 -0,645799 405,47 0.00
Romania 604 0,342 0,474 15310 -31,590 4,760 -1,228{492 1211,87 0.00
Russia 604 0,308 0,759 37,055 -28,720 5,420 -0,45891 892,71 0.00
Ukraine 604 0,298 0,199 41,360 -39,163 7,610 -0,039,397 1030,10 0.00
Turkey 604 0,093 0,642 39,680 -75,781 7,470 -1,628,072 10404,94 0.00

EMU 604 -0,061 0,282 13,020 -27,340 3,780 -0,9868,885 969,67 0.00
USA 604 -0,013 11,350 11,350 -20,084 2,700 -0,8139,737 1208,99 0.00

604 0,213 0,614 18,936 -32,780 4,120 -1,2482,201  2286,56 0.00

During the sample period, the highest returns ilDW$e characterized in Romania and
Russia, respectively, 0.342% and 0.308%. Turkeyahlasvest mean return of 0.093%,
followed by Croatia 0.192%. Moreover, the vol@ilof stock markets is much higher
for the Ukraine, Turkey and Russia with 7.610%,70% and 5.420% standard
deviations, respectively. It should be mentionedt tmean returns and standard
deviations for three Central Eastern European (CG&&grging economies, namely the
Czech Republic, Hungary and Poland are very clossath other. Although the mean
returns of stock markets are higher for developomuntries, those markets are
characterized with higher volatilities.

4. Empirical model

The generalized autoregressive conditional hetedsdticity (GARCH) process is
recognized model for analysis of volatility anduret spillovers amongst international
financial markets. The main econometric specifagtinamely AR(1)-GJR-GARCH

allows to test spillover effects and investigatevhouch conditional variance individual
countryj has been explained respectively by Global Factér (GF US), Regional

Factor EU (RF EU), local factor (own market of ooy j) as well as the World Factor
Qil Price (WF Qil).

The core empirical modeling and estimation framdwior this paper is based on Ng
(2000), Bekaert et al., (2005), and Christianse®043. More specifically, the four
sources, namely pure local shocks of a couptgfobal US shocks, regional European

* Note: Weekly returns of indexes are calculated gigiiowing formula:R; = 100 = In (—PPt ) ,
t—1
whereP, andP,, respectively are logs of indexes at titnand one period lag.
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shocks as well as shocks from oil price innovatians allowed for estimation of
conditional volatility of country’s stock returns. The models and estimation franmewo
follow Ng (2000) and Christiansen (2004) approachmestly. In addition to that, my
paper examines the mean and volatility spillovenfroil shocks to countrys stock
returns, too. Thus, on the four steps univariateragressive (AR)GJR-GARCH (1, 1)
is applied. In order to get rid of serial corredatiand to avoid ortogonalization, GJR-
GARCH model will evolve according to AR (1) process

5. Constant spillover models

The spillover models are constructed in the folloyvsteps indicated below. The first
step is to construct and estimate the bivariateaifuat Brent oil spot price including a
constant and one period lagged return of oil price.

Step 1: World FactorOil Returns (WF Oil)The unconditional mean for oil returns in
equation (1) changes according to the first orddgoregressive (AR) process which
allows us to avoid possible serial correlation. Tiheonditional variance evolves based
on asymmetric GJR-GARCH (1, 1) which is specifigdiaion (2):

Roie = Dooi + PuoitRoit-1 + €oire 1)

— 2 * 2
hoite = Woir + A1,0u&5i1,t-1 + Poithoiri—1 + X201 €01, e—110ir,e-1 (2
€oirelle—1 ~ N(0, hy), (3)

The terms®, ,;and ¢, ,; are parameter of estimates arg; , denote a real valued
stochastic process or an idiosyncratic shock wii@ssumed normally, distributed with
zero mean. The terin ;is information set available through time t-1. Sedpgently, the
termh,; . stands for conditional variance.

The model enables us to show how volatility behadiéferently by having effects of
good and bad news, where:

Ioil,t—l =1 if Eoitt < 0,
Woip > 0,
1«
al,oil' .Boil' al,oil + Eaz,oil = 0 and
1«
QAq,0i1 + .Boil + Eaz,oil <L

Whena; positive sign, then “bad” news seems to have tebeffect than the “good”
news. In other words, negative shocks have a motiegable effect on volatility than
positive shocks.

Step 2: Global Factor US (GF US):By following the same previous AR (1)
specification and asymmetric GJR-GARCH model désdiin Step 1, the mean and
conditional variance for the US stock returns cam through univariate model
respectively, in equations (4) and (5);

Ryse = Qo ys + Py uysRusi-1 + QusRoit-1 + Jus€oire + €usye 4)
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hyse = wys + ayys€fs -1 + Bushuse—1 + X5 ys€hse—1lys—1 5)
€us,clle—1 ~ N (0, hy), (6)

As in step one, the tern®, ;s;and ®, ;5 are parameter of own US stock returns. Step
two also includes effects from one period passédie returns, where estimated
parameter is given by ipys. additionally, and variable$yse,; ; andeys, respectively,
account for idiosyncratic oil shocks with estinthfgarameter and own US shocks.

Step 3:Regional Factor EU (RF EU)The univariate model for stock returns of sixteen
European Monetary Union (EMU) countries stock martkelex can be expressed as
follows:

Reye = Popy + PieuReu -1 + YusRusi—1 + Peu,Roie-1 + Ipv€oit + Ous€us: +
€Eut (7)

The equation (7) indicates that European developadrkets’ stock returns

correspondingly depend on its own one period laggddrns, one period past US
returns, as well as one period lagged oil retuwisgre last two lagged returns claim
mean spillovers for European advance stock marketentually, the conditional

variance equation for EU stock returns evolves ating to GJR-GARCH (1, 1), where
idiosyncratic EU shockgy . is normally distributed with zero mean;

— 2 * 2
hEU,t = wgy + Ay g€y t-1 t+ .BEUhEU,t—l + a5 pu€su-1lpu -1 (8)

Eventually, idiosyncratic Oil price shocks and @mporary US residualys, account
for volatility spillovers for EU developed market.

