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Abstract

This article studies the level of integration of the volatility expectations implied by the stock

index options prices in Europe, from 2001 to 2018, with particular attention to the 2008 financial

crisis, the EU sovereign debt crisis, and the Brexit. We estimate two spillover indices (European

and only-EMU countries) from relating the log-ratio of main global volatility indices in a VAR

framework, following Diebold & Yilmaz (2012) (DY12), and study the dynamics of the resulting

indices. First, this paper reports evidence in favor of the ability of the options markets to

price political, economic and financial risks, even the uncertainty after a terror attack. Second,

although obtained results point towards higher integration of volatility expectations in Europe

when the expectations quoted in the UK and Swiss (non-EMU) are included (mostly during

the financial crisis), this role seems to deteriorate after the Brexit. Attending to the factors

that may drive the spillover dynamics we conclude that, while higher financial uncertainty

enhances market contagion, higher economic policy uncertainty fosters contagion only at times of

growing consumer confidence, inflation rate or private Credit-to-GDP ratio, as well as in times of

growing financial market uncertainty, confirming a non-linear relationship between the spillover

index dynamics and economic policy uncertainty. Finally, this article studies the sensitivity

of stock returns to the European spillover index dynamics to build on the economic meaning

of the former, finding a significantly stronger leverage effect in times of market contagion what

would suggest different management strategies depending on market contagion or fragmentation.

Reported results may be used to improve our understanding of the markets’ behavior and

connectedness, helping central banks to explain the effectiveness of the monetary policy (forward

guidance), policymakers in policy design to reach similar effects by regions, and risk managers

who want to buy volatility protection at the lowest cost.

Keywords: Spillovers, VAR, Market Turmoil, Model-free Volatility Indices, Leverage Effect

1 Introduction

Understanding the flow of volatility and volatility shocks across markets is essential to under-

stand the dynamics of prices in an increasingly globalized financial world. In this setting, the
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derivatives markets appear to play a significant role in transferring volatility and risk across mar-

kets. Yarovaya et al. (2016) show that the futures market provides more efficient channels for the

spillovers of returns and volatility across markets than the spot market. However, how does the

derivative market drive the risk into the financial system? Kelly et al. (2016) report evidence in

favor of the equity options market being able to price the political risk. This article studies the

level of integration of the volatility expectations implied by the stock index options prices in Eu-

rope, from 2001 to 2018, with particular attention to the 2008 financial crisis, the EU sovereign

debt crisis, and the Brexit. Obtained results support the claim that the options markets can price

political risk but also economic and financial risks (although it does it differently), as well as the

uncertainty derived from terror attacks. Attending to the dynamics of the excess of correlation

between the volatility expectations 1 we estimate spillover indices and study the factors that may

drive its dynamics, so that the contagion of expectations across equity markets in Europe from 2001

to 2018. Both from an event-study and macro-finance perspective, contributing to the literature

that studies the role of the derivatives markets in the flow of information to the financial system,

as well as to the research on contagion, volatility spillovers, and systemic risk.

There are different approaches to the contagion and fragmentation hypothesis, as well as to the

definition of market integration. Most of these focus on structural breaks in the market correlation

during periods of distress or turmoil. Nevertheless, there is not yet a consensus on the definition

of contagion, fragmentation or financial distress. Bekaert et al. (2005) mention that “contagion

is not simply revealed by increased correlation of market returns during a crisis period,” but to

the excess of correlation above or below fundamentals (see also Bekaert, Ehrmann, Fratzscher &

Mehl (2014) and Ehmann & Fratzscher (2017)). In this line, Forbes & Rigobon (2002) “defines

contagion as a significant increase in cross-market linkages after a shock to one country (or group

of countries).” The analysis developed in this article follows both definitions relating the concepts

of “contagion” and “fragmentation” to the strengthening or the weakening of the transmission of

shocks, respectively. The spillover index is related to unexpected shocks to the excess of correlation

between markets that later translates to higher or lower market correlation. Thus, shocks to the

excess of correlation match with moments of market contagion or fragmentation. This article offers

a methodology to approach times of market contagion and fragmentation based on the forecast-

ing variance decomposition proposed by Diebold & Yilmaz (2012) and relying on the log-ratio of

volatility indices to differentiate between the “average” and the excess of correlation between two

markets. Additional advantages of using the log-ratio of volatility indices instead of levels is that the

first makes it possible to estimate the VAR model suggested in Diebold & Yilmaz (2012) without

considering a fractionally cointegrated VAR system and without controlling for common factors, as

the interest rates or the market volatility, since log-ratio summarizes the unrelated portion of the

two indices.

The sample analyzed in this article starts at 2001 ensuring the inclusion of a quiet period in

the moving-window estimation process what makes it possible to get a comparable measure of the

volatility2 spillovers dynamics during the 2007-2008 financial crisis, the European Sovereign debt

crisis, and the Brexit. The following mode-free volatility indices approach the volatility expecta-

tion generated at the significant European option markets: the European VSTOXX, the British

VFTSE, the French VCAC, the German VDAX-NEW, the Swiss VSMI, the Netherlander VAEX,

1The volatility expectation is a significant pricing factor used by academia and investors to approach the risk of

a stock.
2From now on, I will use volatility spillover and volatility expectations spillover indistinctively, for the sake of

simplification.
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and the Spanish VIBEX.3 The excess of correlation between the indices is estimated from the

log ratio dynamics of each volatility index over the VSTOXX (usually referred as the European

expected volatility benchmark4). This specification allows the study of the shocks that drive the

excess of correlation between the indices, and the estimation of the spillover index for the European

volatility expectations market. Although obtained results points towards higher market integra-

tion, including the expectations quoted in the non-EMU (UK and Swiss) markets, mostly during

the financial crisis, the expectations generated in the EMU-countries markets showed a significant

contagion after the Brexit, making very similar the level of market integration with and without the

non-EMU countries. These findings offer a better understanding of the links of formed expectations

across markets that central banks may use to explain the effectiveness of the monetary policy. It

can help policymakers in policy design exercises to reach an equal policy effect across regions. It

can be used by risk managers who are willing to buy volatility derivatives at the lowest cost.

An event study for the four sub-periods (pre-crisis, the financial crisis, the sovereign debt cri-

sis, and Brexit) confirms that the spillover index is sensible to important unexpected economic,

financial and political events happening in these periods. An empirical analysis relates the spillover

dynamics and proxies for other sources of economic, political and financial uncertainty concluding

that (i) periods of contagion and fragmentation live on average two months, (ii) higher economic

policy uncertainty enhances the volatility expectations contagion only at times of growing consumer

confidence, inflation or private Credit-to-GDP ratio (financial constrains). Otherwise, higher eco-

nomic policy uncertainty results in the fragmentation of the volatility expectations market. Overall,

this confirms the ECB finding: “times of financial and economic turmoil result in market fragmen-

tation,” and shows that the political uncertainty also plays a vital role in the integration of the

volatility expectations market in Europe.

Finally, this article studies the sensitivity of stock returns to the European spillover index dy-

namics (volatility expectation contagion or fragmentation) finding a significantly stronger leverage

effect in times of market contagion, as expected, since contagion time usually relates to lower market

uncertainty and the volatility indices are heteroscedastic (higher level, higher volatility). Therefore,

when the volatility expectation is in times of contagion (fragmentation) we expect lower (higher)

dispersion across countries of market beliefs about the future stock volatility. Reported results

partially provide empirical evidence in line with results by Atmaz & Basak (2018) who claim that

the stock price increases (decreases) in believing dispersion when the view of the stock is optimistic

(less pessimistic).

The growing market share of ETF volatility products was patent on the performance of the

financial markets in February 2018. Central banks are increasingly concerned about the process

that transforms their communications into shocks which in turn affect macroeconomics and finan-

cial markets (forward guidance). The financial markets play a growing role in this journey, and

understanding how shocks to (volatility) expectations transmit across markets may help central

banks to understand the scope and the asymmetric arrival of monetary policy in different areas.

In the same way, understanding the flow of shocks to volatility expectations across markets may

also be useful for policymakers interested in the process that turns their policies into more or less

effective. Finally, as it has been mentioned, the derivatives market on volatility indices is one of the

3FTSEMIB volatility index, for Italy, is only available from 2010 to the current time. We need a more extended

period to ensure not biased results.
4http://www.eurexchange.com/blob/269082/d7a651762960b7805fca1f1be84f5ffe/data/factsheet eurex vstoxx

derivatives.pdf
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most liquid and essential in the actual financial markets. Understanding the speed and direction

of the shocks to volatility expectation across markets turns relevant to design a less-expensive an

optimally diversified portfolio for both volatility expectation takers and givers. Should they care

about diversifying the portfolio when a shock arrives at the market? Is this shock reflected in all

markets?

The remainder of this paper is organized as follows. Section 2 reviews some of the literature on

spillovers of returns and volatility in different financial markets. Section 3 explains the methodology

to estimate the spillover indices. Section 4 includes the data and variables. Section 5 introduces the

empirical estimations of the spillovers indices. Section 6 includes an event study analysis. Section

7 compares the spillover dynamics with other uncertainty sources. Section8 studies the sensitivity

of returns to the spillover index, and section 9 gives concluding remarks.

2 Previous Literature

There is an increasing interest on understanding (i) the degree of interconnection of markets

- first moment -, and (ii) the forces that drive this connection dynamics - the second moments.

Higher markets connection results in higher systemic risk, and one of the possible systemic risk

sources are the spillovers of volatility and returns across markets. Smaga (2014) defines systemic

risk as the risk that a shock spreads on the scale impairing the functioning of the financial system

and affects the real economy. Acharya et al. (2017) defines it as “the expected systemic costs in

a crisis,” and Adrian & Brunnermeier (2016) proposes a systemic risk measure, the ∆ CoVaR,

the change in the VaR of the financial system conditional on an institution being under distress

(relative to its central state). However, what do we mean by financial distress? Following Bernanke

(1987), Romer & Romer (2017) identify financial distress with increases in the cost of credit inter-

mediation and build a measure of financial distress that captures this cost dynamics, based on the

information content of the OECD Economic Outlook publication. Indeed, the literature usually

considers financial distress as the primary source of systemic risk, finding stronger spillovers across

markets in times of high financial distress.

This article focuses on understanding the spillovers dynamics in the market of volatility expec-

tations in Europe over three critical periods of financial, economic and political distress. Recent

studies report that the political risk may also work as a “spillovers intensifier,” see Ehmann &

Fratzscher (2017). Some policy uncertainty proxies that may explain the spillovers dynamics are the

Sovereign yield spreads (Goldman Sachs, Damodaran (2003)), the political risk spreads (Bekaert,

Harvey, Lundblad & Siegel (2014)), or the increasingly used Economic Policy Uncertainty indices

(EPU). Liu & Zhang (2015) find that higher EPU leads to higher volatility, and recommend the

use of EPU indices to improve the forecasting ability of volatility prediction models.

