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Abstract
We examine the spillover of implied volatility, boacross U.S. and European stock markets and
within European markets, as well as the effectcbeduled U.S. and European macroeconomic news
announcements on this transmission. To this ermuse a number of synchronously measured
international implied volatility indices. Consiatewith existing literature, we find significant
spillovers of implied volatility between U.S. andifgpean markets as well as within European
markets. In particular, there is a spillover efffom U.S. to Europe that remains significant even
after controlling for spillovers within the Euro4ze. In addition, we find that only the European
releases affect U.S. and European implied vohatilithese resolve information uncertainty, leading
to a decrease of implied volatility. Neverthelessws announcements, both at the aggregate and
individual level, do not fully explain the reportegillovers. However, they affect the magnitude of
volatility spillovers. Our results are robust ttreme market events, such as the recent financial
crisis and support the notion of volatility contagi
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1 Introduction

The Crash of October 1987 in U.S. stock marketitmidmpact on other stock markets around the
world has motivated the growth of a vast literatilmat explores the transmission of volatility asros
stock markets (see Gagnon and Karolyi, 2006, fogxdansive review). Surprisingly, to the best of
our knowledge there is no paper that examines whetlews announcements affect volatility
spilloverst From a theoretical point of view, news releasesexpected to affect volatility since
they affect expectations about future cash flovee (Schwert, 1989, for a similar rationale on the
relationship between volatility and macroecononadables); Ross (1989) shows that in the absence
of arbitrage, the instantaneous variance of retequsals the variance of information flow. In this
paper, we examine the spillover iofiplied volatility, both across U.S. and European marlaetd
within European markets as well as the effect ofcnmeconomic scheduled news on this
transmission. Implied volatility is, by definitipra measure of expected stock market volatility.
Hence, it is inherently a forward-looking measufemarket volatility and therefore is expected to
estimate it more accurately as opposed to histonesmsures of volatility (see e.g., Granger and
Poon, 2003, for a review of the literature on thé&rmation content of implied volatility and
Kostakis et al., 2011, for a discussion of the afsef the information embedded in option markets in
finance).

A number of studies have documented the transmissib implied volatility across
international markets (see e.g., Gemmill and Kamiga2000, Skiadopoulos, 2004, Konstantinidi et
al., 2008). In addition, the empirical evidencggests that implied volatility drops as soon as a
scheduled news announcement is released (sedatgll, and Wolfson, 1979, Donders and Vorst,
1996, Ederington and Lee, 1996, Fornari and Mé@,12Kim and Kim, 2003, Fornari, 2004, for an
examination of at-the-money implied volatility, Baj 1988, for a study of an average of implied
volatilities, and Beber and Brandt, 2006, for aamaation of the second moment of option implied
risk-neutral distributions). This finding is consistent with the models of lieg volatility behavior

around scheduled news announcements suggesteddlyadd Wolfson (1979), and Ederington and

! To the best of our knowledge, Connolly and Wan@9@) is the only study that has examined the malietween
news announcements and volatility spillovers. Tee&plore whether news announcements account foreperted
volatility spillovers between U.S., U.K., and Japaiiheir study, however, is based on realized ilitjatvhere the
volatility measure is constructed from historicatal (conditional volatility model).
2 In the case of scheduled news announcementsnifgtbut not the content of the release is knovpmiari by market
participants. There is also some literature tleisiers unscheduled news announcements (i.e engita timing nor
the content are known a priori by market partictpgnimplied volatility is found to increase on gheduled
announcement days (see e.g., Ederington and L86, E@rnari and Mele, 2001).
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Lee (1996) that predict that implied volatility labn scheduled news announcement days leading to
a resolution of uncertainfy. A similar reaction to scheduled news announcesnbas also been
documented in an implied volatility index settirgeé e.g., Chen and Clements, 2007). However,
none of these studies has investigated the effenews announcements to the reported volatility
spillovers; their analysis is constrained in a Ergpuntry setting.

Extending the existing literature, we investigabe tmpact of news announcements on
volatility spillovers. In particular, this paper ties together the wuliyp spillover and news
announcement literature by examining (1) how shdokvolatility are transmitted both between
U.S. and European stock markets and within Europearkets, (2) how news announcements
account for the reported volatility spillovers,.ite what extent volatility linkages across markaats
driven by news announcements, and (3) whether reew®uncements affect the magnitude of
volatility spillovers, i.e. whether volatility spivers are significantly different on announcement
days as opposed to non-announcement days. Theemanewthese questions is of particular
importance to both academics and practitionersafdeast the following four reasons. First, the
results will shed light on whether news releasesl l® a resolution of uncertainty. Second, the
transmission of volatility shocks from one marketanother offers direct evidence of how much
markets within and across regions are integrateé €sg., Bekaert et al.,, 2005, and references
therein). Third, understanding how volatility skectransmit from one market to another is
important for international portfolio managementlarsk management. For instance, in the case
where volatility is transmitted across markets insystematic way around scheduled news
announcements, it may be possible to devise pbiditaption trading strategies (see e.g., Donders
and Vorst, 1996, Ederington and Lee, 1996). Foumtthe case where volatility spillovers continue

to show up even after news announcements aboutidfuentals” have been taken into account, this

% Both models predict that implied volatility incess gradually prior to a news release and falltherannouncement
date. This prediction does not take into accohetdontent of news announcements. In additiois, fased on the
interpretation of implied volatility as the averagelatility expected until the expiration of thetmm (see Hull and
White, 1987), a set of further assumptions and rinkihg time to maturity. Thus, this predictionetonot hold for
implied volatility indices that have a constant ¢ito maturity at every point in time. However, bobodels can be
extended so as to accommodate a constant time toritpayet unambiguous predictions cannot be madtbout
making any additional restrictive assumptions. Nadg® that in the case of conditional volatilitfgetreverse behavior is
anticipated, namely conditional volatility is expet to be low before an important release occudstben increase on
the announcement (see Cenesizoglu, 2009, for adfiead explanation). This is in line with the eimgal evidence
reported on the conditional volatility in bond mei, termed the “calm-before-the-storm” effect bgek et al. (1998).
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points to the existence of volatility contagibn.

To address our three main questions, we adopt nr@gnnational implied volatility indices
widely followed by academics and practitioners. r&éepecifically, we use seven European and the
U.S. VIX implied volatility indices. These are @iructed in a model-free way and enable capturing
the volatility of the respective stock markets (deng and Tian, 2005, Carr and Wu, 2006 and the
CBOE VIX white paperf. The value of an implied volatility index represethe implied volatility
of a synthetic option that has constant time-toumgt at every point in time. In addition, theyear
more informative than the implied volatility of angle option contract, since they take into account
the information contained in option prices acrdss whole spectrum of strike prices. Furthermore,
using implied volatility indices is advantageousdngse they are not subject to the considerable
measurement errors that implied volatilities ar®rious for since they use information from out-of-
the money options (see Hentschel, 2003). In amditthe use of U.S. and European implied
volatility indices will also allow us detecting timportance of the two regions in explaining imglie
volatility spillovers, i.e. whether there is a Epean (U.S.) regional effect where Euro-zone (U.S.)
volatility drives European and U.S. volatility imgis. To address the three posed research questions
we employ vector autoregression specifications #filatv studying the effect of news releases on
volatility transmissions. We consider a number veéll followed U.S. and European news
announcements and construct aggregate and regiewalreleases variables.

To the best of our knowledge, the approach takethig paper is novel and makes four
contributions to the existing literature. Fir$texamines whether there is a U.S. effect thatedrihe
changes in implied volatility after we explicitlywtrol for the European regional effect. This is
analogous to the literature that attributes a agimvolatility to three separate sources, nambby t
local (i.e. own-country), the regional (i.e. owrgien) and the world (usually the U.S. is used as a
proxy of the world) component (see e.g., Baele 52@&kaert et al., 2005, Asgharian and Nossman,
2010). This literature finds mixed results, in #emse that the regional component is more importan
in some cases (see e.g., Bekaert et al., 2005,afaghand Nossman, 2010) and the U.S. component

* There is not a unanimous agreement in the litezatn the definition of contagion (see Karolyi, 30@nd Pericoli and
Shracia, 2003, for reviews). We define volatilityntagion to be the existence of volatility linkagkat are not linked to
prevailing economic conditions as these are reftetty economic news announcements (see e.g., Bde 2003, and
Bekaert et al., 2005, for an analogous definitiomhis definition allows distinguishing from volkty spillovers that are
due to normal interdependence across various edesqsee also Dornbusch et al., 2000, Forbes agabRon, 2002).
Yet, it should be acknowledged that the questiowadétility contagion is inevitably tested jointlyith the assumed
variables that are used to control for its exiséenidence, all results should be treated cautiously

® The CBOE white paper can be retrieved from httpuilr.cboe.com/micro/vix/vixwhite.pdf
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dominates in some other (see e.g., Baele, 2008rorfsl, we provide evidence whether volatility
spillovers exist even after the effect of econofaimdamentals reflected by news announcements has
been taken into account. In the case they dagsipotential alternative explanations for volfili
spillovers, e.g. the contagion explanation offdogdhe model of King and Wadhwani (1990) where
rational agents try to infer information from prichanges in other markets thereby causing an
increase in volatility in their market. Third, theesult also provides evidence for whether
macroeconomic news releases affect the magnitudenplied volatility spillovers. Fourth, we
examine the impact of both U.S. and European nelesases; the literature on the effect of news
announcements on implied volatility has considetledt of either U.S. or European releases,
separately. In addition, the use of various U.S. and Europedease items enables us to detect their
respective individual as well as aggregate impacthe dynamics of implied volatility. Previous
studies have primarily focused on examining thectfbf individual news release on volatility, with
the exception of Nofsinger and Prucyk (2003) andGaeij and Marquering (2006) who employ
aggregate news announcements within a single-gogatting. We also examine the robustness of
the results in the presence of the recent 2007-2@@8cial crisis period. To this end, we perform
an additional check by applying the method propdsgdBae et al. (2003) that takes into account
extreme co-movements in volatilities. This shagktlon whether extreme market events affect the
transmission of implied volatilities and the rofenews releases.

The rest of the paper is structured as followse fidlowing section describes the dataset. In
Section 3 presents the results pertinent to impl@dtility spillovers. Section 4 explores the ext
to which implied volatility spillovers are presedvence the surprise effect of aggregate, regional
and individual news announcements has been takeragcount. Section 5 examines the impact of
aggregate and regional news announcements on tigaitonde of implied volatility spillovers.
Section 6 investigates the robustness of the sesefiorted in the previous sections in the caseavhe
the period over the recent sub-prime crisis is ictamed. The final section concludes and discusses

the implications of the findings.

2 The dataset

The data consist of daily levels of seven impliethtility indices and a set of macroeconomic news

® Nikkinen and Sahlstrom (2004) considered the eféédboth European and U.S. releases on impliedtifioy. They
find that only the U.S. news announcements exsigrificant impact on implied volatility.
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announcements. The sample is from July 1, 20@3etember 31, 2010. One U.S. (VIX) and six
European (VDAX-NEW, VCAC VAEX, VBEL, VSMI and VSTOX) implied volatility indices are
considered. In the case of the European indices,employ daily closing prices measured at
11:30am ET. In the case of VIX, opening pricesdsuged at 9:30am ET), intraday (measured at
11:30am ET so as to match the closing time of tbeofean option markets) and closing prices
(measured at 4:15pm ET) are considered. Notestirae of the previous studies have examined the
reaction of financial market volatility to news ammcements by using intra-day data (see e.g., Chen
et al., 1999, for an examination of stock markedatility). We focus instead on the closing pricgés

the European implied volatility indices under caesation. The choice of daily data is not casual.
First, high-frequency data are unavailable for mogtlied volatility indices over the whole sample
period. Second, closing prices are less noisy thanntra-day ones that suffer from microstructure
frictions (see Brenner et al., 2009, for a disaussind references therein). Third, closing prees
immune to the “leakages” of the announcement inédiom prior to the actual release (see Birru and
Figlewski, 2010), and the adjustment of volatilityits equilibrium level after the occurrence oé th
announcement (see Ehrmann and Fratzscher, 200Biandnd Figlewski, 2010).