Step 4:European Country j's stock retumas the final step, the univariate return and
volatility models are specified for each individu&8luropean stock returns. As
previously, in order to avoid serial correlatiomeoperiod lagged return of each
individual stock return is included and the coiwtial mean for a country is thus
given as follows (j=1, 2....8);

Rjs =coj+c1jRjt—1+ViRysi—1 + 6jReyt—1 + @jRoj -1 +

+0jEUS,t + l/)jEEU,t + 19j€oil,t t €t 9

The first row (line) in equation (9) introduces tineean spillovers and parameter
estimatesy;, §; and ¢; respectively to measure the significance the U3,aad Oil
mean spillovers into each national stock markeEwfopean countries. The second raw
(line) in equation (9), presents volatility spilkerng from GF US, the RF EU and WF Ol
and the following parameter estimatég y; andd; empirically test the significance of
volatility spillovers. The idiosyncratic shock;, for countryj is also normally
distributed and the conditional variance of thedwesl is specified below, where

hjy = w; + a1,j<9ﬁt—1 + Bjhji1 + a;,jeﬁt—llj,t—l (10)
11



5.1 Volatility spillover effects: Variance ratios

The unexpected returns can also be expressedds/follows:

Eyst = €use T Eoit (11)
€gur = Opy€ust + Vpu€ous + €pue (12)

4 . —
Country j's: g;, = 0Oj€yse + Yj€py€e + Vj€oi € + €pue (13)

The termseys, , €gy ¢ and €, , are assumed to be independent by constructionlaBhe

term in equation (13) accounts for remaining effeghich are explained by innovations
evolved in individual European stock markets. Thaditional variance for unexpected
returns can be calculated by taking variances fééréint terms in equation (13), and it
is given below:

Country j's: h;, = E(€ys|We-1) = 0 hyse + Wihpy + O hoye + 0fy  (14)

The termshyg, hoy . and hgy . respectively, denote squared US, EU and idiosyiccra
oil market shocks. Consequently, the total varidiocéndividual developing European
Stock market consists of variances of Global Fack8r(GF US), Regional Factor EU
(RF EU), and idiosyncratic World Factor Oil pric&/ft Oil), as well as variance of its
own returns.

urthermore, in order to measure the variances efuthexpected return of countyy
estimated coefficients from unconditional models atilized. By using equation (13),
the variances can be ultimately computed and tipgessgion for “variance ratios” is
specified as follows:

Us _ 912';—101215;
VRP = e (15)
gu _ Ofe-aokue
VR = (16)
02 2,
VR]_O’tIL — J.r;;“tmz,t (17)
VR]?Z"" =1- VR}_]tS—VthU — VR]?t”“ (18)

Equations (15), (16), and (17) quantify the vareratios of various transmitted shocks
in total conditional variances for a countfy and equation (18) simply denotes
remaining variances which are explained by purall@actors.

5.2 Asymmetric spillover tests on stock returns

In order to examine how stock returns of eighti{@)ividual European countries react
asymmetrically to changes in global and regionatistmarkets and oil markets, the
equation (19) introduces asymmetric effects of #tigated stock markets returns
towards changes from GF US, RF EU and WF Oil effect terms of decrease and
increase of stock returns and negative and posdffects of stock innovations on
shocks.

12



_ - + - +
Rjs=coj+cjRit—1+ Yo jRusit—1t V1,jRUst-1F 80,jREy -1 + 61,jREye—1 +
- + - + - + -
©1,jRoie—1 + ©1,jRoi -1 + Ooj€use + 01 €05t + Vo j€cut + W1j€Eue + Do j€oue +
+
U1,j€0it T €jt (19)

In equation (19), both lagged returns and shocksalowed to have both negative and
positive values. More specifically, the previoustgodeled mean spillovers are
investigated by decomposing retuRys, in two variables which respectively
represents decreask(,) and increaseRr{_,) in returns of GF US, RF EU and WF Qil
returns. In the same manner, volatility spilloveh®cks can be distinguishedegsand
e which are a proxy for negative and positive shocksbsequently, each of the
variables that accounts for asymmetric effects ammkin equation (19) is constructed
as follows:

R;_; = R,_4IfR,_; < 0 and zero (0) otherwise
R}, =R, 4IfR,_; > 0 and zero (0) otherwise
€; = ¢lfe; < 0 and zero (0) otherwise

ef = e.lfe, > 0 and zero (0) otherwise

5.3 Instrumental variables in the spillover model

In addition to unconditional spillover model the nditional spillover driven by
instrumental economic variables introduced by Ng0(@ is also described by equations
(20)-(23). The model includes parameters that redaxtime varying constant spillover.
As the degree of international relationships vadés change as well as the degree of
regional integration evolves over time, it is aptibvestigate how spillover weight
parameters are captured by some local and regiosalmental variables. For that
reason we allow the following model to account tbe notion of conditionality
mentioned above;

Vie—1 = V' X724 (20)
601 =W XS, (21)
5j,t—1 = pintu—l (22)
Vi1 = inftU—1 (23)

Where,v'andw’ are (3x1) vectors of parameters, which quantify itthpact of local
information variables on the conditional spillovaffects from global factor US, while
p’'andq’ are also vector of parameters measuring spilleféects from regional
European effect. The economic variables)ﬂj_‘is_1 include currency of countrys
constant exchange rate against US dollar, and éatadrts from and imports to US as a
ratio of GDP of countryj. Subsequently, the variabléﬁE_tU_1 include currency of a
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countryj's constant change of exchange rate against EUR®,tmde with sixteen
European Monetary Union (EMU 16) countries as rafiGDP of a country. It should

be mentioned that all the countries investigatethis paper are either non-Eurozone or
EU members. Currency effects on volatility and elation of stock markets have been
widely studied. Shocks caused by exchange rateufitions can readily transmit to
international financial markets. Moreover, economiegration is defined as the main
motivation behind using the ratios of a trade couptto US and EMU (16) to GDP
(Ng, 2000).