If we differ across markets, there is a high number of articles focused on the spillovers of returns

and volatility (P measure) in the equity market. It is broadly accepted that the equity connect-

edness increases during periods of crisis (financial distress). However, the spillovers dynamics

reported by the first and second moment of returns seem to be different. Diebold & Yilmaz (2009)

report that the spillovers of returns report a gently increasing trend (no burst) while the volatility

spillovers display no trend but clear bursts. Diebold & Yilmaz (2012) also report evidence in favor

of quite limited cross-market volatility spillovers until 2007, that intensified after this reaching a

peak with the Lehman Brothers episode in Sep 2008. On the other hand, Diebold & Yilmaz (2008)

found a clear link between macroeconomic fundamentals and stock market volatilities (the volatile
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fundamentals translates into volatile stock markets). Diebold & Yilmaz (2016) study the volatility

spillovers overseas during 2007-2008 concluding that the spillovers direction was from the US to

Europe until the end of 2008, when it turned bidirectional. Starting in June 2011, the spillovers

directions turned from the EU to the USA markets (European financial distress).

Kelly et al. (2016) conclude that the options market can also price the monetary policy uncer-

tainty (MPU), while Gross (2017) studies the co-movements of 18 non-energy commodity returns

from 1994 to 2016 and concludes that these co-move more intensively between 2004 and 2010 (con-

tagion period), and that such co-movement declines after 2013 (fragmentation period) in line with

previous literature that stays that the spillovers increase (higher systemic risk) in times of turmoil.

Finally, Bekaert et al. (2013) relates monetary policy to the US model-free volatility index VIX,

which level relies on the SPX option prices, and conclude that a lax monetary policy decreases

VIX (affecting the risk aversion and the uncertainty components). This result would suggest that

the volatility expectations are sensitive to the MPU dynamics, so that the volatility expectation

spillovers may also increase at higher MPU levels.

The literature also explores the connectedness of the bond markets. Cheng & Yang (2017)

and Terzi & Verga (2006) report evidence in favor of the interconnection of the bond and stock

markets, and Andersen et al. (2007) show that the bond market reacts more strongly to macroe-

conomic news than the equity markets. More recently, Ehmann & Fratzscher (2017) and Ehmann

et al. (2017) find that although the EU government bond markets well integrated before the crisis,

there is a substantial fragmentation from 2010 onward. Regarding interest rates, Avouyi-Dovi &

Jondeau (1999) find evidence in favor of spillovers along the yield curve, while Hall et al. (1992)

find a cointegration relationship between the yields to maturity of U.S. Treasury bills. In fact, the

authors find that the spreads between yields of different maturity define the cointegration vectors,

what reveals that risk premia are stationary an there is a single non-stationary common factor

that underlies the time series behavior of each yield to maturity. More recently, Caporin et al.

(2018) control for the market volatility, following Forbes & Rigobon (2002), and find no evidence

on shift-contagion in euro’s yield spreads.

Regarding expectations, there is a growing interest in understanding the dynamics of expecta-

tions generated in the financial markets. There is already evidence in favor of inflation expectation

being sensitive to the MPU dynamics. Indeed, Carvalho et al. (2015) show that the long-run in-

flation expectations are highly sensitive to the short-run news. Netsunajev & Winkelmann (2014)

also relate the EU and US inflation expectations spillovers from 2004 to 2011 and conclude that

the spillovers increase in times of high distress. This article builds on this research line report-

ing evidence in favor of the options market pricing financial, political and economic risks since

2001. However, not all turmoil episodes result into a higher contagion. Findings reported in this

article reveal that the Brexit process has contributed to a more fragmented European volatility

expectations market.

3 Theoretical modeling

The expected volatility spillovers index estimated in this article follows the methodology in

Diebold & Yilmaz (2012), hereafter DY12. DY12 estimates the spillover index based on the VAR

(p) forecast error variance decomposition in Koop et al. (1996) and Pesarana & Shinb (1998), here-

after KPPS. The KPPS forecast error variance decomposition allows for non-zero contemporaneous

correlations of the innovations, making unnecessary to use the Cholesky factorization to generate
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orthogonal innovations, and turning the spillover index invariant to the order of the variables in

the VAR (p) model5.

The methodology to reach the spillover index begins with the estimation of a covariance sta-

tionary VAR (p) that relates N-variables contained in xt, with ε ∼ (0,Σ) and Σ = INσii

xt =

p∑
i=1

Φixt−i + εt (1)

then, from the VAR (p) moving average representation we get the Ai matrices, with Ai =

Φ1Ai−1 + Φ2Ai−2 + Φ3Ai−3 + ...+ ΦpAi−p, A0 = IN×N and Ai = 0 for i < 0.

xt =

∞∑
i=0

Aiεt−i (2)

Finally, the KPSS H-step-ahead forecast error variance decomposition θgij(H) is obtained fol-

lowing (3), where ei is a signal vector equals to one as the i-th element and zeros otherwise. On

the other hand, σii is the standard deviation of the forecast error term for the i-th equation, and

Σ is the variance matrix for the error vector ε.6

θgij(H) =

σ−1ii

H−1∑
h=0

(e′iAhΣej)
2

H−1∑
h=0

(e′iAhΣA′hei)

(3)

This method does not need to enforce the orthogonality of residuals. Instead, the KPSS variance

decomposition controls for the non-diagonal variance matrix Σ, making
∑N

j=1 θ
g
ij(H) 6= 1. Since the

spillover index must be bounded between zero and one, DY12 propose to standardize the variance

decomposition structure following (4), what makes
∑N

j=1 θ̃
g
ij(H) = 1 and

∑N
i,j=1 θ̃

g
ij(H) = N .

θ̃gij(H) =
θgij(H)

N∑
j=1

θgij(H)

(4)

Finally, the DY12 spillover index Sg(H) is computed following (5), where this proxies the

strength of the system connectedness by measuring “the contribution of spillovers of volatility

shocks across the asset classes to the total forecast error variance.” Louzis (2015) provides a

complete study of the asymptotic properties of the total, directional and net DY12 spillover indices.

5Although the order is not relevant, I rank the variables in the model by market capitalization.
6As is pointed out in Louzis (2015), the MSE of an H-step forecast of the i-th variable equals the denominator in

(3)

MSEi,H =

H−1∑
h=0

(e′iAhΣA′hei)
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Sg(H) = 100 ·
∑
i,j=1
i 6=j

θ̃gij(H)

N
(5)

DY12 also propose the estimation of directional spillovers to differ between the influence of the

system on a particular variable and the influence of such variable into the system connectedness.

The directional spillover received by market i from all other markets j (j 6= i) is the following

Si�(H) =

∑
i,j=1
i 6=j

θ̃gij(H)

∑
j=1

θ̃gij(H)
(6)

and the directional volatility spillovers transmitted by market i to all other markets j is

S�i(H) =

∑
i,j=1
i 6=j

θ̃gji(H)

∑
j=1

θ̃gji(H)
(7)

From the directional indices, it is possible to estimate the ith market net spillover, labeled as

Sg
i (H) as the difference between the gross volatility shocks transmitted and received to/from all

the other markets. The sign of the net spillover may also suggest whether the market was a net

spillover receiver or giver during a specific period.

Sg
i (H) = S�i(H)− Si�(H) (8)

The variables included in this article to characterize changes in the interaction of the European

volatility expectation markets must comply with the definition of “contagion” and “fragmentation”

used in this article, related to the strengthening or the weakening of the transmission of shocks in

this system, where these shocks are generated in one market and spread to the others. To this end,

it is necessary to control for the common component of these indices (see Forbes & Rigobon (2002))

what can be addressed in many ways. This article proposes a novelty approach that focuses on

what we call “the excess volatility expectation,” this is the log-gap between the domestic volatility

index and the European volatility index of reference, the VSTOXX. This approach calls for some

assumptions. In particular, using the VSTOXX as the European volatility expectation market

common component suggests that its dynamics mostly illustrates the dynamics of the shared part

of European domestic volatility indices. A plausible assumption in this setting, since a further em-

pirical econometric analysis, included in the next section, illustrates that the log-ratio of volatility

indices relates to the log-VSTOXX with a linear parameter close or equal to one.

This way, the model specification mentioned above would imply the following identification

assumptions in the structural model, where xi,t = ∆ lnVi,t, for i = 0, 1, 2, 3, 4, 5, 6 with V0,t =

V STOXXt, and Sji = −aj1i − aj2i − aj3i − aj4i − aj5i − aj6i, for j = 1, ..., p.



1 0 0 0 0 0 0

−1 1 0 0 0 0 0

−1 0 1 0 0 0 0

−1 0 0 1 0 0 0

−1 0 0 0 1 0 0

−1 0 0 0 0 1 0

−1 0 0 0 0 0 1





x0,t
x1,t
x2,t
x3,t
x4,t
x5,t
x6,t


=



0

a1
a2
a3
a4
a5
a6


+

p∑
j=1



L−1 0 0 0 0 0 0

Sj1 aj11 aj21 aj31 aj41 aj51 aj61
Sj2 aj12 aj22 aj32 aj42 aj52 aj62
Sj3 aj13 aj23 aj33 aj43 aj53 aj63
Sj4 aj14 aj24 aj34 aj44 aj54 aj64
Sj5 aj15 aj25 aj35 aj45 aj55 aj65
Sj6 aj16 aj26 aj36 aj46 aj56 aj66





x0,t−1

x1,t−1

x2,t−1

x3,t−1

x4,t−1

x5,t−1

x6,t−1


+



0

ε1,t
ε2,t
ε3,t
ε4,t
ε5,t
ε6,t


(9)
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The assumptions in the model (9) would imply that the contemporaneous changes in the in-

dividual volatility indices do not cause contemporaneous changes in the VSTOXX, but the other

way around. The ECB, among others, use the VSTOXX to approximate the market uncertainty

in Europe, as the average (expected) European volatility index level. In line with the ECB as-

sumption, we assume that the local markets use it as a general market fear barometer in portfolio

management, what transforms the VSTOXX in an input for the domestic markets and investors.7

However, we do not defend a zero relationship between the VSTOXX and the domestic volatility

indices. Instead, we assume a significant contemporaneous relationship between the spread be-

tween each of the domestic and the European average indices (the log-spread). Thus, the reduced

VAR model (10) assumes a contemporaneous relationship between the log-spreads over time; this

is between the volatility index components unexplained by the dynamics of the average European

volatility index. Variables in the reduced form (10), are yi,t = ∆ ln(Vi,t/V0,t), V0,t = VSTOXXt,

V1,t = VFTSEt, V2,t = VCACt, V3,t = VDAXt, V4,t = VSMIt, V5,t = VAEXt and V6,t = VIBEXNt.

Thus, each variable yt may be interpreted as (i) the “(log) volatility spread,” or (ii) the “unex-

pected” volatility index component. The next section studies the linear relationship between the

volatility indices and the VSTOXX concluding in favor of the log-ratio as a good representation of

this relationship. It is possible to interpret the dependent variables yit in (10) as the innovations

of orthogonal regressions of each volatility index on the VSTOXX.



y1,t
y2,t
y3,t
y4,t
y5,t
y6,t

 =



b1
b2
b3
b4
b5
b6

 +

p∑
j=1



bj11 bj21 bj31 bj41 bj51 bj61
bj12 bj22 bj32 bj42 bj52 bj62
bj13 bj23 bj33 bj43 bj53 bj63
bj14 bj24 bj34 bj44 bj54 bj64
bj15 bj25 bj35 bj45 bj55 bj65
bj16 bj26 bj36 bj46 bj56 bj66





y1,t−1

y2,t−1

y3,t−1

y4,t−1

y5,t−1

y6,t−1

 +



ε1,t
ε2,t
ε3,t
ε4,t
ε5,t
ε6,t

 (10)

Finally, we estimate the model (10) for two sets of market volatility indices. The first set

includes all the markets mentioned above, while the second set only includes markets in the EMU

system. Based on the AIC and BIC criterion we estimate p = 4 as the most appropriate lag for

the first system, and p = 5 for the second. The following section includes a detailed analysis of the

xit and yit series.