The construction algorithm of all implied volatyitndices is based on the concept of model-
free implied variance proposed by Britten-Jones ldadberger (2000). Every index represents the
30-day variance swap rate once it is squared (seea@d Wu, 2006, Jiang and Tian, 2007, and the
references thereif).VIX, VDAX-New, VCAC, VAEX, VBEL, VSMI and VSTOXX are extracted
from the market prices of options on the S&P 5005()) DAX (Germany), CAC 40 (France), AEX
(Netherlands), BEL 20 (Belgium), SMI (Switzerlara)d DJ EURO STOXX 50 (Eurozone) index,
respectively. The closing prices for all implieolatility indices are obtained from Bloomberg. The
intra-day data for VIX are obtained from CBOE.

Table 1 shows the summary statistics of the impliettility indices (in levels and first
differences, Panels A and B, respectively). Th&t order autocorrelatiopy, the Jarque-Bera and
the Augmented Dickey Fuller (ADF) test values alsoaeported. We can see that none of the
implied volatility indices is normally distributedither in levels or first differences. In additjon

"The construction algorithm of all implied volatjliindices is based on the concept of the fair valuthe variance swap
rate suggested by Demeterfi et al. (1999). JianmgyTaan (2007) show that this concept is equivaterthe model-free
implied variance.
8 A variance swap is a forward contract on annudlizariance; the buyer (seller) of the contract ifszethe difference
between the realized variance of the returns ¢ét&d index and a fixed variance rate, termed madawap rate, if the
difference is positive (negative).
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most indices exhibit strong autocorrelation botithia levels and first differences. Finally, théues

of the ADF test show that implied volatility inde@re non-stationary in the levels, and statiomary
the first differences (see also Dotsis et al., 2007 a study on the dynamics of various implied
volatility indices).

We also employ eleven U.S. and eight European sid@chews announcement items. The
exact timing of the releases and their correspansimvey forecasts are obtained from BloomBerg.
Every Friday, Bloomberg surveys key market partiais for their forecasts regarding the values of
economic variables that will be released within tiext week. The median of the survey is
considered as the forecast for the respective ecmneariable (see Vdh&maa et al., 2005). The U.S.
economic variables under consideration are the gghdn non-farm payrolls (NFP), consumer
confidence index (CCI), consumer price index (CHEbrable goods orders (DGO), FOMC rate
decision (FOMC), gross domestic product (GDP)jahjbbless claims (1JC), leading indicators (LI),
new home sales (NHS), producer price index (PRijl #he retail sales less autos (RS). The
European news announcements include the ECB inteste (ECB), Euro-zone consumer
confidence index (EU-CCI), Euro-zone consumer pmoex (EU-CPI), Euro-zone gross domestic
product (EU-GDP), Euro-zone producer price inde-{#P1), Euro-zone retail sales (EU-RS), IFO
business climate (IFO), and the ZEW survey (ZEWhe various news announcement items are
briefly defined in Table 2.

Table 3 reports the source, timing, frequency,suoitmeasurement and total numiéy ¢f the news
announcements in our sample. We can see thaualFOMC announcement items are released
before 11:30am ET, i.e. before the closing timéhef European option markets. In addition, most
news announcement items are reported on a mon##is.b The only exceptions are the initial
jobless claims announcement that is released evee¥, as well as the FOMC rate decision and the

ECB interest rate announcements (eight and elewess {per annum, respectively).

° In general, the Bloomberg survey forecasts haven ieend to be rational (see Switzer and Noel, 200$)milar
findings have also been documented for the Moneyk®taServices International (MMS) survey foreca@se e.g.,
Cambell and Sharpe, 2009). MMS survey forecaste haen used frequently in previous studies (sge Beber and
Brandt, 2006). However, we use the Bloomberg fastx; since MMS forecasts are not available foo&ane news
announcements.

7



3 Implied volatility spillovers
3.1 Do implied volatility spillovers exist? A preiminary analysis
We begin our analysis by investigating whether iggplolatility is transmitted across markets. So,

hypothesidHla is formulated as:
H1la: Implied volatility does not spillover across markets.

We test hypothesidla by considering a VAR(1) model, i.e.
AV, =C+OQAIV_ +¢, (@D)

where AV, =1V, =1V, is the (6x1) vector of changes in the implied tititg indices between-1

andt, C is a (6x1) vector of constantg) is a (6x6) matrix of coefficients withy; being the
coefficient of tha-th lagged implied volatility index when theh implied volatility index serves as
the dependent variable dndj take the value 1 for VIX, 2 for VDAX, 3 for VCAGC! for VAEX, 5
for VBEL, 6 for VSMI), ande; is a (6x1) vector of residuals. Thela translates into a hypothesis
for the off-diagonal elements df being equal to zero. Previous studies have atgdayed a VAR
modeling framework to investigate the presencemgilied volatility spillovers (see e.g., Gemmill
and Kamiyama, 2000, Skiadopoulos, 2004, Konstathtetial., 2008).

Table 4 shows the coefficient estimatestatistics in parentheses, adjusdand Wald test
statistic forHo: ¢;; = 0 wheni# and for the VAR(1) model. One and two asteris&sale rejection
of the null hypothesis of a zero coefficient(s)tla 5% and 1% level, respectively. Closing prices
for all indices are used as a preliminary checktli@r existence of volatility spillovers. We care se
that the non-diagonal coefficients &f are found to be jointly significant. Henddla is rejected
and therefore, implied volatility is transmittedrags markets. More specifically, implied volatilit
is transmitted from U.S. to Europe, since the laggkanges in the VIX index have a significant
impact on all European volatility indices. In aiith, implied volatility spillovers from Europe to
the U.S., since VIX is affected by the lagged clesnim all but VBEL European implied volatility
indices. Finally, there are some spillover effegithin the European region, as for instance lagged
changes in VDAX have a significant impact on a# tither European indices.

Motivated by the above findings, we investigate tnekether the dynamics of each one of
the European implied volatility indices are driygnthe U.S. volatility once we explicitly contradf
the volatility of the Euro-zone (U.S. and regiofairopean effect, respectively). The establishment

of such a relationship shall be termeadb. effect. To this endH1a is appropriately modified as:
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H1b: There is no U.S. effect for the individual European indices once we control for the regional
European effect.

To examine the significance of the U.S. and theopean effect, two alternative single-equation
specifications are considered. First, we tdéb by estimating the following specification (PC

model):

AN, =G +FAIV,  +a VX, + B PG+, )
wherei = 1 (for VDAX), 2 (for VCAC), 3 (for VAEX), 4 (forVBEL), 5 (for VSMI), and PCZl'iLfl is
the lagged first principal component (PC) extradiedn applying Principal Components Analysis
(PCA) to the set of the European implied volatilitdices where theth European implied volatility
index is excluded from this set. The lagged VIXamts for the spillovers stemming from U.S. to
thei-th European implied volatility index and captuties U.S. effect. On the other hand, ﬂH@fﬁl

takes into account the presence of spillovers siagiinom the European region and captures the
regional European effect. This implies that th# hypothesis to be tested klb: o, =0 fori = 1,
2,...,5.

Second, we tedtilb again by estimating the following alternative gfieation (VSTOXX

model):

AI\/i,t :Ci +¢iAI\/i,t—l+a,i AVI)(t—l-'-llgl AVS-I—O)<>(t—l+£it (3)
whereVIX;.; captures the U.S. effect, whNMSTOXX,; (instead ofPC,'iL_’l) captures now the regional

European effect; VSTOXX is often regarded as afparopean index. Hence, the null hypothesis to
be tested isllb: o, =0 fori =1, 2, ..., 5.

Table 5 shows the coefficient estimatéstatistics in parentheses and adjusEdfor
equations (2) and (3) [Panel A and B, respectively]the case of the PC model (Table 5, Panel A),
we can see that there is a systematic U.S. effedlf European implied volatility indices once we
control for the regional European effect and hardtb can be rejected. Only in the case of VSMI
both the U.S. and European effects are signific&mmilar results are also obtained in the cagbef
VSTOXX model (Table 5, Panel B). These findingggest that the U.S. effect dominates for all
individual European implied volatility indices, i.the dynamics of the volatility of every European
index are dictated only by these of the U.S. viitgtithe volatility of the Euro-zone does not affe

them.



3.2  Theissue of non-synchronous measurement ofptied volatility indices

All models specification in Section 3.2 are estiasby considering closing prices for both the VIX
index and the European implied volatility indices. non-synchronicity issue arises though since
changes in VIX are measured at 4:15pm ET ontdayd contain more information than the changes
in the European volatility indices that are meadwae11:30am ET on da&y Hence, we investigate
next whether the previously reported finding ofanihant U.S. effect for all individual European
volatility indices is robust or whether it is abwited solely to the non-synchronous measurement of
implied volatility indices.

To this end, the timing difference between the sneament of U.S. and European implied
volatility indices is minimized. More specificallyve consider opening prices for VIX (i.e. prices
measured at 9:30pm ET on ddyand closing prices for all the European ones fitiees measured
at 11:30pm ET on dat see also Albuquerque and Vega, 2009, for a girapg@roach). Table 6
shows the coefficient estimatesstatistics in parentheses and adjudétbr equations(2) and (3)
[Panel A and B, respectively] in the case wherenoygeprices for the VIX index and closing prices
for the European indices are used. In the caslkeeoPC model (Table 6, Panel A), we can see that

there is no systematic U.S. effect for all Europeaplied volatility indices once we control for the
regional European effect. On the other hand, thefean effect (i.ePC,EE’Q is significant for all

but one European implied volatility indices. Angdois results are also obtained in the case of the
VSTOXX model (Table 6, Panel B). These findings & contrast with the results documented in
the case were closing prices are used for all edpliolatility indices and highlights the necessity
use synchronous prices for both the U.S. and tliegean implied volatility indices. Hence, in the
remaining of the paper we will perform the analysyausing the 11:30am ET intra-day data for VIX

and the synchronously measured closing priceh®European indices.

3.3 Implied volatility spillovers revisited
Next, we revisit hypothesé$la andH1b by using thesynchronous prices for the VIX index and the
European implied volatility indices measured at3Dadm ET. To this end, we re-estimate
specifications (1), (2) and (3) by using the irdiea VIX prices collected at 11:30am ET.

Table 7 shows the results for the VAR(1) modelpgpn (1), Panel A], PC model [equation

(2), Panel B] and VSTOXX model [equation (3), Pa@gl Regarding the VAR(1) model (Table 7,
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Panel A), we can see that the non-diagonal coeffisi of @ are jointly significant and hence,
implied volatility is transmitted across market$n particular, the lagged VIX index affects all
European implied volatility indices suggesting timaplied volatility spills over from the U.S. to
Europe. Implied volatility is also transmitted rinoEurope to the U.S., since all but one European
implied volatility indices have a significant eftean the VIX index. Furthermore, implied volatit
spillovers also exist within the European regios,far example VDAX and VBEL affect all the
European indices significantly. Moreover, for masplied volatility indices, the coefficients of
their own lagged terms are significant and negasuggesting that implied volatility index changes
are autocorrelated and mean reverting. Thesenfysdare in line with Melvin and Melvin (2003)
who document the presence of “meteor showers”\(okatility spillovers across markets) and “heat
waves” (i.e. autocorrelation in volatility).

In the case of the PC model (Table 7, Panel B)thad/STOXX model (Table 7, Panel C),
we can see that the lagged changes in VIX affddE@opean implied volatility indices once we
control for the regional European effect. Theelats found to be insignificant in most cases. sThi
suggests that both model specifications rejectHlie and that the U.S. effect dominates for all
individual European implied volatility indices. rflly, this asymmetric implied spillover effectirs
line with the findings of Hamao et al. (1989) whaocdment that the U.S. conditional volatility is

transmitted to other markets but the reverse dotbaid.