5.4 AR(1)-GJR-GARCH(1,1) — Dummy variable model

The membership in European Union (EU) also ledawetbpment of stock exchange
markets of the new member countries. In order tdyae the effect EU Enlargement on
mean and volatility spillovers from regional Eurapemarket, a dummy variable model
is employed. The dummy variable is created suct) ftean September 8, 2000, to April
30,2004, and from September 8, 2000, to December @16,2he dummy 0, and from
May 1, 2000, to March 30, 2012, and from Januar2(0, to January 1, 2007, the
dummy value 1 is applied respectively to accounttlfie first and second wave of EU
Accession of the aforementioned counftiéBhe unconditional AR(1)-GJR-GARCH
(1,1) Dummy variable model and variance quantifara are presented in the equations
below:

Rjy=coj+cyjRit1 +ViRyse—1 + (50,1' + 51,th—1)REU,t—1 + @1 0uRoi -1 +

+0ieys: + (wo,j + ¢1,th—1)€EU,t + Ji€oie + €t (24)
VRjE,;],dum _ (¢o,j+¢1zf:—1)20e2u,r (25)
VROY™ =1 — VRIS —VR}™™ — VRO (26)

Thus, the AR(1)-GJR-GARCH (1,1) dummy model spedifin equation (24) and
relevant variance ratios will aim to examine thegible effect (decrease or increase) in
constant spillover parameters.

6. Empirical results

6.1 Constant spillover model

The empirical findings for the mean and return tilifg spillovers shown in Table 2
indicate that the first-order autocorrelation paetens of individual countries are
significant for Poland and the Ukraine only. As\poeisly specified in equation (9), the
spillover effects into national stock returns aensmitted by one period lagged returns
and market shocks from the US and EU stock markstasell as oil market.

5 Czech Republic, Hungary, Poland, Baltic States, &iayand Slovenia joined to EU in the first
wave of EU enlargement in 2004. The second wavmeefthe membership of Romania and
Bulgaria in 2007.
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Table 2: The constant spillover model estimation r&ults for an individual country
j's stock returns over the entire sample period (Sépmber 2000 — March 2012)

Croatia Czech Hungary Poland Romania Russia Turkey Ukraine

Co 0.288# 0.336* 0.282# 0.207" 0.359# 0.349% 0.215 3@.2
(0.014) (0.001) (0.039) (0.081) (0.018) (0.020) 28m) (0.267)
[0.116] [0.107] [0.137] [0.119] [0.152] [0.150] [87] [0.021]

¢, 0058 -0.070 -0.062 -0.100#-0.025 -0.074 -0.081 0.105%
(0.207) (0.098) (0.148) (0.020) (0.551) (0.061) 1(&) (0.032)
[0.046] [0.042] [0.043] [0.043] [0.044] [0.040] [60] [0.049]

§ 0.134" -0.031 0116 -0.031 0.196# -0.004 0.103 .43
(0.056) (0.658) (0.141) (0.698) (0.044) (0.958) 38®) (0.056)
[0.071] [0.070] [0.080] [0.080] [0.092] [0.083] [O19] [0.078]

y -0.035 -0.166# 0.807 -0.236*-0.121  0.066 -0.002 -0.274i#
(0.603) (0.015) (0.067) (0.100) (0.234) (0.528) 18F) (0.023)
[0.068] [0.068] [0.079] [0.083] [0.101] [0.105] [m85] [0.121]

@ 0024 -0.054# 0047 0.072* 0.077# 0.180* 0.049 96*0
(0.289) (0.020) (0.102) (0.009) (0.015) (0.005) 3gm) (0.007)
[0.023] [0.023] [0.028] [0.028] [0.032] [0.039] M60] [0.036]

y 0760 1.092* 1.239* 1.203* 0.923* 0.701* 1.009* 0.301*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) O(®) (0.000)
[0.066] [0.056] [0.068] [0.071] [0.076] [0.092] [20] [0.078]

@ 0.431* 0.780% 0.866* 0.979* 0.605¢ 0.782* 1.046* 0.280*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) O(®) (0.000)
[0.045] [0.035] [0.039] [0.041] [0.058] [0.051] B8] [0.063]

9 0.138* 0.179%* 0.202* 0.231* 0.227% 0.364* 0.212* 0.069
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) O(W) (0.175)
[0.025] [0.023] [0.031] [0.027] [0.049] [0.037] [60] [0.051]

w 1687 0379 2589 0.341# 0.389" 0.499 0.189#.947
(0.000) (0.005) (0.001) (0.039) (0.052) (0.006) OBM) (0.002)
[0.466] [0.133] [0.080] [0.165] [0.021] [0.182] [@O6] [0.303]

a 0.158* 0.125%* 0.063 0.115* 0.104* 0.122* 0.029#0.236*
(0.002) (0.000) (0.215) (0.003) (0.000) (0.002) OBB) (0.000)
[0.052] [0.037] [0.051] [0.039] [0.031] [0.040] M14] [0.039]

a* 0.108  -0.027  0.161# -0.005 -0.020 0.001 0.058*0.06
(0.130) (0.468) (0.025) (0.893) (0.454) (0.998) 0(1) (0.287)
[0.071] [0.038] [0.071] [0.041] [0.027] [0.037] 18] [0.061]

p 0.606* 0.836* 0.619* 0.853* 0.884* 0.849* 0.936* 0.767*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) O®) (0.000)
[0.072] [0.039] [0.098] [0.036] [0.028] [0.027] [07] [0.017]

Note: P values and std.errors are in the parentheses brackets, whilst *, #, and ~ represent
significance level at 1%, 5% and 10%, respectively

5The Czech Republic appears in Tables abbreviatedech@mly.
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According to the scale and p-values of the paramettimated, and the strong
evidences of volatility spillovers from the US akdll stock markets, as well as oil
market, are found to be highly significant for altional stock markets (p-value of
0.000) The parametric Wald tests of no volatilipillevers on stock returns are also
rejected (Table 3). The null hypotheses of joinedld\tests employed for the purpose
of estimation is given below;

Hg: ¢; = 9; = 0 : No Oil prices spillover effects on stock returns
H§:y; = 6; = 0 : No Global US spillover effects on stock returns
H3: 6; = ¥; = 0 : No Regional EU spillover effects on stock return
Hg: ¢; = 6; = y; = 0: No mean spillover effects on stock returns

Hp: ¥; = 6; =; = 0 : No volatility spillover effects on stock retrn

Table 3: Wald tests for constant spillover model foentire sample period from
September 2000 — March 2012)

Wald; Wald, Walds Wald, Wald,
CRO 14.797* 46.178* 67.533* 2.201» 96.515*
(0.001) (0.000) (0.000) (0.086) (0.000)
CZE 31.864* 244.226* 194.387* 5.164* 302.17*
(0.000) (0.000) (0.000) (0.002) (0.000)
HUN 20.727* 242.231* 168.936* 4,199 466.16*
(0.000) (0.000) (0.000) (0.056) (0.000)
POL 39.776* 319.601* 143.008* 7.549* 418.02*
(0.001) (0.000) (0.000) (0.001) (0.000)
ROM 25.480* 56.351* 79.565* 4.217* 133.75*
(0.000) (0.000) (0.000) (0.006) (0.000)
RUS 52.362* 119.239* 28.973* 2.847# 142.51*
(0.000) (0.000) (0.000) (0.037) (0.000)
TUR 9.4069* 69.932* 35.113* 1.163 75.585*%
(0.002) (0.000) (0.000) (0.322) (0.000)
UKR 4.9343* 14.665* 21.380% 17.796* 16.151*
(0.008) (0.000) (0.000) (0.000) (0.000)

Note: P values and std. errors are in the parergbesnd brackets,whilst *, #, and " represent
significance level at 1%, 5% and 10%, respectively.