4 Empirical modeling

The goal of this article is to estimate spillover indices for a set of main EMU and EU stock

markets, and characterize periods of contagion and fragmentation in the volatility expectations

across the EMU and EU financial markets over time. The volatility indices utilized to represent

the EMU markets are the VSTOXX, the VDAX-NEW, the VCAC, the VAEX, and the VIBEXN.

The first four indices are downloaded from the Bloomberg terminal on a daily frequency, from

January 4, 2000, to April 19, 2018. The VIBEXN is the Spanish volatility index that represents

the volatility expectations generated in the South of Europe.8 The VIBEXN series is obtained

from two sources: from 2000 to 2006 we estimate the volatility index from end-of-day option quotes

on IBEX-35 futures9 provided by MEFF RV, and official VIBEX VIX-alike data from 2007 to

April 2018 is provided by the BME.10 Finally, we download the UK and Swiss volatility indices

7A role similar than the “market forecasts consensus” for the individual forecasters, or the VIX futures for the

VIX dynamics.
8The Italian volatility index (IVMIB) sample starts in April 2010 (http://www.ftse.com/products/indices/

Implied-Vol) what would have shorted the sample used in this paper significantly, while we can get VIBEX for

the whole period correlating with the IVMIB in 0.89 (levels) and 0.72 (first differences) for the common sample

2010-2016.
9Following Andersen et al. (2015) with a strike range of [-2,4] (see Appendix for further details)

10The official VIBEX daily series that BME distributes starts in 2007.
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from Bloomberg terminal for the same sample (VFTSE and VSMI, respectively) to approach the

spillovers of volatility expectations in the EU financial markets. Table 1 summarizes the indices

and the links to find further details about these.

Table 1: Volatility Indices ( Jan 4, 2000, to April 19, 2018). o.c. refers to own calculations.

Volatility Index Underlying Horizon URL Source

VSTOXX Euro Stoxx50 30 days Deutsche Borse Group Bloomberg

VDAX-NEW DAX 30 days Deutsche Borse Group Bloomberg

VCAC CAC40 30 days Euronext Bloomberg

VAEX AEX 30 days Euronext Bloomberg

VIBEXN IBEX35 30 days BME, o.c. BME, MEFF RV

VFTSE FTSE100 30 days Euronext Bloomberg

VSMI SMI 30 days SIX Bloomberg

The VSTOXX is frequently used by the academia, the media, the industry, and the central

banks to proxy the European volatility expectations. This is explained by the high weight of the

Eurostoxx50 in the composition of the national markets. According to the report distributed by the

Autorite des Marches Financiers (AMF) in March 2017, the Eurostoxx50 weight in the following

national indices is: 75% in the CAC40, 73% in the DAX, 39% in the AEX, and 53% in the IBEX35.

Because of this, the volatility indices are significantly correlated in levels and returns (see Table 1)

making it necessary to control for the common component to estimate the spillover index. In this

line, Bekaert et al. (2005) conclude that “the contagion and fragmentation” across series resulting

from the dynamics of the spillover index should relate to the “excess of correlation above and below

fundamentals,” that we proxy in each set of markets by the VSTOXX. The existence of a component

that is common to all volatility indices (expectations) and drives the shocks to fundamentals across

markets was also suggested by Schmalensee & Trippi (1978), who claimed “[...] it would follow

that the market is subject to shocks (e.g., news items) that tend to move all volatility expectations

in the same direction, but in such a fashion that their impact on those expectations cannot be

predicted from their impact on stock prices.” This explains the high correlation between the levels

and returns of the VSTOXX and two representative non-participated underlying volatility indices,

the VFTSE and VSMI.

[Include here Table 1]

The existence of a significant common factor to all the volatility indices, due to underlying-

indices intersections or market globalization, would make it necessary to relate the volatility index

using a fractionally cointegrated system. However, we would like to estimate the volatility in-

dex keeping the economic interpretation of the variance decomposition, which is very hard from a

fractionally cointegrated system. Instead, this article proposes to estimate the spillover index and

control for the common component relating the log-ratio of volatility indices to the VSTOXX, as-

suming that the last proxies the dynamics of the component common to all the indices.11 Following

the VAR specification in the previous section, this log-ratio refereed as yit is now labeled as SVi,t,

11We use VSTOXX to proxy the common component dynamics, instead of one of the national volatility indices

based on the extensive use of the VSTOXX as the volatility index of reference for Europe.
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see (11). Hencefore, SV1,t = SVFTSEt, SV2,t = SVCACt, SV3,t = SVDAXt, SV4,t = SVSMIt, SV5,t
= SVAEXt, and SV6,t = SVIBXt, respectively.

ln(Vi,t/V0,t) = SVi,t i = 1, ..., 6 (11)

The SV log-ratios (log-spreads) actually represent the unexplained log-volatility index resulting

from the linear regression that relates the former with the log-VSTOXX index, see (12), where

SVi,t = ε̂i,t when β = 1.00, what fits the estimation results in most of the cases, see Table 3. Addi-

tionally, the log transformation reduces the heteroscedasticity of the volatility indices making these

more comparable. Finally, the interpretation of conclusions based on SVi would be significantly

useful for traders, since these may be replicable (a combination of long V0 and short Vi).

lnVi,t = lnV0,t + εi,t i = 1, ..., 6 (12)

[Include here Table 3]

The Figure 1 includes the volatility index levels (Vi) - first panel-, the log-changes (∆ lnVi) -

second panel-, and the log-spread series SVi - third panel-, and Table 4 includes descriptive statistics

for all the series. Panels A and B confirm the significant correlation of volatility indices in levels

and returns, especially with the VSTOXX, as expected. On the contrary, the log-spreads correlate

significantly less, and even negatively for the SVIBX. The higher average value of the VSTOXX

relative to the other volatility indices explains the negative average spreads in Panel C, especially

for the UK and the Swiss markets. Spreads correlate positively, except for the Spanish, and the

French markets, with kurtosis and skewness coefficients suggesting a large number of (negative)

outliers in the series, what probably explains the lower correlation with other spreads.

[Include here Table 4 and Figure 1]

Overall, the spreads correlation coefficients are significantly lower than 1.00 what makes it

possible to relate these in a stationary VAR(p) system and estimate the spillover indices following

Diebold & Yilmaz (2012), including the proper number of lags in the model.

5 The Spillover Indices

The spillover index is based on the estimation of a VAR(p) model as in (1) with xti = ∆SVi,t, for

i=1,...6 where SV1 = SVFTSE, SV2 = SVCAC, SV3 = SVDAX,SV4 = SVSMI, SV5 = SVAEX and

SV6 = SVIBEXN. An appropriate VAR order identification is key for the accuracy of the variance

decomposition and the spillover index estimation. The AIC information criterion recommends the

estimation of a VAR(4) to relate the daily SV indices (interestingly, the same choice of lag than

Diebold & Yilmaz (2012)). A different parameter that may affect the resulting spillover index is

the forecasting horizon H. The spillover index is estimated for forecasting horizons from one to

twenty-five days (one month), and a rolling window of one year (255 days). From now on, the

spillover index refers to the average spillover index across all the forecasting horizons.

5.1 The European Spillover Index

The Figure 2 displays the average European spillover index (black line) bounded by the min-

imum and maximum spillover indices estimated for one to twenty-five days forecasting horizons.
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The average spillover (integration) in this period is 65.72% with a standard deviation of 4.32%.

Before 2008, periods of financial distress result in periods of contagion of volatility expectations

(upward movements in the spillover index). Nevertheless, this relationship does not hold after the

financial crisis. In particular, although there is a period of contagion of expectations starting the

European Sovereign debt crisis in 2011-2012, the Brexit fragmented the European volatility expec-

tations market while enhanced a contagion of the expectations formed in the EMU markets. The

following is a more detailed view of the spillover dynamics.

[Include here Figure 2]

Although the DY12 spillover index does not change with the order of the variables included

in the VAR model, the spreads are ordered according to the underlying market capitalization, as

follows: SV1 = SVFTSE, SV2 = SVCAC, SV3 = SVDAX, SV4 = SVMI, SV5 = SVAEX and SV6
= SVIBEXN. Unlike the DY12, the DY09 spillover index, based on the Diebold & Yilmaz (2009)

methodology is order-dependent. Figure 4 (Panel A) compares the DY12 (Sg) and DY09 (hereafter

SSg). Obtained results report that 74% of times the Sg and the SSg report the same signed-change

(positive or negative, respectively). The DY09 spillover index has double standard deviation than

the Sg making SSg less informative than the latest. Both indices confirm a market fragmentation

from 2013 to 2017, especially around the Brexit. The order of the variables estimating DY09 is

such that makes the shocks to the UK volatility expectations to affect expectations in all the other

markets. With this in mind, an after-Brexit fragmented market would suggest a lower sensitivity

of the system to the UK volatility expectations shocks.

The rest of the paper focuses on the Sg European spillover index to conclude on the (volatility)

expectations markets integration from 2001 to 2018.

[Include here Figure 3]

5.2 The spillover index: European vs. EMU markets

This subsection intends to study the sensitivity of the spillover index to the inclusion of non-

EMU countries in the system (UK and Switzerland). How relevant are these to explain the shocks

to the relationship between volatility expectations in Europe? As a first approach, the spillover

index including only the EMU markets is estimated12 and plot it in Figure 4 (Panel B) with the

European spillover index. First, on average, the market of volatility expectations seems more inte-

grated when the expectations quoted in the UK and Swiss markets are included (higher spillover

value), although this is not clear around the Brexit time.

The rise of the EMU spillover index around the Brexit situation, and the fall of the European

spillover index at the same time would suggest a new role of UK’s and Swiss’s markets explaining

the volatility expectations generated in the EMU financial markets. This finding seems useful for

institutional or individual investors as well as for policymakers interested in concluding on the

effects of Brexit on the financial markets.

Table 5 includes main descriptive statistics for the spillover series. The market of volatility

expectations in Europe (EMU) registered an average connectedness of 66% (56%) over the entire

period, with significant fluctuations within that may contribute to explain the different impact

of the central bank policies and news on the stock markets returns. The figures also confirm

12In this case; the AIC information criterion suggests the estimation of a VAR(5) model.
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a slight overall fragmentation in the market of volatility expectations in Europe since 2001 as

results from lower European (EMU) market connectedness around -7% (-7.4%) in 2015-2018 than

in 2001-2006 (see Panel A). During the 2008 financial crisis, the volatility expectations fragmented

significantly more in the EMU than in the European market, confirming the relevance of the

volatility expectations formed in the UK and Swiss markets in this period. On the other hand, the

EMU market on volatility expectations significantly fragmented during the sovereign debt crisis

from 2009 to 2015, while on average the EMU (European) spillover index reduced -6.74% (-0.96%).

The higher sensitivity of EMU stock markets to the sovereign debt crisis contributed to explaining

the different fragmentation intensities. Finally, the Brexit decision ended in a period of contagion

in the EMU markets, not implied by the European spillover index, suggesting a lower sensitivity

of the EMU volatility expectations to those formed in the UK and Swiss markets.