4 The effect of news announcements on implied voilitly dynamics

4.1 News announcement surprises

To investigate the effect of news announcementdngslied volatility spillovers, we construct
measures of surprises (i.e. unexpected shocksgws rannouncements. Specifically, we use the
absolute value of the standardized surprise elerS8gnof a release of itemat timet. This measure
has been commonly used in the literature (seeBalduzzi et al., 2001, Brenner et al., 2009, Jiang
et al., 2010, and the references therein) andfisetkas follows:

A,t B Fi,t

0;

S, = (4)

where A | (Fi't) is the announced value (Bloomberg forecast) fei-th economic variable befote
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and g; is the standard deviation of the unexpected compiofi.e. A, —F ) of the announcements

for thei-th economic variable for the whole sample peridtie standardization helps comparing the
effect of different announcements that differ i tinits of measurement. Note that the surprise
variable takes into account the timing as wellesdontent of the respective relede.

The fact that the absolute value §f, is considered assumes implicitly that only the
magnitude and not the sign of the surprise matterEhis is in line with Christiansen and Ranaldo
(2007) who argue that large positive and negativprsses should affect volatility identically, senc
a larger surprise implies greater uncertainty. th@rmore, taking the absolute value of equation (4)
accommodates the construction of an aggregateiseinpreasure of all news announcements under
consideration. This is because our sample inclddésent news types (e.g., real economic activity
releases, inflationary releases etc.) and henoe,cannot aggregate their unexpected component
without taking its absolute value. The construttiof an aggregate surprise measure is also
facilitated by the fact that the unexpected compbié news announcements has been standardized
[see equation (4)]. This is because the standatrdiz of the surprise element eliminates the wfits

measurement and hence, allows aggregating the ac&xpcomponent across news announcement
items. Thus, the aggregate surprise compo@htof all U.S. and European news announcement

that occurs betwednl andt is defined as:
S| =|s"|+s"] (5)
where ‘S’S‘:i‘aﬂs‘ (‘SEU‘zi‘SE?‘] is the aggregate U.S. (European) absolute surprise
i=1 j=1

component of the announcements &l of the U.S. (European) economic variables thatuncc
between-1 andt.

4.2 The effect of aggregate news releases on implied volatility dynamics
In this section, we examine the effectagigregate releases on the dynamics of implied volatility.

Aggregate releases have been used in the pasttirex the impact of news announcements on

9 There is a series of papers that has considergdtiom timing of the releases (see e.g., Ederingtod Lee, 1996,
Donders and Vorst, 1996, Fornari and Mele, 200kkiNen and Sahstrdm, 2004, Chen and Clements, 2007)
1 Beber and Brandt (2009) consider positive and tigaurprises separately and interpret these @sibd good news,
respectively. This interpretation is valid in thease since they consider only inflationary anmeuments within a single
country setting. However, such an exercise ispustsible in our case since different news annouroértypes are
considered within a multi-country setting.
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volatility only within a single-country setting @eNofsinger and Prucyk, 2003, and de Goeij and
Marquering, 2006). Hence, we formulate the follogvhypothesis to examine the aggregate surprise
effect on implied volatility spillovers:

H2: Implied volatility spillovers do not exist once we account for the surprise effect of aggregate
releases.

We testH2 by augmenting a VAR(1) model with the aggregatpsse variable:

AlV, =C+DAIV_, + Al§| +¢ (6)
where AlIV, =1V, -1V, is a (6x1) vector of changes in the implied vdilgtiindices between

11:30am ET on day1 and 11:30am ET on dayC is a (6x1) vector of constant®, is a (6x6)
matrix of coefficientsA is a (6x1) vector of coefficient$s | is the aggregate surprise component of

the announcements fany economic variable that occur between 11:30am ETdayt-1 and
11:30am ET on day, ande; is a (6x1) vector of residuals. Note that tes#fjis equivalent to
testing whether the off-diagonal elementgbadire statistically insignificant.

Equation (6) can be viewed as an encompassingssgre In the case where the mathix
turns out to be statistically insignificant and tig-diagonal elements ab significant, this would
favor a volatility contagion story (see e.g., Kiagd Wadhwani, 1990), i.e. news announcements do
not account for the observed volatility spillovei®n the other hand, if the elementsAaiurn out to
be statistically significant and the off-diagon&ments of® statistically insignificant, then news
announcements are the sole drivers of volatilignges since they subsume all information available
in volatility spillovers. Finally, in the case wieebothA and the off-diagonal elements éfturn out
to be statistically significant, this would sugg#ésit news announcements would account only for a
part of the documented volatility spillovers.

Table 8 shows the results for the VAR(1) modet dilows for the vector of constants to be
affected by the aggregate surprise variabl®, [equation (6)]. The coefficient estimatestatistics,
Wald test statistic for testing th: ¢; = 0 wheni#j and adjusted® are reported. We can see that
aggregate releases have a significant effect ordynamics of most European implied volatility
indices but VDAX and VCAC. On the other hand, tthgnamics of VIX are not affected by
aggregate news announcements. In addition, thiiaeets of the aggregate surprise variable are

negative in all cases. This finding supports #solution of uncertainty hypothesis of Ederington
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and Lee (1996) according to which the occurrencea ddcheduled announcement reduces the
information uncertainty of market participants. eTiteduction in implied volatility on the scheduled
announcement days is also in line with the findirmsthe literature on the effect of news
announcements on implied volatility (see e.g., IPated Wolfson, 1979, Donders and Vorst, 1996,
Ederington and Lee, 1996, Fornari and Mele, 200in KEnd Kim, 2003, Fornari, 2004, Steeley,
2004, Beber and Brandt, 2006) and implied volatilidices within a single-country setting (see e.g.
Chen and Clements, 2007). On the other hand,iit @ntrast with the findings on the reaction of
volatility measures other than implied volatility hews releases (see e.g., Jones et al., 1998, who
document that the conditional volatility in bond nkets increases on the announcement day).
Furthermore, we can see that implied volatilityllegers remain significant despite the fact that we
take into account economic fundamentals as measyrade release of macroeconomic news. In
particular, there is evidence of “meteor showersl &heat waves”; this is analogous to the resdlts o

Melvin and Melvin (2003). The findings imply theggence of volatility contagion across countries.

4.3 The effect of regional news releases on implied volatility dynamics
Next, we focus on the respective effects of Europsad U.S. announcements. In particular, we
examine whether implied volatility spillovers remaignificant after the effect oégional aggregate

announcements is taken into account. Thus, thewmlg hypothesis is formulated:

H3: Implied volatility spillovers do not exist once we account for the surprise effect of the U.S and

European releases.

We testH3 by considering a VAR(1) model that allows for thextor of constants to be affected by

regional aggregate surprise variables:
AIV, =C+@AIV, , + A|S”|+B|S™| +¢, )
whereA andB are (6x1) vectors of coefficientsS' | is the aggregate surprise component of the

announcements fany economic variables of regian(r = 1, 2 for U.S. and Europe, respectively)
that occur between 11:30am ET on ddly and 11:30am ET on ddy ande; is a (6x1) vector of
residuals. Equation (7) is estimated by usingSb&® methodology. Note th&t3 is translated into
a test of the statistical insignificance of the-digigonal elements @b.

Table 9 shows the results for the VAR(1) model @dkdws for the vector of constants to be

affected by the regional surprise variablld8,[equation (7)]. Results are similar to these iabtain
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the case where aggregate news were considergartinular, three remarks are in order. First, we
can see that only the European news announceniéets the dynamics of the VIX index and all
but the VDAX European implied volatility indices. This suggests that European news
announcements have an impact within the Europegarrebut also cross over the Atlantic. On the
other hand, the U.S. surprise element is insigmifidor all implied volatility indices. The fadbat
only the European news announcements have a smmifieffect on the dynamics of implied
volatility contradicts the findings of Nikkinen ar@hhstrom (2004) who find that only the U.S. news
announcements affect the VDAX and a Finish imphedatility index within a single-country
setting. This discrepancy in results might be aix@d by the fact that the latter study considetg o
the timing and not the content of news announcesne@econd, we can see that regional news
announcements have a negative effect on implieakilitt which is consistent with the resolution of
uncertainty hypothesis of Ederington and Lee (19%@pally, implied volatility spillovers continue
driving the dynamics of implied volatilities whehet effect of news announcements is taken into

account. This suggests thé is rejected and hence, volatility contagion efestist.

4.4 The effect of individual news releases on implied volatility dynamics

So far, we have investigated whether implied vitatspillovers drive the dynamics of implied
volatilities after taking into account the surprisiéect of aggregate releases, as well as thatef t
regional ones. Next, we turn our attention to éfffect of individual news announcements on the
presence of implied volatility spillovers as a @rivof volatility dynamics. Thus, we test the
following hypothesis:

H4: Implied volatility spillovers do not exist once we account for the surprise effect of the individual
releases.

To test this hypothesis, the impact of schedulegsrennouncements on each one of the six implied
volatility indices is incorporated in the VAR modelGiven that any news surprise may have an
asymmetric effect on implied volatility dynamicspaading on its sign, we also employ a dummy
sign variable (see e.g., Beber and Brandt, 2006a fmimilar approach). This will help in studying
further the resolution of the uncertainty findingcdmented in the previous sections (e.g., a pesitiv
surprise in GDP is expected to decrease uncertainifg a negative one to increase it). Note that i
the specifications used in the previous sectiobsplate surprises had to be used in order to enable

the construction of aggregate variables. In aoldjtin these cases a dummy sign variable could not
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be defined because we aggregate across differesst a@nouncement items. In particular, we k&bt

by estimating the following specification using tBegR methodology:

AIV, =C+DAIV,, +[ (A +BD}°) S [+..+(A,+B,DS) 1S5 |

8
+(L+zZD) ISy |+ (T + 2 DY) IST 1]+ ©

where A, B, I',, and Z, are (6x1) vectors of coefficients £ 1 for NFP, 2 for CCI, ..., 11 for RS

andj = 1 for ECB, 2 for EU-CCI,..., 8 for ZEW, the ordegi of the news items corresponds to this

shown in Table 2),| S’° (| S].‘fU |) is the absolute surprise component ofittieindividual U.S. j-

th individual European) announcement item that mxdaetween 11:30am ET on d#éyl and

11:30am ET on day, D;® (Dj‘f“) is a sign dummy variable for theth individual U.S. j-th

individual European) announcement item tia&es the value 1 when tt&° <0 (S}f“ < 0) and zero

otherwiseande; is a (6x1) vector of residuals.
TestingH4 is analogous to testing the hypothesis that tleliafonal elements of are

equal to zero. In addition, in the case where Bpi{T';) and B, (Z;) turn out to be significant, this

would mean that the announcements ofittie U.S. {-th European) release item have a significant

asymmetric effect on implied volatility, i.e. th#fext of positive and negative surprises on implied

volatility is different. Furthermore, in the casere only B, (Z;) turns out to be significant then

only the negative surprises of theéh U.S. (-th European) news announcement item have a

systematic effect on implied volatility. On thénet hand, if onlyA (T;) is found to be significant

then thei-th U.S. {-th European) release item has a symmetric impadimplied volatility, i.e.
positive and negative surprises affect volatilitthe same way.

Table 10 shows the results for the VAR(1) modelnaeigted by the surprise variables for the
individual news announcement itemd4] equation (8)]. We can see that the vast majafty
individual news announcement items does not affieetdynamics of implied volatility indices.
Regarding the asymmetric effect, only two U.S. and European release items (leading indicators,
retail sales less autos and IFO business climate hn asymmetric effect on volatility; in this eas
only the negative surprises affect volatility dynesn These findings are analogous to those of
Connolly and Wang (1998) who report that news anoements show up less evidently when they

are considered at an individual rather than a redidevel. Finally, we can see that volatility
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contagion is present, since implied volatility &piers are preserved even after we take into a¢coun
the effect of individual news announcement iterfius is in line with the findings documented in

the case of aggregate and regional releases.

5 The surprise effect of news announcements on tlmagnitude of implied

volatility spillovers
The results reported in the previous sections deatnthat implied volatility spillovers are
significant even after we control for the effectredws announcements. Motivated by this finding,
we investigate directly whether macroeconomic sdeaaffect the transmission of volatility across
markets. More specifically, we examine the impafchews announcements on the magnitude of
implied volatility spillovers:? To this end, we explore the surprise effect afragate and regional

releases, separately.