The presence of significant mean spillovers from S stock markets is found with
negative coefficients for Poland, Czech Republid éime Ukraine. The weak mean
spillover effect from regional EU market is statatly significant for Romania. Thus,
results show some mean spillover effects from glots& however, the mean spillovers
from regional market can be considered negligiBlecording to coefficient estimates

7 Wald;, Wald, ,Wald, ‘Wald, and Wald tests arey2(2) distributed under the aforementioned
null hypothesis.
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summarized in Table 2, the mean spillover fromreilurns significantly influences
stock returns of the Czech Republic, Poland, Roaand Russia, and the Wald tests
are rejected, accordingly. Judged by the scaldetbefficient, the lagged oil return is
found to be highly positive and significant for Riss(p,;;, 0.180). This finding can be
interpreted by the fact that Russia is the onlyesjborting country amongst the eight
European countries investigated. In other words$, refurns seem to highly and
positively drive Russian stock returns. The voistikpillover effects driven by oll
shocks area appeared to be strongly significantassdciated with positive parameter
signs for all countries, except for the UkraindRSGARCH (1, 1) model also captures
asymmetric effects for stock retufn¥he presence of asymmetric effects is found to be
significant only for stock returns of Hungary andrRey (Table 2). In other words,
some evidences of leverage effect (Ding et. al93)9implying that negative shocks
(bad news) tend to influence stock returns more fhasitive shocks (good news) are
reported only in the cases of Hungary and Turkey.

The effects of volatility spillovers for a countjyare evaluated according to variance
ratios namely, VR-US from global factor, VR-EU framegional factor, VR-OIL from
world factor and local VR-OWN are quantified angagted in Table 4. The variance
ratios assess the proportions of unexpected retartasal conditional variance. The US
volatility spillovers are found to be the most doating factor for conditional variance
of unexpected returns for all investigated coustmxcept for Croatia and Romania.
More specifically, on average 9.4%-26.7% of voigtispillovers are contributed by US
market shocks.

Table 4: Summary statistics for variance ratios forthe entire period (from Sep
2000-Mar2012)

CRO CZE HUN POL ROM RUS TUR UKR

VR EU M 22.713  26.716  24.583 16.851 20.055 10.866 3.895 6.367
SD  0.260 0.276 0.261 0.198 0.225 0.160 0.199 0.008
VR US M 16.187  26.798  25.028  24.837 18.707 21.7264.7A 9.492
SD 0.206 0.260 7.077 0.258 0.211 0.244 0.276 0.180
VR OIL M 8.219 7.802 0.070 20.386 9.576 16.932 B8.04 3.132
SD 0.145 0.311 0.115 0.219 0.146 0.210 0.107 0.078
VROWN M 52.880 38.681 43.331 37.923  51.656 50.4745.310 81.008
SD 0.345 0.311 0.322 0.292 0.325 0.334 0.242 0.277

Note: M for mean and SD for standard deviation.

In contrast, the EU market shocks account on aeefag 6.3%-25.7% of volatility
spillovers, which is relatively less than global W&atility spillovers. The result aids to
answer the second research question that the @k itturns, thereby the US S&P 500
index has most magnitude effect on national stockets of European national
markets. Judged by oil volatility spillover coeféaots, the highest oil volatility

8 Symmetrical AR(-1) GARCH (1,1) model is also estietatand reported in Table 1 in
Appendix. Judged by the signs and scale of sigmificcoefficients, it should be noted that
symmetrical and asymmetrical models present alsiastar results for all eight individual stock
markets.
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spillovers effects are found in the case of Ru@gi OIL=16.9%). Finally, purely local
shocks are more pronounced compared to externakshand on average for CEE
countries, means of local shocks are relatively lismampared to other European
countries. The interpretation of this is more likdue to the fact that CEE countries are
most integrated into the regional, and are consitléo be the most highly emerged
stock markets amongst other examined countries

Additionally, | also empirically tested the purelgional EU and global US mean and
spillover effects by excluding the oil price efféctand eventually, quantitative
evaluations the variance ratios are computed gruotted in Table 5.

Table 5: Summary statistics (Mean and std. dev.) foVariance ratios while
excluding Oil effect over entire period (from Septenber 2000-March 2012)
CRO CZE HUN POL ROM RUS  TUR UKR

VR EU Mean (%) 25.569 30.259  27.312 24.3421.681 16.543 16.557 8.139
Std. dev 0.281 0.299 0.279 0.257 0.256 0.221  0.2270.158

VR US Mean (%) 18.624 29.593  27.145 31.348.894 26.212 30.730 10.936
Std. dev 0.233 0.283 0.200 0.300 0.239 0.281  0.2990.207

VR OWN Mean (%) 55.805 40.146 45542 44.27AB.423 57.243 56.578 80.923

Std. dev 0.341 0.324 0.331 0.329 0.333 0.331 0.3440.276

The assessment by excluding oil effect also cordfirtinee dominating role of US
volatility spillovers over those from EU spilloveffects. In other words, the unexpected
returns of shocks on investigated European stoakets are mostly driven by global
US volatility effects and local shocks.