[Include here Table 5]

The skewness and kurtosis coefficients also suggest significant transmission of volatility expec-

tations after the Brexit, as well as higher extreme changes in the spillover index, relative to the

past. Finally, although the maximum levels of connectedness happen during the 2008 financial crisis

(0.7086), the maximum upward movement (contagion) arrives in the Brexit time (19.55%). On the

other hand, although the European market reports the maximum connectedness (0.7576) and conta-

gion (18.33%) during the Brexit episode, it also shows the maximum fragmentation (-9.66%) during

the same time. Although the EMU markets reported the maximum fragmentation just before the

2008 financial crisis, the Brexit sharpened the intensity of the spillover changes thus the strength

of the contagion and fragmentation in the volatility expectations markets within the EMU markets.

The following section studies the sensitivity of the spillover series to major unexpected political,

economic and financial shocks in this period. From the comparison of the spillover dynamics and

significant unforeseen events in the financial markets, we look for a better understanding of the

information contained in the index, and the different effect of an unexpected event on the market

contagion according to their source (political, economic or financial).

6 The spillover index and economic, political and financial shocks

This section introduces an event-analysis approach to the sensitivity of the spillover index to

economic, political and financial shocks. The goal of this exercise is twofold, understanding the

dynamics of the relationship across volatility expectations in Europe, and knowing about the rela-

tionship between the contagion/fragmentation of volatility expectations and shocks to other sources

of uncertainty related to the business cycle. To this end, an event-analysis approach is conducted

differing four subperiods, the pre-crisis (from 2001 to 2006), the financial crisis (from 2007 to 2009),

the European sovereign debt crisis (from 2009 to 2015) and the Brexit periods (from 2015 to 2018).

a. The pre-crisis period (2001-2006)

The stock markets in 2001 were still affected by the Dotcom bubble that started in 1997. During

the first half of 2001, Europe suffered from high-interest rates, about 4.5%13, and weak macroeco-

nomic figures14 that reduced the probability of soon economic recovery. In this setting, the market

13“In equilibrium, bubbles are characterized by large trading volume and high price volatility,” Scheinkman &

Xiong (2003).
14The Dotcom bubble especially affected France and Germany, in economic recession from 2001 to May 2002.
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of volatility expectations in Europe is progressively fragmented suggesting that a high economic

uncertainty relates to a fragmented volatility expectations market. The spillover downwards trend

is interrupted just before the U.S. Terrorist attack on September 11, 2001, when the higher political

and financial uncertainty produced a fast contagion of volatility expectations across markets that

reached its maximum level on September 17, 2011, when the US markets reopened after the attack.

This pattern repeats itself for both European and EMU spillover indices that move in parallel in

2001. The spillover level after the attack remains almost constant until the second quarter of 2002

suggesting a non-transitory effect of the terror attack on the European (volatility expectations)

market, in line with Eldor & Melnick (2004) who find that terror attacks generate a permanent

shock into the stock markets due to the real economic costs generated, that will reduce the firm’s

expected profits.

The spillover index peaked in May 2002 following a political event in France that caught the

attention of the markets: the French national elections held on April 21 (first round) and May

5, 2002 (second round). These elections received international attention because of higher than

expected far-right candidate Le Pen’s options to win the presidency. Finally, Jacques Chirac won

in the second round by 82.21% to 17.79% (Le Pen). This time higher political uncertainty enhanced

the contagion of the volatility expectations market, mostly in the EMU market.

The Argentinean crisis in 2002 mostly affected Spanish companies’ interests in the country, in-

creasing the market uncertainty of major IBEX-35 stocks. The release of lower-than-expected US

consumer spending on August 1, 2002 not only fostered investors’ concerns about a new recession

in the US, but prompted a progressive market fragmentation of volatility expectations in Europe

that reverted on October 9, 2002, when the European Commission recommended closing the EU

accession negotiations with the countries candidates to join the EU by the end of the year. After

the European Commission recommendations, all the referendums to join the EU were held from

March to September 2003 with positive results. The economic and political uncertainty increased

before the first referendum but reverted to a downward trend following the positive referendum

results in all the countries. Interestingly, the EMU and European volatility expectation markets

reported similar connectedness during this period, what may reflect the higher sensitivity of the

EMU markets relative to the UK’s and Swiss’ to the referendum results.

The spillover indices reacted to the terror attack on March 11, 2004, enhancing the contagion

of volatility expectations. The volatility expectations showed reported contagion on May 24, when

Saudi Arabia decides to unilaterally increase its crude oil production beyond its quota in June.

Later on November 15, the Greek government admitted budget figures significantly higher than

reported, but only the expectations in the EMU markets showed a very slightly contagion.

Two unanticipated shocks affected the volatility expectation markets in 2005. The first was

the rejection of the European constitution by France on March 29 raising the political uncertainty

in Europe and contributing to the fragmentation of the volatility expectation market. This trend

slightly corrected after the Luxembourg approval of the European constitution on July 11, 2005.

Second, after a rapid rise of the crude oil price, this reached its maximum value on July 14, 2006,

causing a transitory fragmentation of the volatility expectations market in Europe. The response

of spillover indices to the oil price shocks supports the connectedness of the volatility expectation

(volatility indices) market and the oil price dynamics.

This article proposes to relate the spillover index dynamics (times of market fragmentation and
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contagion) with the dynamics of other investors’ sources of uncertainty. The consumer confidence

index, a leading macroeconomic indicator of private consumption that also helps to anticipate the

GDP growth potential, is commonly used in the literature as a proxy of individual investor sen-

timent on stock returns (see Schmeling (2009), among others), with significant forecasting ability

of aggregate returns. Chen (2011) finds evidence in favor of a negative relationship between the

consumer confidence and the probability of bear markets, while Moller et al. (2014) claims that the

consumer confidence predicts country returns due to its relation to the business cycle. Regardless

of the definition of bull and bear markets, Figure 4 (Panel B) informs about higher consumer confi-

dence at times of volatility expectations’ contagion and lower at moments of market fragmentation.

Both contagion and fragmentation happen in bull and bear markets, according to the Chen (2011)

definition based on “high-return stable and low-return volatile states, respectively.” The approach

followed in this article and reported results suggests that the consumer confidence dynamics also

relates to the level of connectedness of the market volatility expectations. This way, a highly

connected expectations market relates to higher consumer confidence. However, the relationship

between the spillover dynamics and the consumer confidence index may also interact with other

uncertainty proxies commonly used in the financial markets. The next section addresses this point.

Overall, the year of 2016 ends with a slightly more fragmented (expectations) market, but

growing consumer confidence level in an environment of lower economic and political uncertainty

and higher levels of competitiveness than at the beginning of 2001.

[Include here Figure 4]

b. The financial crisis period (2007-2009)

Starting in 2007, the (volatility) expectations market in Europe began a path of fragmenta-

tion. However, two significant events generated significant intra-year market contagion in the next

months. First, the decision of BNP Paribas to freeze three of their most essential funds admitting

that the CDOs have become very difficult to price (on Aug, 9). Second, the British bank Northern

Rock announcement accepting a liquidity crisis and asking for the British government help (on Sept,

14). These two episodes of higher financial and economic uncertainty related to market contagion.

The spillover index describes the extreme financial turmoil in 2008, ending the contagion trend

on January 24 with the release of the most significant single-year US home sales drop in a quarter of

a century. The spillover index also reacts to the HBOS rescue, the UK’s largest mortgage lenders,

on Sept 17 by Lloyds TSB after a considerable drop in the share market price. More precisely,

the spillover index reaches a medium-size maximum just around that date probably due to the

dissemination and discount of this unexpected event across markets. Notice that the second largest

peak in the spillover series suits the British Government announcement to bail out several banks to

prevent the collapse of the UK banking sector. The spillover index increased on that day about ten

basis points, the third significant increase since 2001, denoting the importance of the UK markets

at that time on the volatility expectations formed in the rest of the markets. Again, unexpected

financial risk shocks relate to the contagion of volatility expectations across markets. It was until

February 17, 2008, that the spillover index returned to previous levels, just when the UK govern-

ment announced the nationalization of Northern Rock. Through this time, the weak financial and

economic figures in the UK neutralized the efforts of the government and the Bank of England to

stop the growth of financial and economic uncertainty in the country. The largest UK and Swiss

market uncertainty in this span of time turned into a wider European-EMU spillover gap that
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would show the relevance of the UK and Swiss volatility expectations on the expectations drawn

in the EMU stock exchanges. Finally, the European stimulus plan (200 billion euros) launched by

the European Commission on November 26, 2008, contributed to a gradual decay in the financial

turmoil in Europe over the next months.

Overall, the financial crisis in 2008 fragmented the market of expectations in Europe until

September 2008 when the uncertainty around the government’s role in the solution of this crisis

increased very sharply rotating the trend to contagion. The greatest contagion period holds around

October 7, 2008, when the banks’ shares sharply dropped in the stock markets due to the lack of

final government plans to rescue the banking system. Following rescue agreements slowly reduced

the contagion until the end of 2009.

Overall, we validate and extend literature findings. Political and financial shocks in this period

resulted in the contagion of volatility expectations, as anticipated. Nevertheless, economic shocks

associated with the higher-than-expected Greek deficit fragmented volatility expectations.

The next part describes the spillover dynamics during the European Sovereign Debt crisis. The

fragmentation of the volatility expectations started on October 18, 2009, when George Papandreou

admitted a budget deficit in Greece double than the previous government estimate. In the light of

a growing concern about the structural problems of the Greek economy, the spillover boosted in

line with the contagion of volatility expectations across markets. The spillover index dropped just

after March 11, 2011, when the Euro leaders agreed on additional financial help to Greece.

[Include here Figure 5]

c. The European Sovereign debt period (2009-2015)

The year 2009 ended with great difficulties to place Greek bonds in private hands, and high

fear of Spanish and Portugal bonds placement in the market. The stimulus packages released by

the central banks in 2009 together with the high liquidity provided to the banking system during

the financial crisis resulted in a period of credit expansion in Europe. As a result, the public sector

borrowing and the public debt increased, especially in Europe. The markets discounted this path

as well as the weak economic figures released in Europe and the U.S. at the beginning of 2010,

predicting an unlikely tighter monetary policy in the short term, given the banking system depen-

dency on the public sector assistance in this period.

Overall, the deficit problems in Southern Europe countries and Ireland kept the volatility ex-

pectations fragmented during the first quarter of 2010. In January 2010 the EU authorities found

severe irregularities in the public deficit announced by the Greek government in 2009, what made

the markets to worry about the exit of Greece from the EU. In April 2010, the EU estimated

Greece’s and Ireland’s 2009 public deficits on 13.6% and 14.3% GDP respectively, higher than ini-

tially announced. Jointly with the IMF, the EU agrees on providing 110 billion euro rescue package

for Greece in May 2010, and on establishing the European Financial Stability Facility (EFSF) with

initial capital guarantees of 440 billion euros to attend future liquidity necessities in the Euro area.

In the same month, the ECB launches the Security Market Program (SMP) to buy Greek, Irish,

Portuguese bonds over the coming nine months. The approved rescue plans resulted in an upward

trend in the spillover index, boosting the increasing contagion coming afterward.
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May 2010 was also the month of the UK national elections, held on May 6, 2010, and won

by David Cameron (Conservative party) without an overall majority, which did not contribute to

dissipating the uncertainties on the future of the European Union. The spillover index moved up

reaching a local maximum at that date showing a contagion in the volatility expectations market

around the UK elections that coincided with an increase in the economic and political uncertainty

index EPU. Nevertheless, the fear of a Grexit started to take shape during the following months

contributing to lower consumer confidence and a higher economic and political uncertainty that

prevented higher volatility expectations contagion. Once again, these results advise a profound

study of the uncertainty sources interactions.