5.1 The effect of aggregate news releases on the magnitude of implied volatility spillovers
First, we examine whether the magnitude of impliedlatility spillovers is the same on
announcement and non-announcement dates whenntentofaggregate news announcements is

considered. Thus, we test the following hypothesis

H5: Aggregate news announcement surprises do not have any effect on the magnitude of implied

volatility spillovers.

To test this hypothesis, we allow the matrix of ttwefficients of the lagged implied volatility
indices to be affected by the aggregate surprisgpoaent of news announcements within a VAR
modeling framework. Hence, we estimate the foltayispecification by using the SUR
methodology:

AV, =C+(A+B|§ AV, +¢ 9)
whereC is a (6x1) vector of constant, and B are (6x6) matrices of coefficient$s | is the

aggregate surprise component of the announcemanésyf economic variable that occur between

2 The magnitude of implied volatility spillovers matso depend on other variables that measure theeeleof
integration of the countries under consideratidhe external trade would have been a natural choicse as a control
variable (see e.g., Dornbusch et al., 2000). Weatoinvestigate this because trade data are retable at a daily
frequency.
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11:30am ET on day-1 and 11:30pm ET on day ande is a (6x1) vector of residuals. This
hypothesis translates into testing the elemenBlmding equal to zero. Note that in the case were
is found to be significant anB insignificant, this would suggest that news anmenments do not
have an impact on the magnitude of volatility spiérs. On the other hand,Bfalso turns out to be
significant, then the magnitude of implied volailspillovers differs between announcement and
non-announcement days. Note that the magnitudenpfied volatility spillovers increases on
announcement days in the case where BahdB are significant and have the same sign.

Table 11 shows the results for the surprise effé@ggregate releases on the magnitude of
implied volatility spillovers H5, equation (9)]. We can see that the aggregaeaset affect the
magnitude of the autoregressive coefficients inimdlices but the Dutch and Belgian one. In
addition, we can see that news announcements hsigaificant effect on the magnitude of implied
volatility spillovers in most of the cases. In fp@arlar, news releases affect the magnitude of
volatility spillovers between the European coumstrie They also affect the magnitude of the
transmission of implied volatility stemming from stoEuropean implied volatility indices to the
U.S. (i.e. VIX). Interestingly, aggregate news @mmcements increase significantly the magnitude
of implied volatility spillovers in most cases. @re other hand, aggregate releases do not afffect t
magnitude of the transmission of implied volatilggemming from the U.S. (i.e. VIX) to most

European indices.

5.2 The effect of regional news releases on the magnitude of implied volatility spillovers
Next, we distinguish between releases of U.S. amebfean economic variables and investigate
whether the magnitude of implied volatility spilkns is the same between announcement and non-

announcement days when the surprise componesgiahal news announcements is considered:

H6: The U.S and European announcement surprises do not have any effect on the magnitude of
implied volatility spillovers.

We testH6 by allowing the matrix of the coefficients of thatoregressive terms to be affected by
the regional aggregate surprise component of new®umcements within a VAR setting. In

particular, we estimate the following specificatimnusing the SUR methodology:

AV, =, +AIV, =C+(A+B|S® [+T'|SV ) AIV,, +¢ (10)
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whereC is a (6x1) vector of constants, B and/" are (6x6) matrices of coefficientsS' | is the

aggregate surprise component of the announcenmrdasyf economic variables of regionr = 1, 2

for U.S. and Europe, respectively) that occur betw#l:30am ET on dayl and 11:30am ET on
dayt, ande; is a (6x1) vector of residuals. This hypothesaslates into a test for the element8 of
and/" being zero. In the case whekas found to be significant whilB and/" are not, this would
suggest that news announcements do not affect dgmitade of volatility spillovers. On the other
hand, ifB () also turns out to be significant then this woslgjgest that the magnitude of implied
volatility spillovers differs between announcemanti non-announcement days of U.S. (European)
releases. Note that the magnitude of implied uilaspillovers increases on announcement days of
U.S. (European) news items in the case where AathdB (A and/’) turn out to be significant and
have the same sign.

Table 12 shows the results for the surprise eféécegional releases on the magnitude of
implied volatility spillovers H6, equation (10)]. We can see that the magnitudemplied volatility
spillovers is affected by the regional news anneaments. Three remarks are in order. First, in the
case where we examine the magnitude of impliedtNibfespillovers stemming from U.S. (i.e. VIX)
to the European indices, we can see that this fesctefl by both U.S. and European news
announcements in most cases. Notice that U.Sasedeincrease the size of the transmissionXi.e.
andB have the same sign), while European releasesasecie(i.e.A and/" have opposite signs).
This opposite effect of news announcements expltiiasfact that aggregate releases have been
found not to affect the magnitude of the spillovetsmming from VIX to the European markets.
Second, in the case where we examine the sizepliedhvolatility transmission from the European
indices to VIX, we can see that that this is affidciostly by the European news announcements.
Interestingly, the magnitude of the transmissiorvahtility stemming from VDAX is affected by
U.S. and European news announcements in all cadeases decrease the size of spillovers to VIX
and increase it for the remaining European implieldtility indices. Finally, U.S. and EU releases

affect the magnitude of spillovers within the Eugap region, in most cases.

6 Further analysis

6.1 Implied volatility spilloversduring the financial crisis
During periods of crises, stock market volatiligshbeen found to increase (see e.g., Schwert, 1989)

19



and volatility spillovers have been found to be en@ronounced (Diebold and Yilmaz, 2009).
Hence, investigating the role of news announcemamtisig the recent financial crisis period is of
particular importance. To this end, we examine tivaethe effect of news announcements on
volatility spillovers reported in the previous sent are robust over the recent financial crisisoge

In line with Gorton (2009), we consider August 2G@¥the beginning of the recent financial crisis.
Hence, the sample to be analyzed spans the peowndAugust 1, 2007 to December 31, 2010.

Table 13shows the results for the effect of aggregate [Boua6), Panel A], regional
[equation (7), Panel B] and individual [equatiof, anel C] news announcements on the dynamics
of implied volatility spillovers. We can see thhe results are similar to the ones obtained frioen t
previous analysis over the whole sample period ZIID in all cases. More specifically, volatility
spillovers are found to be significant, even afteg effect of news announcements is taken into
account. Furthermore, aggregate releases affectlyhamics of only some European volatility
indices while they do not affect these of VIX. d&ddition, European regional releases exert a
significant effect on the volatility dynamics. his not the case for the individual news
announcement items, which do not affect the implieltility indices in most cases. Interestingly,
the adjusted®? increases over the crisis period in all cases¢hvhiiggests that volatility contagion is
more pronounced over the crisis period.

Table 14 shows the results for the effect of agaie [equation (9), Panel A] and regional
[equation (10), Panel B] news announcements omgngnitude of implied volatility spillovers. We
can see that most of the results are similar teghreported over the whole sample period with only
one exception. More specifically, U.S. and Europaaws announcements continue to affect the
magnitude of spillovers stemming from VDAX to athplied volatility indices. However, regional
news announcements increase the size of the sgilktlemming from VDAX to VIX over the crisis

period.

6.2  Contagion during the financial crisis: An alternative test

Given the evidence on contagion reported in theipus sections, we perform an alternative test of
contagion over the recent financial crisis by usthg methodology of Bae et al. (2003). In
particular, we explore whether aggregate and refjioews announcements over the recent financial
crisis period explain (a) the occurrence of extrgrositive changes in the VIX index, (b) tfent

occurrence of extreme positive changes in the fsSEumpean implied volatility indices and (c) the
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joint occurrence of extreme positive changes in thefsall volatility indices. To this end, in line
with Bae et al. (2003), we consider a multinommgistic regression model for the conditional
probability of joint occurrence of largmsitive changes in implied volatility. Following Bae dt a
(2003), large positive changes or ‘exceedancesmiplied volatility are defined as those that lie
above the 95th percentage point of the empiricaigmal distribution of each implied volatility
index over the period of the crisis. Let a randeamable Y that counts the number of (co)-
exceedances and takes the valughen there are large positive changes (i.e. excess) ini
implied volatility indices jointly on day. We define this variable for the U.S. and Europ@aplied
volatility indices, separately, as well as for #ie implied volatility indices jointly. Then, the

multinomial logistic regression model is given by following equation:

(11)

whereY = 0, 1, 2, .k is the (co)-exceedance variable defined for eithe U.S., European or all
implied volatility indices kK = 1 for the U.S., 3 for the European and 3 forimlplied volatility

P(Y =i|x)

—————=c+fx is the logit function in the case bto-exceedances with
P(Y =0|x)

indices), g, (x) =In

go(x) =0, B is a vector of coefficients andis a vector of covariates (i.e. explanatory vdesap

We consider two different sets of covariates. sti-ithe lagged U.S. exceedances, lagged
European co-exceedances, and surprise elementgoégae news announcements are used as

covariates, i.e.
g, (x)=I[P(Y, =i|x)/P(% =0]x)]=c +B.XZ+ BXT +B,lS | (12)
where Y%7 (Yt_f) is the lagged U.S. (European) co-exceedance VariaBecond, the lagged U.S.

exceedances, lagged European co-exceedances, amisesuelement of regional news

announcements serve as covariates:
o (x) =In[P(Y, =ilx)/P(% =0[x)]=c + AXE + AXT +.IS° [+4,1S% | (13)
In both cases, if the coefficients of the laggem){exceedances turn out to be significant [g.and

B., in equations (12) and (13)], then this suggesdsttirere are spillovers in the (co)-exceedances in

the sense that lagged (co)-exceedances affectratbalplity of extreme movements. At the same
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time, if the coefficients of the news announcemeartables are insignificant [i.ef,, in equation

(12), and g, and g, in equation (13)], then this suggests that funddeaie do not explain (co)-

exceedances and there is room to consider contagioan alternative explanation for volatility
spillovers. We estimate the multinomial logistiegression model by maximum likelihood

estimation. The log-likelihood is given by:
n k
InL:ZZIﬂP(Yt:th) (14)

wheren is the number of observations ahg is an indicator variable that takes the value Envh

there are co-exceedances on dagnd 0 otherwise.

Table 15 shows the estimated coefficients, pseRfdand likelihood ratio test statistics
(LRT) for the multinomial regression model where trobability of (a) exceedances for the U.S.,
(b) co-exceedances for the European and (c) coedaoees for all implied volatility indices is
considered separately as the dependent variabigrie& report results across the various levels of
(co)-exceedancesr in the case where aggregate (Panel A) and regigRahel B) news
announcements are considered as explanatory esialidne and two asterisks denote rejection of
the null hypothesis of a zero coefficient at the &6 1% level, respectively. In the case of the
LRTs, one and two crosses denote rejection of tiiehgpothesis that the coefficients of any given
covariate across the various levelsYoére jointly significant at the 5% and 1% levekpectively.

We can see that in the case whaggregate news announcements are used as explanatory \eiabl
(Table 15, Panel A), the LRTs show that releasesndb affect the probability of any (co)-
exceedance variable. However, the lagged (co)esheseces are significant and hence there are
spillovers of (co)-exceedances. These findinggesigthat there is contagion of volatility shocks
between European and U.S. volatility indices. regéngly, the statistically significant coefficisn

are positive; this implies that the conditional kpability of co-exceedances moves to the same
direction with each one of the covariates. Analggresults are also documented in the case where
regional news announcements are considered as covariabte (I5, Panel B); U.S. and European

news announcements are not significant in anywaseh supports further the contagion story.

7 Conclusions

We investigate for the first time the effect of edhled U.S. and European news announcements to
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the international transmission of market volatilitfo this end, we employ an extensive dataset of
major European and U.S. implied volatility indicaésd various news announcements items. We
eliminate the issue of non-synchronous measureofahe implied volatility indices by using intra-
day prices for the VIX index measured at 11:30am d6Tas to match the closing time of the
European option markets. Furthermore, we examatle the timing and content of the respective
releases within a VAR setting by employing newspeges. First, we explore whether volatility
spillovers exist. Next, we address the questioathdr implied volatility spillovers continue to sho

up once we take into account the effect of aggeggagional, and individual releases. Finally, we
investigate the impact of aggregate and regionalsrennouncements on the magnitude of implied
volatility spillovers.