6.2  Sensitivity analysis

In the previous section | have shown that the mgmllover effects from regional EU
stock market are statistically insignificant. Tle@n be interpreted by the existence of
high correlation (0.828) between the US and EUlstoarket. Taking into account the
reason of such a high correlation, the so calledigeity analysis is implemented. The
analysis is mainly based onomitting the U.S ondopetagged return in estimation
framework by applying redundant variable test. €bfeports the results. The findings
indicate that with exclusion of US one period lagjgeturn, the mean spillover effects
from regional market becomes significant for CraatCzech Republic, Hungary,
Poland, and the Ukraine. None of the changes grerted for oil mean spillover
effects. Thus, the sensitivity analysis througheaetlundant variable tests draws
attention to several brief conclusion that by oimittthe US one lagged return yield the
EU mean spillover effects to have strong eviderioesrds stock returns of individual
European emerging and developing economies.

% The empirical results and Wald tests are repdrtdgble 2 and 3 Appendix.
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Table 6: Estimated results by Exclusion US effecR000-2012)

d @
Croatia 0.108# 0.025
(0.018) (0.274)
[0.045] [0.023]
Czech 0.097# 0.0447
(0.032) (0.054)
[0.023 [0.055]
Hungary 0.176* 0.045
(0.002) (0.110)
[0.058] [0.028]
Poland 0.144* 0.064#
(0.003) (0.019)
[0.049] [0.027]
Romania 0.108" 0.080#
(0.053) (0.011)
[0.058] [0.031]
Russia 0.040 0.106*
(0.391) (0.006)
[0.047] [0.039]
Turkey 0.101 0.050
(0.185) (0.310)
[0.076] [0.049]
Ukraine 0.302* -0.070#
(0.000) (0.029)
[0.056] [0.036]

Note: P values and std. errors are in the parenthem®d brackets, whilst *#, and ~ represent
significance level at 1%, 5% and 10%, respectively.

Judging by obtained signs and scales of coeffisianthe Table 6, for some countries,
the strong indication of EU mean spillovers usiegundant variable test seems to be
interpreted by previous high correlation (0.828Wwsen the US and EU stock returns. It
is worth to note that high correlation between txplanatory variables, namely the US
and EU lagged returns, possibly introduce Multiolarity problem which cannot be
ignored (Brook, 2008).

6.3 Asymmetric spillover effects on stock returns

Although the asymmetric term is associated in pringpillover models and is found to
be significant for some countries (Hungary and Eyjkthe approach mentioned above
sheds more light on exploring the response of stettkns separately towards negative
and positive market shocks and upturns and dowstirtagged returns transmitted to
global (GF US), regional (RF EU), and world factdi&/F Oil). Since the mean
specifications for global and regional factors aegligible, the asymmetric effects from
all transmitted market shocks and only from onegéaboil price returns are reported
and analyzed. The Table7 summarized the estimaéisults for asymmetric tests on
national stock returns. Except for Croatia, all esthstock markets respond
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asymmetrically to upturns and downturns in oil prizvhere the estimated coefficient of
Rfic—1 ande; is highly significant’.

_ - + - +
Rjt =coj+ ¢ jRjt—1+ Vo jRust-1+ V1,jRise-17+ 80 jREy -1 + 61, jREy-1 +

- + - + - + -
©1,jRoie—1 + @1,jRoi -1 + 0o j€us: + 01j€0st + Vo j€rut + W1j€Eus + Vo j€oire T

+
Uy j€oire T €t (19)

Table 7: Estimated coefficients for the asymmetricspillover model, Sep 2000 —
Mar 2012

Croatia Czech Hungary  Poland Romania Russia TurkeyUkraine

®, 0009  -0.054%# 0.047 0072 0.077# 0.110* 0.049 96.0
(0.833)  (0.020)  (0.102)  (0.009)  (0.015)  (0.005) 3gM)  (0.007)
[0.045] [0.046]  [0.052] [0.050] [0.058]  [0.067)  M@B2]  [0.078]

@, 0030  1.092* 1.239*  1.203*  0.923* 0.701* 1.009* 013
(0.528)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) OCB)  (0.000)
[0.030] [0.047)  [0.067] [0.060] [0.065]  [0.068]  [O]  [0.080]

Y, 0.872*  0.780 0.866*  0.979*  0.605* 0.782* 1.046%*  280*
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) OCD)  (0.000)
[0.132] [0.089]  [0.108] [0.115] [0.126]  [0.165]  [i4]  [0.137]

¥, 0636*  0.179 0.202¢  0.231*  0.227* 0.364* 0212  0B9
(0.000)  (0.000)  (0.000) (0.000)  (0.000)  (0.000) OCD)  (0.175)
[0.133] [0.122]  [0.142] [0.139] [0.180]  [0.210]  @®R4]  [0.215]

9, 0.554*  0.379 2589  0.341#  0.389" 0.499* 0.189%  94T*
(0.000)  (0.005)  (0.001) (0.039) (0.052)  (0.006) OFD)  (0.002)
[0.072] [0.056]  [0.061] [0.066] [0.100]  [0.090]  [B6]  [0.113]

g, 0.248*  0.125* 0.063  0.115%  0.104* 0.122 0.0290%# B2
(0.008)  (0.000)  (0.215)  (0.003)  (0.000)  (0.002) 088)  (0.000)
[0.093] [0.081]  [0.094] [0.091] [0.141]  [0.123]  [Ori]  [0.157]

¥ 0086  -0.027 0.161#  -0.005  -0.020 0.001 0.058* .06
(0.087)  (0.468)  (0.025) (0.893)  (0.454)  (0.998) 0(1)  (0.287)
[0.057] [0.042]  [0.057] [0.050] [0.072]  [0.067)  [@®6]  [0.086]

9, 0.181*  0.836* 0.619*  0.853*  0.887* 0.849*  0936* 767+
(0.002) (0.000) (0.000) (0.000) (0.000) (0.000) OQB) (0.000)

[0.048] [0.061]  [0.060] [0.056] [0.064]  [0.087]  [m4]  [0.096]

Note: P values and std. errors are in the parenthemad brackets, whilst *#, and ~ represent
significance level at 1%, 5% and 10%, respectively.

The coefficients oR;,_; andg, are found to be significant for the Czech Repyblic
Poland, Romania and Russia. In other words, it sebat the increase in oil returns has
a greater effect rather than the decrease, anthégmitude of increase is greater for
countries such as Poland, Czech Republic and RuBseaWald testH3: ¢, = ¢,) of

no oil shocks, however, is rejected for Romania #red Ukraine only. The results in
Table 7 also indicate that stock markets of all Bugopean emerging and developing
countries except for Croatia respond asymmetrictdlyoil shocks. In spite of that,
Romania, Russia and the Ukraine seem to respondisamtly only to positive shocks,
however, the stock returns of the Czech Republiongdry, Poland, and Turkey
significantly depend on decrease and increaseoailneodity oil price. The evidence is

19 Note: the constant one period own lagged of imtilisl countries are not reported in estimation
results.
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that stock returns of individual countries tendasymmetrically react to oil price
shocks.