One year later, following the growing market fear about the Portugal national accounts and

deficit, the EU and IMF agreed on a 78 billion euros rescue package for Portugal on May 6, 2011,

contributing to reducing the uncertainty and contagion in the expectations markets. Nevertheless,

the fear of a Grexit began to take shape during the following months as we see in the CCI downward

trend and the EPU upward trend that explain the lack of contagion in the expectations market until

the half of July 2011. On July 21, 2011, the EU Summit agreed to start planning second rescue

package for Greece and forces EU banks to “accept” 50% haircut on Greek bonds. This situation

contributed to raising the market uncertainty leading a period of contagion that arrived in August

2011, when the ECB resumed the SMP and decided to buy bonds from Ireland, Italy, Portugal,

and Spain. The spillover index increased around that decision, confirming the expected contagion.

Nevertheless, after the ECB decision, the spillover index started a period of growing fragmentation

of volatility expectations in Europe. Two events broke momentarily this trend in November 2011,

the resignations of the Italian prime minister Silvio Berlusconi on November 8, 2011, and the Greek

prime minister Andreas G. Papandreou on November 9, 2011. These unexpected events raised the

political uncertainty mostly in the EMU markets where there was some contagion. However, the

market fragmentation trend continued until February 21, 2012, when the European leaders foster

the contagion of volatility expectations in Europe announcing an agreement on a second rescue

programme for Greece. The Mario Draghi’s speech of “whatever it takes” on July 26, 2012, fol-

lowed by the announcement of the possible ECB intervention on secondary debt markets to restore

the function of the monetary policy preceded a significant drop in the spillover index (fragmen-

tation) that mostly affected the EMU markets. The higher confidence on the role of the ECB to

solve the sovereign debt crisis confirmed on September 6, with the ECB announcement of the new

bond purchasing programme (Outright Monetary Transactions, OMTs) starting a new episode of

contagion in the expectations markets in Europe. During this upward trend, two events generated

temporary contagion in the expectations markets. The first event was on December 12, 2012, when

B. Bernanke revealed that the Fed would not increase rates until the US unemployment rate falls

below 6.5%. The second event was on January 3, 2013, when the FMI recognized a significantly

higher impact of austerity policies on the GDP is than estimated (fiscal multiplier of 1.5 instead to

0.5).

The release of disappointing economic figures continues during the first two months of 2013,

explaining the slight contagion of volatility expectations in the EMU and European markets during

this time. However, the maximum spillover (connectedness) of this market was held on February

28, 2013, with the upward revision of US GDP growth in the fourth quarter (from -0.1% to +0.1%).

The investors started to demand stronger economic measures to foster the US economic recovery.

Overseas, the Eurozone finally exited recession on August 14, 2013, reporting the first positive GDP

quarter-on-quarter change of 0.3%, since fourth quarter 2011. At the same time, the influential

figures from Portugal showed a robust recovery from one of its worse recessions in a quarter century.
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Interestingly, the spillover index significantly falls after the release of these figures on that day, in

line with a lower economic turmoil in the Eurozone.

However, despite the good news in August 2013, the economic figures released in 2014 were not

suggesting an early economic recovery. However, the rescue of Portugal’s largest privately owned

bank, Banco Espiritu Santo (BES) in August 2014 contributed to reducing the financial turmoil

in the second half of the year. Finally, president Mario Draghi speech in December 2014, ensuring

that the ECB is ready to take more policy action if needed to revive a struggling euro economy,

also contributed to slow down the market uncertainty. In this environment, the markets were more

concerned about the Russia-Crimea conflict in March 2014 what contributed to higher volatility

expectation connectedness in that month.

The spillover index dynamics reflects the plunge in the Swiss stock market on January 15, 2015,

as a result of abounding its three-year-old peg to the euro. It rallied up just after that day staying

at that level for several days. Mario Draghi speech in January ensuring additional funds to enhance

the EU economic recovery contributed to calm down the markets, fostering fragmented volatility

expectations in Europe. The slight rise in the spillover index on March 11, 2015, holds just when

the euro sinks to a 12-year low in value against the dollar.

Finally, Greece officially defaults on June 30, 2015, making the markets to believe that the

Grexit was highly likely. However, the bailout package for Greece agreed on July 12, 2015 (86

billion euros) calmed down the markets reducing the spillover index and fragmenting the market of

expectations in Europe. Finally, the terrorist attack in Paris, the Chinese stock market bubble, and

the decision of David Cameron to organize the referendum about the Brexit held in the second half

of 2015 contributed to the distress of the European markets generating a rebound of the spillover

index and the market contagion.

[Include here Figure 6]

d. The Brexit period (2015-2018)

This period was characterized by the UK Prime Minister announcement of a referendum to

exit the European Union, and the latter exit decision resulting from the voting. Walker (2018)

differs between four subperiods in the Brexit agenda: (a) “Pre-referendum” from January 14, 2015

to June 22, 2016, (b) “Referendum/General Election” from June 23, 2016 to May 18, 2017, (c)

“General Election/Close of Phase 1” from June 8, 2017 to December 8, 2017 and (d) “Close of

Phase 1/Present” from December 11, 2017 to mid March 2018. This article tries to embrace all of

them.

A critical pre-referendum date is December 17, 2015, when the European Referendum Act, nec-

essary to vote whether to stay or leave the European Union, received the Royal Assent. Just after

that day, the market of volatility expectations fragmented returning to contagion just on Febru-

ary 22, 2016, when the UK Prime Minister David Cameron announced the referendum date. The

polling started to anticipate higher support to the exit of the UK from the EU than expected and

the spillover index reacted to these. Following the referendum on June 23, 2016, and the Prime

Minister’s resignation on June 24, the European volatility expectations market did not change

its level of connectedness while the EMU volatility expectations market shifted more connected.
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Starting July 13, 2016, when Theresa May turned new UK Prime Minister, the EMU market of

volatility expectation became more integrated as the marginal contribution of the UK and Swiss

markets to the European financial market expectations declined, joining the last one until March

29, 2017, when the Prime minister triggered Article 50 that started the leaving process in the UK

from the EU. The EMU joined the European spillover index in January 2017 as the markets began

to discount that the UK exit from the EU has no return. The two spillover indices connect again

later in June 2017 as the formal EU-UK exit negotiations started. Since then, the UK and Swiss

volatility expectations have slightly recovered their role in the dynamics of the European volatility

expectations. However, the reach of an agreement between the EU and the UK about the exit

process on March 19, 2018, shorted once again the distance between the EMU and the European

spillover indices. This suggested either a more integrated EMU market as the UK is out of the EU

or a new role of the UK markets on the volatility expectations generated in the EMU markets as

the UK exits the European Union.

Finally, both spillover indices reflect the VIX-related event on February 5, 2018, when the VIX

significantly peaked in the US markets. This unexpected event (US market shock) contributed to

the market contagion of volatility expectations in Europe.

[Include here Figure 7]

7 A macro-finance approach to the spillover index dynamics

Macro-finance studies the relationship between asset prices dynamics and economic fluctua-

tions. The financial markets emerge as a natural source of funding for firms, and the asset price

dynamics affect the investors’ and the manager decisions. In this context, it is vital to improving

our knowledge on the functioning of the financial markets as well as the states of the nature that

affect the stock returns dynamics, see Cochrane (2017). With this in mind, this section intends

to conclude on the drivers of the spillover dynamics to conclude on the states of the nature that

intensify the contagion and fragmentation of volatility expectations across markets.15

Variations in the investor sentiment due to changes in financial stability, economic forecasts

or political uncertainty may affect the spillover index dynamics, explaining episodes of contagion

and fragmentation of volatility expectations across Europe. The variables to approximate financial,

economic and political uncertainty are the credit-to-GDP ratio, the consumer confidence index, the

economic policy uncertainty index, the VSTOXX, and information from the inflation expectation

surveys.

There is considerable literature recognizing the higher and significant role of the economic policy

uncertainty explaining financial conditions related to market jumps and stock returns (see Baker

et al. (2016), Kostka & Roye (2017), Kaya (2018), among others) through the effect of economic

policy uncertainty on the companies’ decisions and results. This article also includes this series to

15We would expect that the volatility expectations at the European markets tend to increase in periods of financial

turmoil. However, it is difficult to define financial turmoil times. Romer & Romer (2017) estimates a semiannual

financial distress index that goes from one to seven, being one the lowest and seven the highest financial distress. We

relate the dynamics of this financial distress proxy (hereafter, FDRR) with the dynamics of the European spillover

index, and I do not get a meaningful link between the European spillover index dynamics and the level of financial

distress. There are many interpretations of this finding, one of them is that the spillover index dynamics not only

depend on financial turmoil indicators but also on political and economic turmoil, and the spillover dynamics only

responds to unexpected shocks affecting the market shares non-fundamental component, precisely the first to respond

to the financial distress.
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understand the relationship between the spillover and the economic policy uncertainty dynamics.

The monthly European EPU index is downloaded at www.PolicyUncertainty.com from January

2001 to April 2018.

Since the 2008 financial crisis, the credit system has emerged as a likely source of financial in-

stability, with the literature concluding in favor of a significant relationship between credit growth

and the risk of a financial crisis. In particular, Schularick & Taylor (2012) find that higher credit-

to-GDP increases the risk of a financial crisis. Thus, the higher the credit-to-GDP ratio, the higher

the size of the financial sector and the likelihood of financial turmoil. Following the literature, this

article employs the credit-to-GDP ratio in the Euro area to proxy the size of the financial sector and

the financial turmoil risk from 2001 to 2018. The series labeled as “Credit-to-GDP ratios (actual

data) - Euro area - Credit from All sectors to private non-financial sector as a percentage of GDP

(Units) for the Euro Area.” is downloaded from the Bank of International Settlement dataset at

https://www.bis.org/statistics/c gaps.htm?m=6%7C380%7C670. The private non-financial sector

includes non-financial corporations (private- and public-owned), households and non-profit institu-

tions serving households. Arcand et al. (2015) find that “the marginal effect of financial depth on

output growth becomes negative when credit to the private sector reaches 80-100% of GDP.” The

credit-to-GDP series always reaches values higher than 100 making even more interesting control-

ling for this variable in the study of the spillover dynamics. If the volatility expectations contagion

follows times of financial, economic or political turmoil, we would expect a positive relationship

between the credit-to-GDP ratio and the spillover index. From now on, the credit-to-GDP ratio is

the CTG.

The consumer confidence (CCI) is a traditional investor’s sentiment proxy extensively used

in the macro-finance literature to understand the link between asset price dynamics and economic

fluctuations (see Lemmon & Portniaguina (2006), Schmeling (2009) among others) finding evidence

in favor of the consumer confidence information content. We would like to know if higher consumer

confidence signaling potential higher economic growth contributes to the fragmentation of volatil-

ity expectations across markets. If the spillover dynamics explain stock returns, it is necessary to

know the relationships between the first and the consumer confidence index. We download the

monthly European CCI is the “OECD(2018) Consumer confidence index (CCI) (indicator). doi:

10.1787/46434d78-en,” at URL:https://data.oecd.org/leadind/consumer-confidence-index-cci.htm

from January 2001 to April 2018.