Five are the main findings of our study. Firstthe case where no-news announcements are
considered, we find that there are implied volgtispillovers between and within regions. More
specifically, U.S. volatility is found to drive tHeuropean implied volatility indices. Second, lre t
case where news announcements are also incorpdratdte analysis, we find that aggregate
releases drive the dynamics of most European ichplatility indices while they do not affect
those of VIX. In the case where the effect of oegl announcements is considered, we find that
only the European regional releases affect the rdigsa of U.S. and European volatilities.
Furthermore, most individual news announcementdtdm not contain additional information over
the documented implied volatility spillovers. Tdiimplied volatility drops in the cases where the
aggregate and regional releases have a significgsict. Fourth, regarding the effect of aggregate
and regional news announcements on the magnituaeptied volatility spillovers, we find that this
is significant. Interestingly though, aggregatkeases do not affect the size of the transmission
stemming from the U.S. to the European implied Makaindices. This is because regional U.S. and
European news announcements have an opposite effettte magnitude of volatility spillovers.
Finally, our findings are robust over the 2007-2@i@@ncial crisis period.

The results have two main implications. First,atitity contagion is present since news
about economic fundamentals do not account entifetythe implied volatility interrelations.
Second, the greater the surprise element of sob@ddleases, the greater is the resolution of
uncertainty within an implied volatility spillovesetting. This is consistent with the findings loé t
previous literature on the effect of news annourer@sito implied volatility within a single-country
setting.
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VIX VDAX VCAC VAEX VBEL VSMI

Panel A: Summary statistics for the levels of themplied volatility indices

# Observations 1,891 1,914 1,923 1,925 1,926 1,897
Mean 20.71 23.03 22.14 23.23 19.17 19.19
Std. Deviation 10.68 9.52 9.23 10.66 8.88 8.95
Skewness 2.28 2.35 2.07 2.04 1.87 2.61
Kurtosis 9.50 10.88 9.27 8.30 7.75 12.41
Jarque-Bera 4968.9** 6716.0** 4524 .4** 3583.3** 2933.4** 9153.6**
pP1 0.956** 0.975** 0.969** 0.978** 0.975** 0.976**
ADF -1.09 -2.68 -4.20%* -2.75 -2.57 -2.51
Panel B: Summary statistics for the daily changesithe implied volatility indices
# Observations 1,823 1,887 1,897 1,901 1,903 1,856
Mean -0.03 -0.01 0.00 -0.01 0.00 -0.01
Std. Deviation 1.77 1.61 1.96 1.61 1.52 1.30
Skewness 1.16 1.81 0.91 0.93 0.16 0.37
Kurtosis 25.89 34.02 41.87 12.82 31.40 42.65
Jarque-Bera 40210.3** 76683.3** 119701.7** 7909.8** 63982.5** 121609.3**
pP1 -0.05* 0.06** -0.11** -0.05 -0.13** 0.16**
ADF -13.50** -16.85** -35.55** -28.53** -29.66** -21.69**

Table 1: Summary Statistics. Entries report the summary statistics for the dgsprices of each of the implied
volatility indices in the levels and the daily fidifferences. The first order autocorrelatjpnthe Jarque-Bera and the
Augmented Dickey Fuller (ADF, a trend and an inégtchave been included in the test equation) telsteg are also
reported. One and two asterisks denote rejectidheonull hypothesis at the 1% and 5% level, respely. The null
hypothesis for the first order autocorrelationgd@-Bera and the ADF tests is that the first oedgocorrelation is zero,
that the series is normally distributed and thatghries has a unit root, respectively. The sasyd@s the period from
Julyl, 2003 to December 31, 2010.
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Panel A: U.S. Economic Variables

Non-Farm Payroll (NFP) Change in the number of people employed over tle raonth, not including jot
relating to the farming industry.

Consumer Confidence Index (CCIl) Degree of optimism that consumers feel about trexallvstate of the economy and tt
personal financial situation. It is calculatedias average of responses to five questions:
current business conditions, expectations for lassirconditions in six monthsurren
employment conditions, expectations for employmeanditions in six monthsanc
expectations for the total family income in six o

Consumer Price Index (CPI) Change in prices of all goods and services purchdee consumption byurbar
households over the last month.

Durable Goods Orders (DGO) Measures the new orders placed with domestic maturéas for immediate and futt
delivery of factory hard goods.

FOMC rate announcement (FOMC) Federal funds target rate (annualized based &@® al&y)

Gross Domestic Product (GDP) Market value of all final goods and services madéaiwthe borders of the U.S.

Initial Jobless Claims (1JC) Number of people that filed for unemployment betsefiver the last week.

Leading Indicators (LI) A composite index of ten economic indicators threddd lead overall economic activity

New Home Sales (NHS) Number of newly constructed homes with a commitialé during the month

Producer Price Index (PPI) Average changes in prices received by Uh@®ducers of commodities in all stage:
processing.

Retail Sales Less Autos (RS) Total receipts at stores that sell durable and nide goods.

Panel B: European Economic Variables
ECB Rate Announcement (ECB)  ECB's decision to increase, decrease, or maintéénest rates
Euro-zone Consumer Confidence Arithmetic average of the balances of four questiothe financial situation

(EU-CCI) households, the general economic situation, unegympat expectations (with invert
sign) and savings, all computed over the next 18thw

Euro-zone CPI (EU-CPI) Euro-zone consumer price index. Euro-zone is tdeatea sepate entity by Euroste
The Euro-zone consists of 12 members as of Jariy&g01.

Euro-zone GDP (EU-GDP) Measure of the total value of goods and servicedyred by Euro-zone nations.

Euro-zone PPI (EU-PPI) Average changes in prices received jpducers of commodities in all stages

processing within the Euro-zone.

Euro-zone Retail Sales (EU-RS)  Monthly activity in volume of Retail Trade, excegtmotor vehicles and motorcycles.

IFO Business Climate (IFO-BC) A survey is conducted monthly, querying German $irontheir expectations for the ne
six months. Firms rate the future outlook as betieme, or worse.

ZEW Survey (ZEW) A survey is conducted monthly, querying about 3agtifutional investors and analysts
on their expectations of future economic growtiGiermany within the next 6 month4.
represents the difference between positive andtivegasponses in a survey of about.

Table 2: Definition of scheduled news announcemeritems. Entries provide a brief definition of the scheduled
announcements for the U.S. (Panel A) and the Earoffeéanel B) economic variables under consideration
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Source of Report Time of Release Frequency Units N
Panel A: U.S. Economic Variables
NFP Bureau of Labor Statistics 8:30am ET Monthly Thousands 90
CClI Conference Board 10:00am ET Monthly Base year 1985 90
CPI Bureau of Labor Statistics 8:30am ET Monthly Percentage (%) 90
DGO U.S. Census Bureau 8:30am ET Monthly Percentage (%) 90
) 1) Fed meets 0
FOMC Federal Reserve 2:15pm ET 8 times per year Percentage (%) 62
GDP Bureau of Economic Analysis 8:30am ET Monthly Percentage (%) 90
1JC Department of Labor 8:30am ET Weekly Thousands 392
LI Conference Board 10:00am ET Monthly Percentage (%) 90
NHS U.S. Census Bureau 10:00am ET Monthly Thousands 89
PPI Bureau of Labor Statistics 8:30am ET Monthly Percentage (%) 90
RS U.S. Census Bureau 8:30am ET Monthly Percentage (%) 90
Panel B: European Economic Variables
From 6:45am ECB meets 0
ECB European Central Bank to 8:45am ET 11 times per yeai Percentage (%) o1
EU-CCI European Commission From 4:00am Monthl Value
P to 11:00am ET y 97
From 5:00am 0
EU-CPI Eurostat to 6:00am ET Monthly Percentage (%) %
From 5:00am o
EU-GDP Eurostat t0 6:00am ET Monthly Percentage (%) %
From 4:00am o
EU-PPI Eurostat to 6:00am ET Monthly Percentage (%) %
From 5:00am o
EU-RS Eurostat t0 6:00am ET Monthly Percentage (%) %
. From 3:00am
IFO-BC IFO Institute t0 5:00am ET Monthly Base year 2000 %
Center for European From 5:00am
ZEW Economic Research to 6:00am ET Monthly Value 90

@ There are two exceptions: 1/22/2008 (8:30am E®)1018/2008 (7:00am ET).
@ There is one exception: 12/28/2001 (10:30pm ET).

Table 3: Summary of scheduled news announcementsEntries summarize the scheduled announcementhdor
U.S. (Panel A) and the European (Panel B) econeani@bles under consideration. The source, timireguency,
units of measurement and the total number (N) efrtbws announcements in our sample are reportbd. sdmple

spans the period from July 1, 2003 to DecembeRG10.
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AVIX AVDAX AVCAC, AVAEX AVBEL AVSMI

Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.
(t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.)
C -0.013 -0.029 -0.017 -0.032 0.006 -0.014
(-0.296) (-0.839) (-0.398) (-0.910) (0.171) (-0.508)
AVIX 1 -0.100** 0.390** 0.391** 0.320** 0.326** 0.225**
(-3.650) (17.220) (14.066) (13.952) (15.405) (12.824)
AVDAX 4 0.413** 0.097* 0.365** 0.292** 0.348** 0.411**
(7.621) (2.148) (6.622) (6.388) (8.301) (11.842)
AVCAC, -0.130** 0.018 -0.353** -0.085** -0.044 0.046*
(-3.952) (0.656) (-10.698) (-3.106) (-1.752) (2.210)
AVAEX ¢ -0.113* -0.309** -0.008 -0.435** -0.118** -0.355**
(-2.217) (-7.320) (-0.149) (-10.181) (-2.998) (-10.913)
AVBEL 4 0.068 0.098** -0.147** 0.058 -0.358** 0.195**
(1.640) (2.862) (-3.525) (1.670) (-11.258) (7.401)
AVSMI 4 -0.346** -0.111* -0.119* -0.009 -0.114** -0.208**
(-6.421) (-2.486) (-2.178) (-0.208) (-2.738) (-6.048)
Adj. R? 0.055 0.156 0.158 0.129 0.180 0.254

Ho: g =0 foriz 1175.82*

Table 4: Implied volatility spillovers across markds. Entries report results from the following VAR(1) ded:
AV, =C+QAIV +&, where AV, =1V, —IV_, is the (6x1) vector of changes in the implied ttity indices
betweert-1 andt, C is a (6x1) vector of constant®,is a (6x6) matrix of coefficients with;; being the coefficient of
thei-th lagged implied volatility index when theth implied volatility index serves as the depertderiable ( andj
take the value 1 for VIX, 2 for VDAX, 3 for VCAC, tbr VAEX, 5 for VBEL, 6 for VSMI) and is a (6x1) vector of
residuals. Closing prices for both the U.S. antbpean implied volatility indices are used. Thefficient estimates,
t-statistics in parentheses, adjus®dand Wald test statistic fd: @i = 0 wheni# are reported. One and two
asterisks denote rejection of the null hypothesis aero coefficient(s) at the 5% and 1% levelpessively. The
model is estimated for the period July 1, 2003 éz@&nber 31, 2010.
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AVDAX; AVCAC, AVAEX AVBEL AVSMI

Coeff. Coeff. Coeff. Coeff. Coeff.
(t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.)
Panel A: PC mode
C -0.027 -0.027 -0.03¢ 0.00( -0.017
(-0.934) (-0.783) (-1.197) (0.003) (-0.727)
AlV ¢4 0.016 -0.338** -0.389** -0.375** -0.167*
(0.109) (-4.185) (-3.443) (-4.473) (-2.356)
AVIX ¢4 0.366** 0.382** 0.312** 0.315** 0.188**
(6.199) (3.795) (7.909) (8.118) (4.212)
PC™, -0.163 0.110 0.170 0.099 0.229**
(-1.241) (0.879) (1.632) (1.289) (2.984)
Adj- R? 0.131 0.135 0.110 0.153 0.164
Panel B: VSTOXX mode
C -0.031 -0.021 -0.03¢ 0.001 -0.01¢
(-1.066) (-0.643) (-1.074) (0.053) (-0.674)
AlV 4 -0.105 -0.425** -0.413** -0.429** -0.123
(-0.741) (-6.281) (-3.890) (-5.240) (-1.288)
AVIX ¢4 0.351* 0.336** 0.306** 0.280** 0.191**
(6.462) (3.607) (6.386) (8.220) (4.987)
AVSTOXX 4 -0.026 0.254* 0.181 0.195* 0.183
(-0.182) (2.525) (1.487) (2.019) (1.453)
Adj- R? 0.124 0.161 0.118 0.181 0.158