Furthermore, some indication of asymmetric existsrtowards global US and regional
EU market shocks is recorded, too. Strong evidentessymmetric response for US
and EU contemporary residuals specified with negaf ;s andez; ) and positive
(EJSI and egu,t) shocks are obtained. Based on the significantficaeit values, the
negative shocks in both US and EU markets have reffeets than positive shocks,
implying that investors tend to react sharply te thegative shocks rather than the
positive ones.

Despite the fact that regression coefficients apggbastrongly for contemporary
residuals from oil market as well as the US anddkid¢k markets, the joined Wald tests
are not rejected in most of the cases. More spadlfi in the case of regional EU
shocks, the joined Wald tests of no asymmetricaeses to EU shocks are rejected
only for Hungary, Poland, and Russia at 5% sigaifite level. Not surprisingly,
asymmetric responses towards negative shocks are substantial thanks to positive
shocks caused by regional EU residuals in the aafsesingary, Poland, and Russia. In
addition, Russia is the only market to respond iiggmtly to oil price shocks, yet at
10% significance level. Moreover, the asymmetriockts from US market are reported
to be jointly significant only in the cases of Ciaaand Romania. Taking into account
the empirical findings fromWald test results, soev@ences of asymmetric effects can
be concluded (Table 4 in Appendix). However, thecktreturns of the European
emerging and developing markets do not react asyrimaky to either contemporary
residuals or returns in most of the cases.

6.4  Conditional spillover model results

In order to evaluate performance of spillover isfdas caused by global and regional
stock market, conditional spillover modelspeciflgdequations (20)-(23) are relevantly
explored for eight individual European countriesr vestigation of behavior of EU
and US spillovers, instrumental variables suchah&nge rates and total trade/GDP
are applied.

The results shown in Table 8 indicate that totadér to GDP ratio with positive

coefficient (0.973) is the only significant variablkexplaining the EU conditional

spillover effects for Croatia. Similar arbitrary pimcal results are obtained for the
Czech Republic and Romania. More specifically hia tase of the Czech Republic, US
conditional mean spillovers and EU volatility spilers are significantly driven by

exchange rate changes, with coefficients of -0&801.122.

On the other hand, for Romania, the US conditionehn spillover effect is explained
by total trade/GDP ratio with corresponding positieoefficient of 0.159. Moreover,
both US conditional mean and volatility spilloverg not found to be strong in the case
of Hungary and Poland. The exchange rate changksadsa strong proxy in explaining
the behavior of EU conditional volatility transmimss for Poland, while the total
trade/GDP is a strong proxy in the case of Hungkoy. both Hungary and Poland,
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conditional mean spillovers from regional markete aeported to be significantly
introduced by two macroeconomic instrumental vdesbStill more interesting is the
case of Russia, both EU conditional mean and Viyasipillovers are not found to be
driven by constructed instruments. However, thémeded instruments for explaining
the parameters of US conditional mean and volatilillover effects are found to be
highly significant and positive. There is strongpercal evidence that US conditional
spillover intensities can be explained by exchaae fluctuations of USD and ruble, as
well as by the total trade between US and RussleiWt comes to findings for Turkey,
only exchange rate changes, namely LIRA/USD andAIERIRO can significantly
impact the US and EU conditional spillover paramete

Table 8: Estimated coefficients for the conditionakpillover model, from Sep 2000

to Mar 2012
CRO CZE HUN POL ROM RUS TUR  UKR
US conditional Mean spillover
Constant Vo 2555 -1.668 5.520 1.140 4.446 -4982 0.835 -6.972"
(0.352) (0.724) (0.196) (0.819)(0.156) (0.140) (0.750)(0.077)
[2.748] [4.731] [4.271] [1.140] [3.136] [3.376] [2.627] [3.957]
Exchange rate vi -0.774 -0.630# -0.497 -0.097 1.199 2.916* 1.782* 1.683#
changes (0.108) (0.036) (0.324) (0.872) (0.080) (0.004) (0.000)(0.023)
[0.482] [0.300] [0.504] [0.608] [0.687] [1.005] [0.363] [0.742]
Trade to GDP ratio v, 0.084  0.353 0.241  0.071 0.159# 0.450* 0.119 -0.340
(0.728) (0.405) (0.483) (0.772)(0.044) (0.003) (0.635)(0.136)
[0.244] [0.424] [0.344] [0.460] [0.298] [0.123] [0.252] [0.228]
EU conditional Mean spillover
Constant po -0.061  4.037 33.459 3.606 0.039 1.847 0.305 -3.212
(0.962) (0.648) (0.019) (0.523)(0.993) (0.794) (0.936)(0.452)
[12.89] [8.861] [14.35] [5.652] [4.692] [7.076] [3.807] [4.273]
Exchange rate p. 4239 -0.921 4.656# 3.563* 1.447 0.210 1.026* 0.839
changes (0.529) (0.366) (0.024) (0.003) (0.140) (0.884) (0.004)(0.186)
[6.739] [1.021] [2.074] [1.234] [0.982] [1.443] [0.361] [0.634]
Trade to GDP ratio p, 0.973# 0.084 0.982 0.132 0.215 0.291  0.063 -0.207
(0.021) (0.937) (0.136) (0.840) (0.655) (0.277) (0.880)(0.586)
[0.432] [1.083] [0.659] [0.655] [0.482] [0.268] [0.420] [0.362]
US conditional Volatility spillover
Constant wo 2.094  -0.951 3.781 1.180 3.783 -6.278" 1.239 -8{485
(0.456) (0.846) (0.384) (0.813)(0.233) (0.064) (0.648)(0.029)
[8.810] [4.910] [4.351] [5.008] [3.173] [3.395] [2.721] [3.897]
Exchange rate w; -0.659 -0.540" -0.338 0.115 1.264" 3.206* 1.735* 1.933*
changes (0.180) (0.079) (0.514) (0.854) (0.067) (0.001) (0.000)(0.008)
[0.492] [0.308] [0.519] [0.630] [0.690] [1.001] [0.377] [0.736]
Trade to GDP ratio w, 0.067 -0.256 0.165 0.101 0.539" 0.424* 0.161 -0M426
(0.787) (0.565) (0.636) (0.827)(0.076) (0.000) (0.537)(0.060)
[0.250] [0.446] [0.350] [0.462] [0.304] [0.124] [0.261] [0.225]
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EU conditional Volatility spillover
Constant g -6.200 -6.962 -13.691 -3.805#2.621 4.682* -0.817 -1.010