We would like to know whether higher expected volatility, approached by the VSTOXX level,

intensifies contagion or fragmentation of volatility expectations across the European markets. An-

swering this question results interesting to enhance our understanding of the returns dynamics.

Bloomberg terminal provides the daily VSTOXX that approaches the European volatility expec-

tation level.

Finally, the quarterly ECB inflation forecast survey at https://www.ecb.europa.eu/stats/ecb

surveys/survey of professional forecasters/html/index.en.html is used to approach the expected in-

flation in Europe. Central banks need to pay attention to uncertainties surrounding the inflation

forecast. Derivatives prices and implied volatilities can shape these uncertainties, and this article

claims that the information flow speed across markets may be inferred from the spillover index

dynamics. Times of volatility expectations contagion suggest times of faster uncertainty sharing

across markets and higher common component in the prices movements. We relate the spillover

dynamics to three inflation-related series: the HCPI inflation rate from the ECB statistics, the
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1-year inflation risk premium (expected inflation one year ahead minus the one-year ahead HCPI

inflation rate), and the inflation forecast one-to-five years ahead slope (difference between the five

and one year ahead inflation forecasts). We would like to know if the actual or the expected inflation

explains contagion or fragmentation of volatility expectations and if a growing inflation forecast

illustrates the flow of volatility expectations across markets.

The equation (13) relates changes in the log-spillover indices e (e = ∆ lnEMU or e = ∆ lnEuropean)

with log-returns of CCI (cci = ∆ lnCCI), EPU (epu = ∆ lnEPU), CTG (ctg = ∆ lnCTG) and

VSTOXX (v = ∆ lnV XSTOXX), and the level of HCPI inflation (π), the forecasting inflation

term structure slope (πet,5Y −πet,1Y ) and the 1-year ahead inflation risk premium (πet−4,1Y −πt). Fi-

nally, we also control for interactions with the economic policy uncertainty index log-return (epu).

This way, all parameters estimate the spillover elasticity to each variable, and the spillover semielas-

ticities for the inflation-related variables. The model is estimated at the quarterly frequency. Table

6 summarizes the estimation results.

et = c+ β1et−1 + β2eput + β3ccit + β4vt + β5ctgt +

β6πt + β7(π
e
t−4,1Y − πt) + β8(π

e
t,5Y − πet,1Y ) +

eput · (β9πt + β10ccit + β11vt + β12ctgt) + εt (13)

[Include here Table 6]

This article assumes that a positive reaction of the spillover index to an unexpected shock means

that the unknown information in such shock is incorporated immediately into the markets so that

the all options market finally price it and include it. Obtained results suggest that the relationship

between the economic policy uncertainty and the dynamics of volatility expectations may depend

on the business cycle and other sources of uncertainty. Thus, if consumer confidence rises, higher

EPU relates to volatility expectations contagion confirming the ability of the volatility expecta-

tions (and derivative markets) to price and spread the economic policy uncertainty across markets.

On the other hand, if the consumer confidence decreases, higher EPU makes the volatility expec-

tations become fragmented across markets. Higher consumer confidence index relates to higher

household consumption, a variable the ECB uses to estimate financial stability measures, assum-

ing that higher household consumption relates to higher households’ ability to overcome economic

downturns. This way we get that when the households increase the ability to overcome the eco-

nomic downturn, the connectedness of volatility expectations market increases with the economic

policy uncertainty. The second uncertainty source affecting the relationship between the EPU and

the spillover index is the credit-to-GDP ratio. A higher credit-to-GDP ratio informs about lower

private-sector financing capacity. Therefore, the positive relationship between EPU and spillover

dynamics intensifies when the private sector credit-to-GDP rises; this is when the private sector

is increasingly credit-constrained and possibly more dependent on financial markets. Finally, the

sensitivity of the spillover index to the EPU dynamics intensifies with the level of VSTOXX, sug-

gesting that changes in the investors’ fear gauge affects the intensity of the former relationship.

Obtained results suggest the fragmentation of volatility expectations in Europe at times of

higher inflation. Traditionally, higher inflation relates to higher uncertainty, so the former result

would suggest the fragmentation of volatility expectations in times of high uncertainty. It is well-

known the negative relationship between inflation and market returns due to the negative impact

of inflation on corporate profits (higher input costs). However, how does inflation affect the flow

of information across markets? Different stock indices exhibit different sensitivity to inflation, as
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explained by the diverse stock index composition, so higher inflation would reduce the stock prices

differently contributing to the fragmentation of the volatility expectations, which become much

more related to the domestic stock index sector composition. On the other hand, comparing fore-

casting inflations for one and five years ahead, we find that an upward sloping forecast inflation

term structure relates to times of contagion of volatility expectations. In fact, a more accurate

inflation forecast (lower expected-realized gap) enhances the convergence of volatility expectations

across European markets. Central Banks may use mentioned results to understand the sensitivity

of the information flow across markets to the investor’s expected inflation.

Higher consumer confidence intensifies the positive relationship between the EPU and the

spillover dynamics, suggesting the more significant role of volatility expectations riding the economic

policy uncertainty across markets when the household consumption is expected to rise. Finally, the

VSTOXX level also affects the spillover index sensitivity to economic policy uncertainty, increasing

the former when the VSTOXX rises. This result admits several interpretations. In the elaboration

of financial stability measures, higher market volatility implies an active price discovery process

that facilitates the flow of information and the markets contagion, but we must also consider that

higher market risk may affect the market liquidity reducing the flow of information across markets.

The obtained result would support the first theory.

Previous results emerge for the whole period and the European markets. When we differen-

tiate between two periods, before and after the financial crisis, the sensitivity of the volatility

expectations market to economic policy uncertainty is mainly driven by changes in the consumer

confidence and the credit-to-GDP ratio, what is probably explained by the resulting financial con-

strained economies, after the crisis. If we only consider the connection among volatility expectations

in the EMU countries, we find the spillover index sensitive to the EPU dynamics but this relation-

ship is only explained by the HCPI inflation and the credit-to-GDP ratio dynamics. Unlike the

European spillover, the consumer confidence does not relate the EMU spillover dynamics in any

period.

[Include here Table 6]

Overall, we find the spillover dynamics sensitive to the economic policy uncertainty, current and

expected inflation and the credit-to-GDP ratio dynamics. This empirical result confirms the role

of the derivatives market to incorporate different sources of uncertainty in the financial markets

and brings light in the interactions between the former and the investor’s uncertainty contained in

the volatility expectations. This result contributes to increasing the policymakers understanding

of the dynamics and interaction of different sources of uncertainty involved in the monetary policy

transmission mechanisms.

8 The spillover index and the market returns

If the dynamics of a spillover index informs about changes on market integration (in this case

the market of volatility expectations), we would like to conclude on the different dynamics of re-

turns in volatility expectations contagion and fragmentation scenarios. Is it worthwhile to know

the volatility expectations scenario to understand changes in the dynamics of returns in Europe?

This section brings some light to this question focusing on a significant characteristic of the returns

dynamics, the leverage effect.
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The leverage effect informs about the negative and significant relationship between the stock

returns and the expected volatility (volatility index). Is this relationship stronger when the market

of volatility expectations is more integrated? How sensitive is the leverage effect to the level of

integration of this market (to the spillover dynamics)? The following two models are estimated for

each stock market i, where Vi is the i-th volatility index, and E is the European spillover index.

∆ lnSit = α+ β1∆ lnVit + εt (14)

∆ lnSit = α+ β1∆ lnVit + β2∆ lnEt + β3∆ lnEt ·∆ lnVit + εt (15)

The estimation results in Table 7 show that on average stronger leverage effects relate to times

of contagion (∆ lnE > 0), mostly during the 2007 financial crisis, when the relationship between

the spillover index and the leverage effect becomes significantly stronger.

[Include here Table 7]

9 Conclusions

This paper intends to understand the channels that drive the spillover of volatility expectations

across markets. Using the European financial markets as a lab, this paper provides evidence that

supports the critical role of the financial, economic and political uncertainty in the integration of

volatility expectations, as well as reports evidence in favor of the ability of the options market

to price these sources of uncertainty. We relate the log-ratio of six major European model-free

volatility indices for the UK, Switzerland, France, Germany, The Netherlands, and Spain, to the

VSTOXX from January 2001 to April 2018 in a VAR framework and estimate the spillover index

following the methodology proposed by Diebold & Yilmaz (2012). The log-ratios makes it possible

to focus on shocks driving the “excess of correlation” between the indices. The resulting spillover

index fits the major financial, economic and political events in the last sixteen years. This result

confirms Kelly et al. (2016), who conclude that the options market can price the political risk, but

also provides evidence in favor of the ability of options markets to price economic and financial risks

as well as the significant information contained in the log-ratio of volatility indices. The resulting

spillover indices can be used to understand the sensitivity of the markets to the significant turmoil

episodes in recent years.

From comparing the spillover indices with and without the expectations generated at the UK,

and the Swiss markets, the results suggest higher integration of volatility expectations in Europe

when the expectations quoted in the UK and Swiss (non-EMU) are included (mostly during the

financial crisis), although this role seems to deteriorate after the Brexit. The next question is if the

Brexit process may be seen as a source of fragmentation of the volatility expectations market in

Europe, which would suggest a new role of the UK and the Swiss financial markets in the generation

of volatility expectations in Europe. Especially when the volatility expectations in the EMU area

seem more integrated after Brexit. Further analysis, in final version of the paper, is required to

understand and interpret the drivers of this dynamics.

Attending to the factors that may drive the spillover dynamics we conclude that, while higher

financial uncertainty enhances market contagion, as the literature suggests, higher economic pol-

icy uncertainty does not always foster contagion. It does it only at times of growing consumer

confidence, inflation rate or private Credit-to-GDP ratio, as well as in times of growing financial
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market uncertainty, confirming a non-linear relationship between the spillover index dynamics and

economic policy uncertainty.

Finally, we study the relationship between the European spillover index dynamics and market

returns, to understand the economic meaning of the first. We find evidence in favor of the sig-

nificant relationship between the degree of market integration for the volatility expectations and

the leverage effect in these markets, that increases significantly in times of contagion and decreases

with fragmentation. From a policymaker perspective, the spillover index results useful to proxy

the degree of integration of the (volatility) expectations market in Europe. Periods of contagion

enhance the policy effectiveness (shocks easily transferred across markets) so policymakers could

flag past episodes of fragmentation or contagion of volatility expectations in the financial markets,

in the sake of improving their future policy timing. Another use of spillover indices is related to the

growing interest in understanding how central bank’s communications affect macroeconomics and

financial markets (forward guidance) and on the role of financial markets on spreading the effect of

their policies. Portfolio managers could also use this spillover index to differ between the times of

contagion and fragmentation in the volatility expectation market. The information provided by the

spillover index will help to decide whether hedge the portfolio against shocks with a more specific

domestic (less liquid and more expensive) volatility index or hedge the same asset portfolio with

the cheapest volatility index (periods of contagion where both volatility indices will be highly likely

affected by the same unexpected shock).
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A The VIBEX

The Sociedad de Bolsas (the Spanish Stock Exchange) started to compute and disseminate in

2017 an official volatility index for the IBEX-35, the VIBEX.16 The VIBEX index relies on the ATM

implied volatilities generated from the call and put options prices on the IBEX-35 futures, using

the Black and Scholes option model. For the common sample, both the VIBEX and the VIBEXN

report similar statistical properties (see Table 2). Indeed, both series correlate with the IBEX-35

returns at a similar value (R2 ≈ 50%). However, the VIBEXN is based on a wider strike range

of options prices than the VIBEX, what makes the VIBEXN to include information from a wider

set of liquidity providers. Moreover, the VIBEX is a model-based index while the other volatility

indices considered in this paper are model-based, just like the VIBEXN. Second, the VIBEXN

sample starts at 2000 (vs 2007 for the VIBEX) what might be of importance for the robustness of

the results. I therefore use the VIBEXN in this article as the Spanish model-free volatility index.