Table 5: The U.S. effect versus the European effet implied volatility spillovers. Panel A: Entries report results
from the following regression model for each one ofie European implied volatility indices:

AV, =c + @AV, +a, AVIX_,+ B PCT +¢ wherei = 1 (for VDAX), 2 (for VCAC), 3 (for VAEX), 4 (for

VBEL), 5 (for VSMI) and PCIEL_Jl is the lagged first principal component extradiedn applying PCA to the set of
the European implied volatility indices where tht#h European implied volatility index is excludedr this set.
Panel B: Entries report results from the following regressimodel for each one of the European implied vihati
indices: AIV,, =¢ +@AIV,_, +a, AVIX_, + B AVSTOXX,_,+¢&, wherei = 1 (for VDAX), 2 (for VCAC), 3 (for
VAEX), 4 (for VBEL), 5 (for VSMI), 6 (for VSTOXX). Closing prices for both the U.S. and European iiedpl
volatility indices are used. The coefficient esites t-statistics in parentheses and adjustedre reported. One and

two asterisks denote rejection of the null hypothes a zero coefficient at the 5% and 1% levespestively. The
models are estimated for the period July 1, 2003e¢cember 31, 2010.
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AVDAX; AVCAC, AVAEX; AVBEL AVSMI,

Coeff. Coeff. Coeff, Coeff. Coeff.
(t-stat.) (t-stat.) (t-stat.) (t-dtat.) (t-stat.)
Panel A: PC mode

C -0.03: -0.03¢ -0.04z -0.007 -0.01¢
(-1.042) (-0.943) (-1.214) (-0.216) (-0.754)
AlV 4 0.055 -0.297** -0.257** -0.295** -0.185**
(0.479) (-3.270) (-2.701) (-4.054) (-2.737)

AVIX i1 0.007 -0.069 -0.017 -0.090 0.041
(0.112) (-1.055) (-0.302) (-1.630) (1.139)

PCE,, 0.014 0.327** 0.250* 0.271** 0.326**
(0.131) (3.598) (2.547) (3.495) (4.727)

Adj- R? 0.003 0.045 0.020 0.055 0.117

Panel B: VSTOXX mode

C -0.03¢ -0.027 -0.03¢ -0.00¢ -0.017
(-1.106) (-0.745) (-1.091) (-0.154) (-0.674)

AlV 4 -0.137 -0.379** -0.325** -0.332** -0.139
(-0.972) (-5.170) (-3.805) (-6.206) (-1.619)

AVIX i1 -0.005 -0.095 -0.012 -0.127 0.054
(-0.086) (-1.301) (-0.198) (-1.792) (1.035)

AVSTOXX 1 0.194 0.450%* 0.292** 0.359** 0.272*
(1.236) (5.346) (2.708) (4.012) (2.159)

Adj- R? 0.012 0.098 0.036 0.119 0.111

Table 6: Robustness of the U.S. effect versus thautepean effect in implied volatility spillovers to the non-
synchronous measurement of implied volatility indies. Panel A:Entries report results from the following
regression model for each one of the European adpli  volatility indices:

AV, =c +$AIV, _, +a,AVIX_,+ B PCE. +¢ ,wherei = 1 (for VDAX), 2 (for VCAC), 3 (for VAEX), 4 (for

VBEL), 5 (for VSMI) and PCIVEtlfl is the lagged first principal component extradiedn applying PCA to the set of

the European implied volatility indices where tht#h European implied volatility index is excludedr this set.
Panel B: Entries report results from the following regressimodel for each one of the European implied viithati
indices: AlV,, =¢ +@ AV, _, +a, AVIX _, + 5 AVSTOXX,_,+&, wherei = 1 (for VDAX), 2 (for VCAC), 3 (for
VAEX), 4 (for VBEL), 5 (for VSMI), 6 (for VSTOXX). Opening prices for the VIX index and closing psider the
European implied volatility indices are used. Toefficient estimated;statistics in parentheses and adjust@dre
reported. One and two asterisks denote rejectigheonull hypothesis of a zero coefficient at 8% and 1% level,
respectively. The models are estimated for thimgeluly 1, 2003 to December 31, 2010.
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AVIX AVDAX; AVCAC, AVAEX; AVBEL AVSMI

Coeff. Coeff. Coeff. Coeff, Coeff, Coeff.
(t-stat.) (t-stat.) (t-dtat.) (t-stat.) (t-stat.) (t-stat.)
PanelA: VAR(1) model
C -0.02: -0.031 -0.01¢ -0.03¢ 0.00¢ -0.01¢
(-0.546) (-0.869) (-0.441) (-0.943) (0.119) (-0.551)
AVIX ¢4 0.046 0.352* 0.443** 0.306** 0.421** 0.228**
(1.396) (12.064) (12.685) (10.479) (16.066) (10.332)
AVDAX 1 0.047 -0.074 0.136* 0.141* 0.124** 0.296**
(0.845) (-1.487) (2.277) (2.821) (2.772) (7.846)
AVCAC, -0.063* 0.052 -0.317* -0.057* -0.013 0.066**
(-2.026) (1.879) (-9.592) (-2.052) (-0.532) (3.154)
AVAEX 1 -0.146** -0.259** 0.014 -0.400** -0.117** -0.334**
(-2.990) (-5.970) (0.261) (-9.213) (-2.997) (-10.202)
AVBEL 1 0.333** 0.156** -0.088* 0.106** -0.307** 0.229**
(8.465) (4.449) (-2.092) (3.019) (-9.792) (8.652)
AVSMI 4 -0.335** -0.088 -0.082 0.012 -0.075 -0.191**
(-6.451) (-1.886) (-1.480) (0.262) (-1.801) (-5.458)
Adj- R? 0.067 0.092 0.143 0.092 0.189 0.234

Ho: @ij = O for i 1245.62**

PanelB: PC mode

C -0.02¢ -0.03: -0.02¢ -0.03¢ 0.00: -0.01¢
(-0.686) (-1.040) (-0.690) (-1.151) (0.080) (-0.666)
AV 4 - -0.149 -0.314** -0.386** -0.309** -0.188**
- (-1.244) (-4.940) (-4.160) (-5.583) (-2.909)
AVIX 4 0.022 0.316** 0.469** 0.317* 0.431** 0.209*
(0.185) (3.205) (5.052) (3.501) (5.273) (2.142)
PCfY, -0.086 -0.025 -0.010 0.133 -0.057 0.209**
(-1.061) (-0.216) (-0.101) (1.266) (-0.850) (2.759)
Adj-R? 0.005 0.065 0.141 0.086 0.184 0.159
PanelC: VSTOXX model
C -0.03( -0.03¢ -0.02: -0.03¢ 0.001 -0.01¢
(-0.837) (-1.088) (-0.651) (-1.061) (0.021) (-0.637)
AV 4 - -0.164 -0.384*+ -0.352** -0.383** -0.110
- (-1.125) (-6.266) (-4.325) (-6.926) (-1.170)
AVIX 4 0.073 0.314** 0.377* 0.298** 0.359** 0.214**
(0.665) (3.748) (4.045) (4.042) (5.289) (3.698)
AVSTOXX 1 -0.150 -0.016 0.134 0.089 0.064 0.127
(-1.453) (-0.128) (1.564) (1.135) (1.058) (1.288)
Adj-R? 0.011 0.062 0.141 0.081 0.176 0.143

Table 7: Implied volatility spillovers revisited. Entries report results from the following VAR(1) o [equation
(1), Panel A], the PC model [equation (2), PanebBjl the VSTOXX model [equation (3), Panel C]. &yonous
prices for both the U.S. and European implied vdhaindices measured at 11:30am ET are used. ddedficient
estimatest-statistics in parentheses, adjusRédand Wald test statistic fot: @ij = 0 wheni# are reported. One and
two asterisks denote rejection of the null hypathes$ a zero coefficient(s) at the 5% and 1% lexespectively. The
models are estimated for the period July 1, 2003dcember 31, 2010.
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AVIX AVDAX AVCAC, AVAEX AVBEL AVSMI
Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.
(t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.)
C 0.026 0.001 0.024 0.027 0.052 0.028
(0.531) (0.015) (0.469) (0.630) (1.326) (0.857)
AVIX ¢4 0.056 0.370* 0.466** 0.333* 0.422** 0.239**
(1.684) (12.738) (13.402) (11.648) (16.012) (10.860)
AVDAX 4 0.049 -0.072 0.138* 0.144** 0.125** 0.297**
(0.872) (-1.464) (2.347) (2.954) (2.799) (7.951)
AVCAC, -0.071* 0.038 -0.334** -0.077** -0.014 0.057**
(-2.260) (1.405) (-10.211) (-2.874) (-0.570) (2.731)
AVAEX 1 -0.152** -0.267** 0.005 -0.411** -0.121** -0.340**
(-3.135) (-6.213) (0.088) (-9.749) (-3.123) (-10.463)
AVBEL ., 0.337** 0.163** -0.078 0.117* -0.305** 0.234**
(8.606) (4.714) (-1.887) (3.453) (-9.733) (8.933)
AVSMI 4 -0.332** -0.088 -0.082 0.013 -0.071 -0.189**
(-6.413) (-1.915) (-1.495) (0.285) (-1.719) (-5.448)
IS -0.072 -0.051 -0.070 -0.095** -0.066* -0.065*
(-1.827) (-1.479) (-1.694) (-2.786) (-2.097) (-2.476)
Adj- R? 0.070 0.102 0.158 0.113 0.191 0.244
Ho: @i = O for i# 1252.01**

Table 8: Surprise effect of the aggregate releases implied volatility spillovers. Entries report results from a
VAR(1) model augmented by the aggregate surprisebe for all the news announcements under coredide

[equation (6)]. |S | is the aggregate surprise variable of all releag&guation (6) is estimated by the SUR method.