(0.389) (0.131) (0.123) (0.021)(0.311) (0.002) (0.733)(0.674)

[7.205] [4.612] [8.889] [3.099] [2.590] [4.357] [2.405] [2.409]

Exchange Rate g, 2.696 1.122# 1319 1.316# 0178 -1.060 -0.400472
Changes (0.479) (0.046)  (0.341) (0.043)(0.747) (0.239) (0.045)(0.656)
[3.809] [0.563] [1.385] [0.651] [0.555] [0.902] [0.202] [0.388]

Trade to GDP ratio @ -0.104 0401 -0.800# -0.231 -0.319 0112 -0.114 15.
(0.627) (0.483) (0.020) (0.510)(0.228) (0.476) (0.633)(0.442)

[0.215] [0.572] [0.346] [0.351] [0.265] [0.158] [0.263] [0.199]

Note: P values and std. errors are in the parenthemad brackets, whilst *#, and ~ represent
significance level at 1%, 5% and 10%, respectively

Finally, none of the time varying spillover modelsn be explained by exchange rate
changes and total trade to GDP ratio in the casth@fUkraine. The insignificant
evidences for the Ukraine draws attention to exilon of other macroeconomic or
financial data to further empirically investigatenditional spillover effects.

The overall overview is that instrumental variableamely exchange rate changes and
Trade/GDP ratios, do not properly introduce cleatr results for all the countries to
explain conditional spillover models. It should heted, however, that among the
obtained empirical results for instrumental intéesi exchange rate changes seem to
me more powerful instrument in explaining the USl &U spillover parameters rather
than trade/GDP ratio.

Finally, in order to fully evaluate the conditionadodel, variance ratios are also
computed. The Table 9 shows that similar to conistaodel volatility spillover effects
local shocks account for most of the market shomkstotal variance, and the US
variance ratios are still substantial comparedhéoBEU and oil ratios.

Table 9: Summary statistics forVariance ratios forconditional spillover mode over
the entire period, (from Sep 2000 to March 2012)
CRO CZE HUN POL ROM RUS TUR  UKR

VR EU Mean 21.117 24.469 23.24020.168 16.716 9.456  12.122 8.553
Std.dev 0249 0.266 0.256 0.232 0.214 0.143  0.182.1600
VR US Mean 16.118 26.541 24.91327.777 17.745 21.047 25.102 10.136

Std.dev  0.205 0.252 0.257 0.275 0.207 0.239  0.279.1820
VR OIL Mean 8.458 8.183 7.137 7.967 9.154 17.169 14B8. 2.076
Std.dev  0.149 0.140 0.116 0.124 0.157 0.218  0.118.0650

VR OWN Mean 54.246 40.665 44.70844.093 56.383 52.035 56.63379.230
Std.dev  0.345 0.319 0.322 0.322 0.335 0.335  0.24Q.286

23



Similar to constant spillover model, the volatilgpillovers effects from the US market
shocks account for the most of the variances coaaptar regional EU stock market and
oil market in conditional model. In contrast to stant spillover model, the regional and
global volatility spillovers are almost equally wlisuted for the Czech Republic,
Hungary, Romania, Poland, and the Ukraine. Evelytualvn shocks appeared greatly
in the case of the Ukraine which was then followgdrurkey and Croatia.

6.5 AR (1)-GJR-GARCH (1, 1) dummy model: EU enlargementffect

By using the equation (24) given by GARCH modek #ffect of EU accession is
empirically examined for EU member countries, namfdr the Czech Republic,
Hungary, Poland and Romania. Table 10 shows thatffsiant results are obtained only
in the case of Romania upon admission of the cgunto EU.

Table 10: Dummy variable model estimation results

Czech Hungary Poland Romania
Co 0.583* 0.591# 0.147 0.629*
(0.000) (0.013) (0.497) (0.001)
[0.174] [0.238] [0.217] [0.202]
C -0.073» -0.064 -0.106# -0.031
(0.085) (0.139) (0.021) (0.466)
[0.042] [0.043] [0.043] [0.043]
5 -0.032 0.121 -0.029 0.184#
(0.642) (0.127) (0.714) (0.047)
[0.070] [0.079] [0.081] [0.093]
y 0.173# 0.083 -0.235* -0.110
(0.012) (0.293) (0.005) (0.276)
[0.069] [0.078] [0.085] [0.101]
9 0.057# 0.050" 0.072 0.082#
(0.017) (0.079) (0.009) (0.010)
[0.023] [0.028] [0.028] [0.031]
1)) 1.083* 1.240* 1.205* 0.903*
(0.000) (0.000) (0.000) (0.000)
[0.057] [0.067] [0.071] [0.077]
Dourr -0.328 -0.455 0.078 -0.555#
(0.119) (0.112) (0.753) (0.050)
[0.210] [0.286] [0.250] [0.286]
0 0.774* 0.871* 0.979* 0.608*
(0.000) (0.000) (0.000) (0.000)
[0.035] [0.039] [0.041] [0.056]
@ 0.182* 0.206* 0.231* 0.228*
(0.000) (0.000) (0.000) (0.000)
[0.023] [0.031] [0.027] [0.034]

1 The Table 16 presents results only for mean eguiati GJR-GARCH model.
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Note: PP values and std. errors are in the parergheand brackets, whilst *#, and ” represent
significance level at 1%, 5% and 10%, respectively.

More specifically, the findings indicate that théngssion of Romania in EU in 2007
seems to be statistically significant, still witeagative coefficient of -0.555. In other
words, in the case of Romania volatility spillovessem to decrease after the EU
accession. However, the results of EU enlargeméetteare significant in 2004.
Additionally, quantified variance ratios for GARC#ummy model also revealed that
the proportion of variance caused by regional Edatfis relevantly small for Romania,
which is 9.3%. Furhemore, quantified variance matfor dummy Garch model is
presented below in Table 11.