Table 2: Main descriptive statistics for VIBEX and VIBEXN (level and returns). Common sample

(2007-2016).

Panel A: Levels Panel B: log-returns

VIBEXN VIBEX IBEX35 VIBEX VIBEXN

Mean 27.02 25.87 -0.02 0.01 0.01

Median 24.95 23.74 0.05 -0.35 -0.19

S.E. 8.67 8.58 1.66 5.46 5.56

Skewness 1.64 1.70 -0.09 0.46 0.41

Kurtosis 7.00 7.34 9.21 4.98 5.73

p25 20.96 19.90 -0.85 -3.14 -3.11

p75 30.56 29.05 0.83 2.87 2.87

n 2461 2461 2461 2461 2461

α̂ -0.02 -0.02 0.00 0.00 0.00

β̂ -0.21 -0.21 0.00 0.00 0.00

S.E.(α̂) 0.02 0.02 0.00 0.00 0.00

S.E.(β̂) 0.00 0.00 0.00 0.00 0.00

R2 0.49 0.51 0.00 0.00 0.00

B Tables and Figures

Table 3: OLS regression: lnVi,t = β lnV STOXXt + εt. Sample: January 4, 2000, to April 19,

2018.

VFTSE VCAC VDAX VSMI VAEX VIBEXN

β 0.9297 0.9801 0.9917 0.9163 0.9740 0.9941

S.E. 0.0006 0.0003 0.0004 0.0006 0.0006 0.0008

R̄ 0.8891 0.9753 0.9451 0.8734 0.9001 0.8220

n 4115 4115 4115 4115 4115 4115

16See at: http://www.bmerv.es/docs/SBolsas/InformesSB/IBEX Estrategias Derivados/VIBEX.pdfThe linear

correlation between VIBEX and VIBEXN is 0.99 at levels and 0.94 in first differences.
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Table 4: Descriptive statistics. Sample: January 4, 2000, to April 19, 2018.

Panel A: Levels

VSTOXX VFTSE VCAC VDAX VSMI VAEX VIBEXN

Mean 24.31 19.54 22.80 23.74 18.85 22.60 24.08

Median 22.26 17.32 20.99 21.19 16.37 19.68 22.91

Stand.Error 9.71 8.68 8.90 9.74 8.11 10.47 9.17

Skewness 1.65 1.91 1.68 1.80 2.27 1.83 1.17

Kurtosis 6.58 8.44 7.00 6.99 10.21 6.93 5.39

p25 17.54 13.40 16.63 17.29 13.75 15.45 17.71

p75 27.73 22.76 25.96 26.92 20.80 26.15 28.44

n 4524 4524 4524 4524 4524 4524 4524

VFTSE 0.958 1.000 0.954 0.938 0.957 0.946 0.876

VCAC 0.986 0.954 1.000 0.968 0.944 0.960 0.905

VDAX 0.980 0.938 0.968 1.000 0.952 0.974 0.845

VSMI 0.948 0.957 0.944 0.952 1.000 0.958 0.835

VAEX 0.965 0.946 0.960 0.974 0.958 1.000 0.825

VIBEXN 0.914 0.876 0.905 0.845 0.835 0.825 1.000

Panel B: Returns

VSTOXX VFTSE VCAC VDAX VSMI VAEX VIBEXN

Mean -0.02 -0.02 -0.02 -0.02 -0.01 -0.02 -0.02

Median -0.44 -0.33 -0.27 -0.30 -0.38 -0.33 -0.34

Stand.Error 6.10 6.76 6.38 5.62 5.30 6.06 5.08

Skewness 0.60 0.30 0.46 0.53 0.57 0.50 0.41

Kurtosis 7.46 6.37 8.12 6.56 6.29 6.39 6.17

p25 -3.56 -3.93 -3.60 -3.36 -3.18 -3.48 -2.86

p75 3.02 3.42 3.04 2.90 2.67 3.03 2.58

n 4523 4523 4523 4523 4523 4523 4523

VFTSE 0.791 1.000 0.713 0.784 0.747 0.806 0.624

VCAC 0.819 0.713 1.000 0.787 0.723 0.804 0.652

VDAX 0.921 0.784 0.787 1.000 0.817 0.857 0.701

VSMI 0.820 0.747 0.723 0.817 1.000 0.798 0.685

VAEX 0.874 0.806 0.804 0.857 0.798 1.000 0.693

VIBEXN 0.718 0.624 0.652 0.701 0.685 0.693 1.000

Panel C: Spreads

SVFTSE SVCAC SVDAX SVSMI SVAEX SVIBEXN

Mean -23.11 -6.17 -2.47 -25.68 -9.11 -1.07

Median -23.24 -5.75 -1.94 -25.27 -8.85 0.29

Stand.Error 11.83 5.43 7.95 12.59 11.62 15.37

Skewness 0.15 -1.03 -0.43 -0.24 -0.01 -0.00

Kurtosis 3.66 8.81 3.25 3.11 2.57 2.89

p25 -30.78 -9.02 -7.03 -33.44 -18.09 -12.04

p75 -15.47 -2.90 3.07 -17.12 -0.54 9.17

n 4524 4524 4524 4524 4524 4524

SVCAC 0.187 1.000 0.085 0.199 0.153 -0.018

SVDAX 0.048 0.085 1.000 0.409 0.573 -0.617

SVSMI 0.449 0.199 0.409 1.000 0.456 -0.251

SVAEX 0.326 0.153 0.573 0.456 1.000 -0.633

SVIBEXN -0.091 -0.018 -0.617 -0.251 -0.633 1.000
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Table 5: Main Descriptive Statistics. Spillover indices, European vs EMU. Different subperiods vs

All sample (2001-2018)

Panel A

Spillover 2001-2018 2001-2006 2006-2009 2009-2015 2015-2018

(level) European EMU European EMU European EMU European EMU European EMU

mean 0.6572 0.5613 0.6763 0.5895 0.6588 0.5700 0.6525 0.5316 0.6286 0.5457

median 0.6564 0.5698 0.6849 0.5970 0.6573 0.5799 0.6520 0.5313 0.6301 0.5343

std.err. 0.0432 0.0574 0.0428 0.0422 0.0407 0.0510 0.0392 0.0607 0.0360 0.0534

skew. -0.0925 -0.5096 -0.4944 -1.053 -0.4885 -0.8582 -0.1891 0.0432 0.1367 0.0445

kurt. 2.3808 2.7157 2.1693 4.2832 4.0689 4.2311 3.1151 2.5618 2.1532 2.2824

max 0.7576 0.7086 0.7545 0.6646 0.7435 0.7086 0.7459 0.6742 0.7576 0.6919

min 0.4942 0.3973 0.5734 0.4488 0.4942 0.3973 0.4942 0.3973 0.5577 0.4257

p25 0.6271 0.5226 0.6398 0.5680 0.6357 0.5395 0.6266 0.4953 0.5942 0.5059

p75 0.6898 0.6038 0.7138 0.6156 0.6831 0.6071 0.6807 0.5711 0.6538 0.5966

ρ̂1 0.9904 0.9925 0.9926 0.9888 0.9914 0.9934 0.9910 0.9944 0.9749 0.9880

ρ̂2 0.0090 0.0632 0.0461 0.0413 -0.2111 -0.0031 -0.0055 0.0045 0.1125 0.1783

ρ̂3 0.0579 0.0633 0.0334 0.0418 0.1152 0.1007 0.0219 0.0275 0.1126 0.1147

n 4,268 4,268 1,452 1,452 991 991 1,748 1,748 824 824

Panel B

∆ lnSpillover 2001-2018 2001-2006 2006-2009 2009-2015 2015-2018

(% change) European EMU European EMU European EMU European EMU European EMU

mean -0.0029 0.0006 -0.0067 0.0005 -0.0184 -0.0393 -0.0025 -0.0076 0.0026 0.0204

median -0.0091 0.0100 -0.0117 0.02342 -0.0272 -0.0167 0.0075 0.0167 -0.0162 0.0038

std.err. 0.9071 1.2711 0.7685 1.1178 0.8572 1.2273 0.8199 1.2229 1.2407 1.5047

skew. 2.2532 0.9450 0.4619 -0.6444 1.1139 0.8394 -0.3282 -0.6053 4.0884 3.2531

kurt. 59.0200 28.4400 24.0270 19.6380 26.5020 15.7330 14.7860 13.9810 72.1580 46.8430

max 18.3290 19.5480 7.1160 6.7886 8.6716 9.1647 6.2260 7.5068 18.3290 19.5480

min -9.6629 -11.5670 -6.6417 -11.0990 -6.2451 -8.7416 -6.2451 -11.5670 -9.6629 -9.2289

p25 -0.3197 -0.4626 -0.2892 -0.4132 -0.3126 -0.4797 -0.3061 -0.4623 -0.3934 -0.5013

p75 0.2896 0.4329 0.2628 0.3771 0.2260 0.3698 0.3258 0.4661 0.3273 0.4480

ρ̂1 -0.0055 -0.0667 -0.0443 -0.0616 0.2107 0.0004 0.0090 -0.0123 -0.1081 -0.1682

ρ̂2 -0.0586 -0.0566 -0.0425 -0.0408 -0.1272 -0.0940 -0.0288 -0.0190 -0.1033 -0.1142

ρ̂3 0.0082 -0.0177 0.0026 -0.0487 -0.0631 0.0294 0.0050 -0.0134 0.0307 -0.0131

n 4,267 4,267 1,451 1,451 990 990 1,747 1,747 823 823

28



Table 6: Estimation results. Quarterly European and EMU spillover dynamics versus macro-

finance variables that help to explain the business cycle (the economic policy uncertainty, the

consumer confidence index, the VSTOXX, the credit-to-GDP ratio, the HCPI actual inflation and

expectations for 1 to 5 years ahead, and interactions). Pre and post-crisis periods.