Synchronous prices for both the U.S. and Europegoied volatility indices measured at 11:30am E& ased. The
coefficient estimatest-statistics in parentheses, adjus®@dand Wald test statistic fdflo: @i = 0 for alli#j are
reported. One and two asterisks denote rejecfioimeonull hypothesis of a zero coefficient(s) e 6% and 1% level,

respectively. The model is estimated for the medioly 1, 2003 to December 31, 2010.
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AVIX AVDAX, AVCAC, AVAEX; AVBEL AVSMI,

Coeff. Coeff, Coeff. Coeff. Coeff. Coeff.
(t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.)
C 0.023 -0.001 0.019 0.024 0.048 0.027
(0.473) (-0.030) (0.357) (0.571) (1.211) (0.807)
AVIX 1 0.055 0.370** 0.464** 0.332** 0.421** 0.239**
(1.671) (12.736) (13.387) (11.643) (16.001) (10.852)
AVDAX 14 0.046 -0.074 0.135* 0.142** 0.122** 0.296**
(0.832) (-1.503) (2.286) (2.911) (2.737) (7.916)
AVCAC,, -0.071* 0.038 -0.334** -0.077** -0.014 0.056**
(-2.271) (1.394) (-10.236) (-2.888) (-0.576) (2.722)
AVAEX 1 -0.148** -0.263** 0.012 -0.408** -0.116** -0.337**
(-3.049) (-6.128) (0.229) (-9.649) (-2.978) (-10.374)
AVBEL ¢, 0.337** 0.163** -0.079 0.117** -0.306** 0.234**
(8.596) (4.704) (-1.920) (3.440) (-9.782) (8.924)
AVSMI 4 -0.333** -0.088 -0.083 0.013 -0.072 -0.189**
(-6.424) (-1.923) (-1.509) (0.278) (-1.734) (-5.457)
1S”S) -0.032 -0.020 0.005 -0.058 -0.008 -0.041
(-0.649) (-0.457) (0.090) (-1.349) (-0.188) (-1.223)
ISV -0.145* -0.112 -0.205** -0.164** -0.171* -0.111*
(-2.143) (-1.853) (-2.862) (-2.773) (-3.143) (-2.442)
Adj- R? 0.071 0.103 0.161 0.114 0.194 0.245

Ho: @ = O for i# 1253.52**
Table 9: Surprise effect of regional releases (i.eeleases of U.S. and European economic variablesparately)
on implied volatility spillovers. Entries report results from a VAR(1) model augrednby the aggregate abslute

surprise variable for the U.S. and European news@amcements, separately [equation (7[S’S |( |§EU D is the

regional aggregate surprise variable of the U.8rdfean) releases. Equation (7) is estimated &y8tHR method.
Synchronous prices for both the U.S. and Europesuied volatility indices measured at 11:30am E& ased. The
coefficient estimatest-statistics in parentheses, adjus®@dand Wald test statistic fdflo: @i = 0 for alli#j are
reported. One and two asterisks denote rejecfioimeonull hypothesis of a zero coefficient(s) e 6% and 1% level,
respectively. The model is estimated for the pkdialy 1, 2003 to December 31, 2010.
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AVIX AVDAX AVCAC; AVAEX; AVBEL, AVSMI

C 0.018 -0.010 0.028 0.024 0.040 0.022
AVIX 4 0.049 0.367* 0.464** 0.333** 0.409* 0.233*
AVDAX . 0.033 -0.091 0.101 0.131** 0.102* 0.275*
AVCAC -0.047 0.051 -0.328* -0.061* -0.001 0.064**
AVAEX 4 -0.146%* -0.254%* 0.021 -0.407* -0.105* -0.336*
AVBEL ., 0.344* 0.187** -0.072 0.127** -0.301* 0.243%
AVSMI 4 -0.354%* -0.119* -0.061 -0.010 -0.064 -0.176%*
| sus 0.014 -0.192 -0.239 -0.286 0.064 -0.183
| sus 0.116 0.174 0.323 0.325 -0.084 0.075
| sus -0.262 -0.297 0.248 -0.316 -0.122 -0.431*
| sus 0.172 -0.255 -0.397 -0.308 -0.222 -0.274
|ses | 0.325 -0.200 -0.054 -0.289 -0.105 0.014
|ses | -0.165 -0.175 -0.437 -0.319 -0.223 -0.233
| sus -0.019 -0.061 0.117 -0.036 0.032 0.055
| sus 0.281 -0.116 -0.336 -0.004 -0.624* -0.471%
IS | 0.115 0.117 0.136 0.048 0.090 0.056
| sus -0.033 0.080 -0.012 -0.017 0.111 0.120
| sus -0.292 -0.065 -0.038 -0.265 0.070 -0.078
ISV | -0.153 -0.019 0.124 -0.075 -0.253 0.009
ISV | -0.158 -0.081 -0.018 -0.126 -0.328 -0.097
IS | 0.654* 0.180 -0.180 0.106 -0.014 0.028
ISV | -0.225 -0.296 -0.012 -0.433 -0.312 -0.296
ISV | -0.234 -0.075 -0.212 -0.121 0.008 -0.203
ISV | -0.376 -0.576 -0.673 -0.681 -0.301 -0.412
ISEV | -0.175 -0.179 -0.104 -0.123 -0.047 -0.152
IS | 0.042 0.209 -0.519 0.194 0.169 -0.110

Table 10: Surprise effect of the absolute surpriselement of individual news announcement items on
implied volatility spillovers. Entries report results from a VAR(1) model augtedrby absolute surprise
variables and their interaction with a sign dumroy fhe individual news announcement items under
consideration. The sign dummy takes the value énvwthe surprise component of an individual relésse
negative and zero otherwise. Results are obtdigadsing the SUR method. Synchronous prices ftir bo
the U.S. and European implied volatility indicesasared at 11:30am ET are used. The coefficient
estimates, adjustel%l2 and Wald test statistics féty: ¢; = O for alli#j are reported. One and two asterisks
denote rejection of the null hypothesis of a zevefficient at the 5% and 1% level, respectivelyheT-
statistics are not reported due to space limitatioh are available from the authors upon requéte
model is estimated for the period July 1, 2003 ¢zd&mber 31, 2010.
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AVIX AVDAX AVCAC; AVAEX; AVBEL AVSMI

DUs | sUs 0.310 0.488 0.631 0.550 0.317 0.379
DUs | sUs 0.306 1.024% 0.278 0.095 0.190 0.197
DS | SUS | 0.641 1.025 -0.033 0.536 0.471 0.731%
DS | SU8 | 0.065 -0.014 0.267 0.104 0.264 0.047
DUs | sUS -1.162 -0.380 -0.519 -0.063 -0.354 -0.605
DUs | sUs -0.015 0.091 0.320 0.160 0.038 0.154
DUs | sUs -0.205 -0.114 -0.137 -0.237 -0.079 -0.135
DS | SU8 | 0.147 0.371 0.849* 0.386 0.916** 0.960**
DUS | SU8 | -0.001 -0.055 0.179 0.181 0.136 0.097
DUs | gus 0.088 0.297 0.034 -0.235 -0.384 0.231
D, IS:% 0.904* 0.601 -0.022 0.940%* 0.683 0.390
DEV | SEV | 0.050 0.082 0.237 0.173 0.219 0.047
DEV | SV | 0.038 -0.185 -1.060** -0.112 -0.133 0.271
DEV | SEV | -0.880* -0.394 -0.215 -0.352 -0.249 -0.274
DEV | SEV | 0.039 -0.105 0.152 0.152 0.061 0.080
DEV | SEV | 0.418 0.139 0.297 -0.051 0.033 0.274
DEV | SEV | 0.019 0.343 0.313 0.311 0.044 0.202
DEV | SEV | -1.024% -0.546 -0.914* -0.499 -0.754* -0.270
DEV | SEV | -0.527 -0.186 -0.018 -0.276 -0.381 0.232
Adj. R? 0.081 0.119 0.171 0.117 0.204 0.258

Ho: @ij = 0 for all i 1219.83**

Table 10 (Cont'd): Surprise effect of the absolutesurprise element of individual news announcement
items on implied volatility spillovers. Entries report results from a VAR(1) model augtedrby absolute
surprise variables and their interaction with enstmmy for the individual news announcement items
under consideration. The sign dummy takes theevdlwhen the surprise component of an individual
release is negative and zero otherwise. Resutsl#nined by using the SUR method. Synchronaaesr
for both the U.S. and European implied volatilitgices measured at 11:30am ET are used. The deeffi
estimates, adjuste® and Wald test statistics féty: ¢; = O for alli#j are reported. One and two asterisks
denote rejection of the null hypothesis of a zeavefficient at the 5% and 1% level, respectivelyheT-
statistics are not reported due to space limitatioh are available from the authors upon requégie
model is estimated for the period July 1, 2003 ¢zd&mber 31, 2010.
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AVIX AVDAX AVCAC, AVAEX AVBEL AVSMI,
Coeff. Coeff, Coeff. Coeff. Coeff, Coeff.
(t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.)
C -0.024 -0.035 -0.019 -0.037 0.011 -0.011
(-0.595) (-0.984) (-0.457) (-1.062) (0.339) (-0.400)
AVIX 11 0.017 0.355** 0.414** 0.367** 0.380** 0.220*
(0.425) (10.060) (9.769) (10.503) (11.796) (8.156)
AVDAX 1 -0.134 -0.225** -0.085 -0.022 -0.060 0.156**
(-1.841) (-3.466) (-1.097) (-0.340) (-1.025) (3.165)
AVCAC, 0.032 0.048 -0.400** -0.007 0.022 0.043
(0.842) (1.438) (-9.918) (-0.225) (0.733) (1.691)
AVAEX .1 -0.105 -0.151** 0.150* -0.445** -0.042 -0.284**
(-1.770) (-2.856) (2.374) (-8.516) (-0.872) (-7.049)
AVBEL 1 0.435** 0.284** -0.079 0.172** -0.304** 0.254**
(9.044) (6.655) (-1.555) (4.084) (-7.831) (7.807)
AVSMI 4 -0.408** -0.138* 0.115 0.074 0.061 -0.033
(-5.827) (-2.201) (1.538) (1.201) (1.083) (-0.690)
[SI*AVIX ¢4 0.089** 0.029 0.058 -0.031 0.056* 0.009
(3.138) (1.144) (1.941) (-1.267) (2.463) (0.461)
[SI*AVDAX . 0.205** 0.164** 0.205** 0.171* 0.172** 0.123*
(4.409) (3.930) (4.124) (4.140) (4.560) (3.873)
[SI*AVCAC . -0.112* 0.000 0.065* -0.079** -0.053* 0.008
(-4.236) (0.018) (2.311) (-3.403) (-2.474) (0.471)
[SI*AVAEX . -0.058 -0.124** -0.174** 0.079 -0.077* -0.033
(-1.202) (-2.880) (-3.391) (1.865) (-1.976) (-0.995)
[SI*AVBEL -0.103** -0.136** -0.009 -0.085* -0.006 -0.043
(-2.709) (-3.996) (-0.209) (-2.520) (-0.199) (-1.675)
|S[*AVSMI 4 0.099* 0.059 -0.093* -0.083* -0.091* -0.137**
(2.258) (1.500) (-2.004) (-2.155) (-2.574) (-4.635)
Adj. R? 0.109 0.124 0.178 0.124 0.206 0.255

Table 11: Surprise effect of the aggregate releasen the magnitude of implied volatility spillovers Entries
report results from a VAR(1) model that allows floe matrix of coefficients of the lagged impliedatdity indices to
be affected by the aggregate surprise componethicofiews announcements for all the economic vasajgquation
(9)]. Equation (9) is estimated by the SUR methdglynchronous prices for both the U.S. and Europesutied
volatility indices measured at 11:30am ET are us€be coefficient estimatesstatistics, adjuste® and Wald test
statistics forH,: f; = O for alli# are reported. One and two asterisks denote rejeofithe null hypothesis of a zero
coefficient at the 5% and 1% level, respectivelyhe model is estimated for the period July 1, 2@@0Becember 31,