Table 11: Summary statistics for variance ratios fodummy variable model period
from September 2000 to March 2012

CZE HUN POL ROM
VR EU Mean 18.566 15.005 23.105 9.335
Std. dev 0.229 0.199 0.250 0.118
VR US Mean 29.469 28.400 27.536 20.385
Std. dev 0.272 0.235 0.275 0.246
VR OIL Mean 9.221 8.593 7.593 11.492
Std. dev 0.138 0.136 0.122 0.164
VR OWN Mean 42.742 48.000 41.764 58.787
Std. dev 0.316 0.332 0.318 0.317

7. Conclusion

The paper studied the mean and volatility spilloeéfects from US, and EU stock
markets, as well as from the oil market to eightividual European stock markets.
Applying GJR-GARCH model, | found strong evidenaasvolatility transmission,
particularly global, regional and world factors #rds the national stock markets of
eight European countries. The empirical outcomss ahowed that amongst the three
external factors, the US volatility spillover intties account for most of the proportion
of unexpected returns, except for Croatia and Ramamough. The empirical findings
are also similar for pure global and regional statkrkets while excluding the world
factor oil. The empirical results of mean spilloedfects are mixed and imply no strong
evidences for Croatia, Hungary and Turkey. In additto that, through various
specifications in the so-called sensitivity anadydi have revealed that the EU mean
spillover effects are fairly sensitive in conjumctiwith the US mean spillover effects
towards individual stock markets countries. Moreotlee results also showed that for
no European Union member country is highly influeshdy their own local shocks,
which , however, appeared to be the highest irutkraine that was followed by Turkey
and Croatia.

Furthermore, oil market shocks are found to beifiggmt for all countries and, in
particular, drive the stock returns of Russia widry high and positive coefficients.
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This finding is readily explained by a higher pmese of oil and gas sector companies in
the total market capitalization for Russian stocirket. On the other hand, there are
weak indications of asymmetric responses. More iBpally, only Romania, Poland
and the Ukraine asymmetrically responded to EU etarkhocks. Asymmetrical
responses towards US shocks are found only in dse of Romania. Only the stock
returns of Russia respond asymmetrically to oilc@rimarket shocks, though the
response is fairly weak.

Additionally, in order to test the European Uniariaegement effect through spillover
effects on stock markets, | utilized the preserfce dummy variable constant model. |
found out that the effect is evident only in theseaf Romania. Thus, the overall
inference of the dummy model is that EU membershgiters for stock returns in
Romania while being significant and still negativdthough the significance level is
not statistically high, it can reflect some evideraf hypothesis on EU enlargement
effect.

Finally, | also found statistically significant tds for a conditional model and the
conditional model appeared to be prior to the otsspillover model. Overall, the
empirical outcomes of conditional spillover modainche summarized based on two
essential inferences, the first of which is relatedstimation results on parameters of
global and regional markets. More specifically, @mpl findings of exchange rate
changes in most cases are highly significant arsitipe for US spillover effects, while
when judged by sign and scale of coefficients lier EU spillover effects, the empirical
results are found to be relatively weak or insigaifit. The second implication is that
most of the parameters both for mean and spilleffeacts are significantly explained
by exchange rate changes rather than the totad/@&P ratio, which shows the relative
importance of exchange rate fluctuations for spéio effects amongst examined
European countries.
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Appendix

Table A2: Wald test results in asymmetric model fron September 2000 to March
2012

Wald; Wald, Walld; Wald, Walds Walld,
CRO 2.936" 1.618 0.681 1.089 4.857 1.309
(0.087) (0.203) (0.794) (0.297) (0.057) (0.252)
CZE 0.023 1.175 0.108 1.402 0.065 0.377
(0.878) (0.278) (0.741) (0.236) (0.798) (0.539)
HUN 0.386 0.383 0.493 5.4394# 0.038 0.001
(0.584) (0.536) (0.482) (0.020) (0.845) (0.986)
POL 0.665 0.012 0.266 4.679# 0.554 1.429
(0.415) (0.910) (0.606) (0.030) (0.456) (0.232)
ROM 1.318 0.002 3.120n 2.204 7.358* 0.446
(0.251) (0.962) (0.077) (0.138) (0.006) (0.504)
RUS 0.318 0.057 0.001 3.741# 0.001 5.561"
(0.572) (0.810) (0.991) (0.050) (0.981) (0.090)
TUR 0.104 0.808 0.409 0.432 0.001 1.607
(0.746) (0.369) (0.522) (0.511) (0.996) (0.205)
UKR 1.701 0.402 2.515 17.300* 1.317 0.650

(0.192)  (0.526)  (0.078) (0.000) (0.251)  (0.420)

Note: P values and std. errors are in the parenthemed brackets, whilst *#, and ~ represent
significance level at 1%, 5% and 10%, respectivahd also null hypotheses of joined Wald tests
are presented below.

Table A3: Wald test results under oil exclusion aostant spillover model
(September 2000- March2012)

Wald, Wald, Wald; Wald,
CRO 52.562* 69.398 3.547 121.11
(0.000) (0.000) (0.029) (0.000)
CZE 206.07 190.57 7.259 379.82
(0.000) (0.000) (0.002) (0.000)
HUN 201.93 163.76 6.395 570.30
(0.000) (0.000) (0.002) (0.000)
POL 238.27 131.83 9.873 376.69
(0.000) (0.000) (0.001) (0.000)
ROM 61.385 87.802 4.851 171.67
(0.000) (0.000) (0.009) (0.000)
RUS 103.73 29.021 4.158 138.54
(0.000) (0.000) (0.021) (0.000)
TUR 74.022 39.093 2.236 108.87
(0.000) (0.000) (0.108) (0.000)
UKR 15.426 24.110 10.048 42.931
(0.000) (0.000) (0.001) (0.000)
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Note: P values and std. errors are in the parenthemsd brackets, whilst *#, and » represent
significance level at 1%, 5% and 10%, respectivahd also null hypotheses of joined Wald tests
are presented below:

Hg:v; = 6; :no global US spillover effects
H§: 8; = ; : no regional EU spillover effects
Hg:y; = 6; : no mean spillover effects

Hg: 6; = v; : no asymmetric responses to US shocks
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