2010.
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AVIX AVDAX, AVCAC, AVAEX; AVBEL ; AVSMI,
Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.
(t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.) (t-stat.)
C -0.01¢ -0.03¢ -0.00¢ -0.03¢ 0.01¢ -0.00¢
(-0.354) (-0.973) (-0.073) (-0.987) (0.470) (-0.292)
AVIX 4 0.01¢ 0.360* 0.433* 0.367* 0.384** 0.224**
(0.448) (10.232) (10.276) (10.497) (11.922) (8.499)
AVDAX (4 -0.144° -0.228** -0.08¢ -0.02¢ -0.067 0.142**
(-2.000) (-3.534) (-1.109) (-0.457) (-1.149) (2.963)
AVCAC, 0.03: 0.04¢ -0.398** -0.00¢ 0.01¢ 0.03¢
(0.846) (1.350) (-9.963) (-0.279) (0.603) (1.512)
AVAEX 4 -0.097 -0.138** 0.163** -0.439%* -0.031 -0.262**
(-1.649) (-2.621) (2.606) (-8.419) (-0.651) (-6.693)
AVBEL (4 0.436** 0.286** -0.07: 0.169* -0.311* 0.245%
(9.126) (6.748) (-1.446) (4.013) (-8.028) (7.720)
AVSMI 4 -0.409* -0.153* 0.081 0.08( 0.067 -0.027
(-5.858) (-2.449) (1.085) (1.293) (1.188) (-0.574)
[SSI*AVIX .y 0.103** 0.105** 0.05¢ 0.00¢ 0.073** 0.093**
(2.973) (3.377) (1.484) (0.105) (2.594) (3.930)
|S’S*AVDAX (.4 0.122* 0.122%* 0.138** 0.150** 0.162* 0.083*
(2.450) (2.737) (2.599) (3.390) (3.984) (2.484)
|S’S|*AVCAC .4 -0.077* -0.027 0.051 -0.101** -0.046 -0.017
(-2.266) (-0.896) (1.414) (-3.399) (-1.679) (-0.746)
|S*S*AVAEX 4 -0.022 -0.094 -0.021 0.100 -0.002 0.078*
(-0.381) (-1.810) (-0.344) (1.946) (-0.039) (2.027)
|SYS*AVBEL 1 -0.06( -0.219** -0.129’ -0.06¢ -0.05¢ -0.138**
(-1.248) (-5.122) (-2.534) (-1.593) (-1.440) (-4.309)
|SYS*AVSMI 4 0.08( 0.109* -0.08¢ -0.098’ -0.163** -0.219%*
(1.448) (2.184) (-1.505) (-1.978) (-3.600) (-5.899)
|SYUFAVIX 4 -0.033 -0.141* 0.041 -0.120* -0.007 -0.196**
(-0.559) (-2.672) (0.646) (-2.295) (-0.136) (-4.979)
|SY\[*AVDAX (4 0.724** 0.417** 0.636** 0.335** 0.227* 0.341**
(6.419) (4.101) (5.274) (3.320) (2.467) (4.524)
|SY*AVCAC ., -0.131** -0.061 0.025 -0.028 -0.082* -0.038
(-2.753) (-1.420) (0.487) (-0.657) (-2.103) (-1.199)
|SV*AVAEX 4 -0.294** -0.141 -0.560** 0.005 -0.173* -0.146*
(-3.333) (-1.778) (-5.941) (0.059) (-2.405) (-2.465)
|SEY ¥ AVBEL 4 -0.260** -0.03( 0.121 -0.185** 0.07¢ 0.071
(-3.607) (-0.464) (1.572) (-2.875) (1.282) (1.602)
|SEY* AVSMI 4 -0.01( -0.05¢ -0.195’ -0.087 0.00¢ -0.04¢
(-0.139) (-0.853) (-2.577) (-1.376) (0.110) (-1.014)
Adj. R? 0.12: 0.13¢ 0.19: 0.12¢ 0.21( 0.29]

Table 12: Surprise effect of regional announcements (i.e. rehses of U.S. and European economiariables,
separately) on the magnitude of implied volatilityspillovers. Entries report results from a VAR(1) model that
allows for the matrix of coefficients of the laggadplied volatility indices to be affected by thegional U.S. and
European absolute surprise variables of the newswartements for the U.S. and European economi@blas,

respectively [equation (10)]| S’ |(|$EU D is the regional surprise variable of the U.S. (fpe&an) releases. Equation

(10) is estimated by the SUR method. Synchronegice® for both the U.S. and European implied vitatindices
measured at 11:30am ET are used. The coefficitithatest-statistics and adjuste®f are reported. One and two
asterisks denote rejection of the null hypotheéia pero coefficient at the 5% and 1% level, refpely. The model

is estimated for the period July 1, 2003 to Decen3lie 2010.
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AVIX AVDAX AVCAC;, AVAEX AVBEL, AVSMI,

Panel A: Aggregate news announcements
IS, | -0.117 -0.072 -0.139 -0.143* -0.116 -0.132*
Adj- R? 0.083 0.123 0.176 0.128 0.224 0.274
Ho: @ = O for all i# 708.64**

Panel B: Regional news announcements
1S7% | -0.039 0.002 0.030 -0.069 -0.018 -0.108
1S5 | -0.263 -0.210 -0.439* -0.281* -0.292** -0.183*
Adj-R? 0.084 0.124 0.182 0.129 0.227 0.274
Ho: @ = O for all i# 711.16*

Panel C: Individual news announcements
| SYS | -0.531 -0.497 0.422 -0.543 -0.220 -0.729*
| Ser 0.338 -0.338 -0.630 -0.163 -0.839* -0.862**
1S5 | 1.636** 0.290 -0.259 0.273 -0.012 0.054
Ds° S5° 1.411 2.282% 0.115 0.960 1.035 1.440%*
Dg’ | Se 0.618 0.866 1.906* 0.985 1.653** 1.613*
Dy | ST 1.599* 0.773 -0.321 1.239 0.784 0.580
D, 1S3 | 0.066 -0.186 -1.582* -0.060 -0.158 -0.327
D 185" | -2.225%* -0.642 -0.477 -0.648 -0.463 -0.547
D77 1857 | -1.765* -1.047 -1.626* -1.030 -1.222 -0.466
Adj- R? 0.102 0.155 0.197 0.129 0.234 0.294
Ho: ¢;; = O for all i#] 698.49**

Table 13: The effect of news announcements on imell volatility dynamics over the recent financial cisis.
Entries report results from a VAR(1) model augmedig the surprise variable for the aggregate [égndb), Panel
A], regional [equation (7), Panel B] and individuaquation (8), Panel C] news announcemeniss, | is the

aggregate surprise variabl[sﬁUS | is the regional U.S. surprise variabl@EU | is the regional European surprise

variable, | SILtJS | is the surprise variable of theh U.S. announcement item ahﬂiﬁu | is the surprise variable of the

j-th European announcement item (i = 1 for NFP,r206l, ..., 12 for RS and j = 1 for ECB, 2 for EU-CCI, 8 for
ZEW). Equations (6), (7) and (8) are estimated iy SUR method. Synchronous prices for both the a8
European implied volatility indices measured at3D&m ET are used. The coefficient estimates aadNhald test
statistic forHy: ¢;; = O for alli# are reported. One and two asterisks denote i@jeot the null hypothesis of a zero
coefficient(s) at the 5% and 1% level, respectivelhet-statistics and coefficient estimates for the labgeplied
volatility indices and the individual news annoumemt items that were insignificant for all volatilindices are not
reported due to space limitation but are availfigm the authors upon request. The model is estidiir the period
August 1, 2007 to December 31, 2010.



AVIX AVDAX AVCAC, AVAEX AVBEL; AVSMI,
Panel A: Aggregate news announcements
IS, |*AVIX 4 0.109* 0.033 0.081 -0.036 0.058 0.010
|'S, |*AVDAX 0.240** 0.206** 0.293** 0.223** 0.219** 0.170**
|'S, |“AVCAC ., -0.149** 0.001 0.069 -0.112** -0.082* 0.002
|'S, |"AVAEX 4 -0.049 -0.174* -0.247* 0.126 -0.080 -0.069
|'S, |“AVBEL 4 -0.141* -0.137** 0.001 -0.097 0.010 -0.023
|'S, |“AVSMI 0.170* 0.083 -0.113 -0.130* -0.103 -0.173**
Adj. R? 0.140 0.148 0.197 0.144 0.236 0.282
Panel B: Regional news announcements

| SVS |*AVIX 11 0.134* 0.141** 0.070 0.010 0.082 0.112**
| SUS | *AVDAX 4 0.138 0.162* 0.203* 0.200** 0.198** 0.121*
| SUS |*"AVCAC 4 -0.102 -0.046 0.066 -0.132** -0.077 -0.026
| SUS | *AVAEX 4 -0.037 -0.167 -0.080 0.129 0.011 0.088
| SUS |*AVBEL 14 -0.067 -0.220** -0.103 -0.076 -0.047 -0.139**
| SUS | *AVSMI ¢, 0.146 0.177* -0.109 -0.128 -0.180* -0.291**
| SEY |*AVIX 4 -0.122 -0.193* 0.054 -0.171 -0.023 -0.240*
| SEY |*AVDAX 4 1.148** 0.590** 1.044%* 0.484** 0.316 0.428**
| SEV |*AVCAC -0.153 -0.067 0.019 -0.055 -0.105 -0.031
| SEY |*AVAEX 4 -0.280 -0.139 -0.738** 0.086 -0.174 -0.171
| SEY |*AVBEL 4 -0.474* -0.084 0.036 -0.250* 0.082 0.084
| SEY |*AVSMI -0.130 -0.154 -0.372** -0.201 -0.039 -0.095
Adj. R? 0.160 0.159 0.216 0.144 0.238 0.327

Table 14: The effect of news announcements on theagmitude of implied volatility spillovers over therecent
financial crisis. Entries report results from a VAR(1) model thabais for the matrix of coefficients of the lagged
implied volatility indices to be affected by thegaggate [equation (9), Panel A] and regional U181 &uropean

[equation (10), Panel B] surprise variable$S, | is the aggregate surprise variabléS}US | is the regional U.S.

surprise variable and}lSEU | is the regional European surprise variable. Hqoat(9) and (10) are estimated by the

SUR method. Synchronous prices for both the Un8.European implied volatility indices measured &t30am ET
are used. The coefficient estimates and the Wedt statistic foHy: ¢;; = O for alli# are reported. One and two
asterisks denote rejection of the null hypothesia mero coefficient(s) at the 5% and 1% levelpessively. Thet-
statistics and coefficient estimates for the laggeplied volatility indices are not reported duesfgace limitation but
are available from the authors upon request. Tbdehis estimated for the period August 1, 200Dezember 31,

2010.
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Panel A: Aggregate news announcements Panel B: Regional news announcements

VIX EU indices All indices VIX EU indices All indices
i=1 ¢ -3.393** -3.566** -3.526** -3.413* -3.597** -3.553**
by, 0.514 0.169 1.082 0.461 0.087 1.033
b, 0.562** 0.707** 0.526** 0.590%* 0.752** 0.563**
by 0.204 0.223 0.281* -0.009 -0.085 0.002
b1a - - - 0.322 0.390* 0.436*
i=2 - -4.774** -4.609** R -4.805** -4.642%*
by, - 2.869** 1.494 - 2.869%* 1.436
by - 0.224 0.681* - 0.240 0.719*
bas - 0.019 0.177 - -0.475 -0.167
ba4 - - - - 0.249 0.361
i=3 c; R -3.092** -3.086** R -3.101** -3.096**
bay - 2.142%* 2.060** - 2.122% 2.038**
bay - 0.107 0.240 - 0.125 0.258
Das - -0.226 -0.145 - -0.673 -0.411
bas . . - - -0.041 -0.014
PseudoR? 0.061 0.082 0.081 0.064 0.088 0.085
LRT Constant  655.426" 1237.570" 1268.340" 655.143" 1233.815" 1266.555"
Y YUS, 187.375 371.629" 412.560" 186.088 367.043" 408.688"
Y EY, 194.344" 363.393" 407.661 193.692" 360.342" 405.379
IS, | 188.730 356.137 403.076 - - -
1S° | - - - 185.524 351.663 396.232
[SEY | - - - 188.722 352.864 401.416

Table 15: Implied volatility co-exceedances and theffect of news announcementslhe entries report results for
the multinomial logistic regression model for thaplied volatility co-exceedancesPanel A: Entries report the
estimated coefficients in the case that the lagdesl co-exceedances, lagged European co-exceedandethe
surprise  element of the aggregate news announcemeate used as covariates, namely:
g (x)=In[P(Y, =i[x)/P(%, =0x)|=c +B'x=c + BYE + B X + 541 |, where X5 (YE) is the lagged
U.S. (European) co-exceedance variable pd is the aggregate surprise variablBanel B: Entries report results
from the estimation of the multinomial logistic regsion model in the case that the lagged U.Sxceeslances, the
lagged European co-exceedances and the surpriserglef the regional news announcements are usedvasiates,
namely: g (x)=In[P(Y, =i[x)/P(Y =0x)]=c + B'x=G +B. XS5 + B +551S° [+5,I1SV . where
Y (Yff) is the lagged U.S. (European) co-exceedance varéaid | §*° |(|SEU Dis the regional U.S. (European)
surprise variable. The coefficient estimates, gee®f and likelihood ratio test statistics (LRT) are sgpd. The
pseuddR? of McFadden (1974) is defined agseudd? = +( Iy, / Ity . Where Ly, (L) iS the likelihood

of the full (constants only) model. One and twtedsks denote rejection of the null hypothesia akro coefficient at
the 5% and 1% level, respectively. In the cagh®LRTs, one and two crosses denote rejectioheofitill hypothesis
that the coefficients of any given covariate actbgsvarious levels of are jointly significant at the 5% and 1% level,
respectively. The model is estimated for the mefiom August 1, 2007 to December 31, 2010.
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