European EMU

2001-18 2001-09 2010-18 2001-18 2001-09 2010-18

c −0.03
(−3.77)

−0.16
(−7.54)

−0.05
(−3.46)

−0.01
(−0.51)

−0.13
(−2.72)

0.00
(0.18)

et−1 −0.06
(−1.43)

−0.40
(−2.86)

−0.02
(−0.34)

0.15
(1.24)

−0.11
(−0.58)

0.24
(1.62)

eput −0.04
(−2.32)

−0.51
(−5.14)

−0.03
(−0.63)

−0.08
(−3.51)

−0.55
(−2.87)

−0.16
(−3.39)

ccit 1.83
(2.35)

6.92
(4.55)

3.53
(2.01)

0.75
(0.63)

2.42
(0.75)

2.66
(0.77)

vt 0.01
(0.59)

0.03
(0.91)

0.09
(3.45)

−0.01
(−0.35)

0.08
(1.70)

0.05
(0.72)

ctgt 0.01
(3.15)

0.04
(7.80)

−0.01
(−1.61)

0.00
(0.94)

0.04
(2.71)

−0.02
(−1.40)

πt −1.12
(−1.70)

0.69
(0.81)

−2.17
(−2.30)

−2.27
(−2.49)

0.31
(0.23)

−1.81
(−1.52)

πet−4,1Y − πt −0.01
(−3.38)

−0.01
(−2.74)

−0.04
(−2.85)

−0.02
(−2.67)

−0.03
(−2.97)

−0.04
(−1.93)

πet,5Y − πet,1Y 0.13
(3.92)

0.24
(2.36)

0.35
(3.77)

0.05
(0.74)

0.02
(0.14)

0.19
(1.13)

epu · πt 0.02
(2.67)

0.17
(4.51)

0.01
(0.16)

0.05
(2.64)

0.15
(1.87)

0.08
(2.81)

epu · ccit 12.34
(2.78)

37.08
(2.27)

19.29
(3.92)

4.91
(0.42)

14.61
(0.43)

18.29
(1.30)

epu · vt 0.18
(4.25)

0.54
(2.77)

0.06
(0.47)

0.08
(0.68)

0.35
(0.87)

−0.24
(−1.35)

epu · ctgt 9.50
(5.92)

23.93
(3.40)

12.41
(4.18)

9.75
(2.85)

20.96
(1.65)

3.49
(0.72)

R2 0.33 0.60 0.43 0.26 0.61 0.33

n 52 23 28 52 23 28

European EMU

2001-18 2001-09 2010-18 2001-18 2001-09 2010-18

c - - - 0 - 0

et−1 0 - 0 0 0 0

eput - - 0 - - -

ccit + + + 0 0 0

vt 0 0 + 0 + 0

ctgt + + 0 0 + 0

πt - 0 - - 0 0

πet−4,1Y − πt - - - - - -

πet,5Y − πet,1Y + + + 0 0 0

epu · πt + + 0 + + +

epu · ccit + + + 0 0 0

epu · vt + + 0 0 0 0

epu · ctgt + + + + + 0
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Table 7: The European spillover index and the market returns. Daily returns for each market

relative to changes in each volatility index (V ), controlling for movements in the European spillover

index (E).

FTSE CAC DAX SMI AEX IBEX

2001-2018 [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2]

constant 0.00
(0.36)

0.00
(0.60)

0.00
(−0.15)

0.00
(−0.09)

0.00
(1.06)

0.00
(1.12)

0.00
(0.37)

0.00
(0.45)

0.00
(−0.23)

0.00
(−0.15)

0.00
(−0.05)

0.00
(0.21)

∆ lnVi −0.12
(−21.18)

−0.12
(−21.60)

−0.15
(−23.53)

−0.15
(−24.70)

−0.19
(−26.05)

−0.19
(−26.18)

−0.15
(−23.92)

−0.15
(−23.69)

−0.16
(−20.82)

−0.16
(−21.38)

−0.20
(−21.64)

−0.20
(−22.91)

∆ lnE −0.01
(−0.68)

−0.06
(−2.21)

−0.02
(−0.84)

−0.04
(−1.71)

−0.04
(−1.57)

0.00
(−0.05)

∆ lnE ·∆ lnVi −0.85
(−2.00)

−1.43
(−2.47)

−0.40
(−0.76)

−0.39
(−0.70)

−0.73
(−1.34)

−2.04
(−3.25)

σ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

R̄2 0.47 0.48 0.40 0.41 0.50 0.50 0.42 0.42 0.44 0.44 0.46 0.46

DW 2.12 2.11 2.18 2.17 1.98 1.98 2.00 2.00 2.01 2.00 2.12 2.10

n 4163 4163 4163 4163 4163 4163 4163 4163 4163 4163 4163 4163

2001-2006 [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2]

constant 0.00
(−0.16)

0.00
(−0.17)

0.00
(−0.20)

0.00
(−0.20)

0.00
(−0.10)

0.00
(−0.10)

0.00
(0.35)

0.00
(0.36)

0.00
(−0.68)

0.00
(−0.68)

0.00
(0.78)

0.00
(0.74)

∆ lnVi −0.15
(−13.85)

−0.15
(−13.68)

−0.16
(−9.92)

−0.16
(−0.12)

−0.24
(−14.23)

−0.24
(−13.98)

−0.17
(−12.39)

−0.17
(−12.20)

−0.20
(−11.98)

−0.20
(−11.79)

−0.21
(−12.82)

−0.21
(−12.83)

∆ lnE −0.01
(−0.35)

−0.12
(−1.73)

−0.04
(−0.79)

−0.04
(−0.89)

−0.05
(−1.21)

−0.04
(−0.97)

∆ lnE ·∆ lnVi 0.00
(0.00)

−2.95
(−2.67)

−0.16
(−0.38)

−0.19
(−0.23)

−0.06
(−0.10)

0.22
(0.17)

σ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

R̄2 0.53 0.53 0.30 0.32 0.50 0.50 0.39 0.39 0.41 0.41 0.46 0.46

DW 2.07 2.07 2.07 2.05 2.04 2.04 2.01 2.01 1.96 1.97 2.06 2.10

n 1426 1426 1426 1426 1426 1426 1426 1426 1426 1426 1426 4163

2006-2009 [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2]

constant 0.00
(0.21)

0.00
(0.62)

0.00
(−0.67)

0.00
(−0.38)

0.00
(0.55)

0.00
(0.89)

0.00
(−0.35)

0.00
(0.05)

0.00
(−0.43)

0.00
(−0.26)

0.00
(0.66)

0.00
(1.05)

∆ lnVi −0.18
(−14.62)

−0.18
(−15.52)

−0.16
(−14.14)

−0.16
(−15.72)

−0.21
(−16.38)

−0.21
(−16.01)

−0.17
(−10.18)

−0.17
(−9.84)

−0.21
(−9.42)

−0.20
(−9.68)

−0.21
(−10.97)

−0.21
(−11.64)

∆ lnE 0.02
(0.27)

−0.10
(−2.14)

0.05
(0.51)

0.03
(0.45)

−0.01
(−0.98)

0.05
(0.74)

∆ lnE ·∆ lnVi −2.32
(−2.57)

−1.02
(−1.48)

−1.86
(−2.58)

−3.36
(−2.31)

−3.27
(−2.06)

−2.43
(−3.00)

σ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

R̄2 0.51 0.52 0.39 0.39 0.48 0.49 0.33 0.34 0.45 0.46 0.51 0.52

DW 2.23 2.17 2.49 2.47 2.13 2.11 2.15 2.11 2.16 2.90 2.12 2.06

n 986 986 986 986 986 986 986 986 986 986 986 986

2009-2015 [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2]

constant 0.00
(0.76)

0.00
(0.87)

0.00
(0.66)

0.00
(0.77)

0.00
(1.59)

0.00
(1.59)

0.00
(1.05)

0.00
(1.05)

0.00
(1.21)

0.00
(1.27)

0.00
(−0.20)

0.00
(−0.23)

∆ lnVi −0.11
(−18.77)

−0.11
(−19.43)

−0.16
(−23.90)

−0.16
(−25.24)

−0.18
(−23.48)

−0.18
(−23.50)

−0.14
(−21.33)

−0.14
(−21.44)

−0.14
(−22.53)

−0.14
(−22.75)

−0.21
(−20.71)

−0.21
(−21.94)

∆ lnE 0.00
(0.00)

−0.01
(−0.22)

−0.02
(−0.73)

−0.03
(−1.23)

−0.01
(−0.21)

0.00
(−0.09)

∆ lnE ·∆ lnVi −0.81
(−2.32)

−1.52
(−2.87)

0.01
(0.02)

−0.09
(−0.22)

−0.80
(−1.37)

−2.47
(−1.77)

σ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

R̄2 0.51 0.51 0.52 0.52 0.57 0.57 0.56 0.56 0.54 0.54 0.49 0.50

DW 2.03 2.02 2.12 2.12 1.89 1.89 1.91 1.91 1.96 1.96 2.16 2.14

n 1727 1727 1727 1727 1727 1727 1727 1727 1727 1727 1727 1727

2015-2018 [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2] [M1] [M2]

constant 0.00
(0.83)

0.00
(0.85)

0.00
(0.95)

0.00
(0.94)

0.00
(1.06)

0.00
(1.06)

0.00
(0.03)

0.00
(0.01)

0.00
(1.20)

0.00
(1.26)

0.00
(−0.21)

0.00
(−0.12)

∆ lnVi −0.09
(−11.11)

−0.09
(−11.12)

−0.12
(−8.39)

−0.12
(−8.31)

−0.15
(−11.20)

−0.15
(−11.10)

−0.12
(−9.93)

−0.12
(−10.25)

−0.13
(−10.94)

−0.13
(−11.04)

−0.13
(−8.71)

−0.14
(−9.11)

∆ lnE 0.01
(0.27)

0.00
(−0.06)

−0.01
(−0.41)

−0.03
(−0.57)

0.00
(0.02)

0.01
(0.22)

∆ lnE ·∆ lnVi 0.23
(0.75)

0.67
(0.72)

0.62
(1.12)

0.61
(1.40)

0.95
(1.48)

−1.49
(−2.46)

σ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

R̄2 0.52 0.52 0.49 0.50 0.54 0.54 0.55 0.55 0.58 0.59 0.37 0.37

DW 2.00 2.00 1.89 1.88 1.73 1.73 1.89 1.90 1.81 1.79 2.13 2.13

n 763 763 763 763 763 763 763 763 763 763 763 763
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Figure 1: Daily closing volatility indices and volatility spreads. Sample: January 4, 2000, to April

19, 2018.
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Figure 2: European Spillover Index. Sample: January 1, 2001 - April 19, 2018. The average total

spillover index across forecasting horizons from 2 to 25 days in blue.The upper and lower bounds

are the 95th and 5th percentiles, respectively.

Figure 3: Spillover indices. Sample: January 1, 2001 - April 19, 2018.

Panel A: DY12 spillover index Sg, and DY09 spillover index SSg.

Panel B: European and EMU DY12 spillover index

32



Figure 4: EMU and European Spillover indices and (i) Consumer Confidence Index (CCI), (ii)

Economic Policy Uncertainty (EPU) and (iii) Real Effective Exchange Rate (REER). Sample:

2001-2006

Panel A: EMU (red) and European (black) spillover indices and key-event times (cyan)

Panel B: Spillover indices and the CCI (green, right axis)

Panel C: Spillover indices and the EPU (blue, right axis)

Panel D: Spillover indices and the Credit-to-GDP ratio for the Euro area
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Figure 5: EMU and European Spillover indices and (i) Consumer Confidence Index (CCI), (ii)

Economic Policy Uncertainty (EPU) and (iii) Real Effective Exchange Rate (REER). Sample:

2006-2009

Panel A: EMU (red) and European (black) spillover indices and key-event times (cyan)

Panel B: Spillover indices and the CCI (green, right axis)

Panel C: Spillover indices and the EPU (blue, right axis)

Panel D: Spillover indices and the Credit-to-GDP ratio for the Euro area
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Figure 6: EMU and European Spillover indices and (i) Consumer Confidence Index (CCI), (ii)

Economic Policy Uncertainty (EPU) and (iii) Real Effective Exchange Rate (REER). Sample:

2009-2015

Panel A: EMU (red) and European (black) spillover indices and key-event times (cyan)

Panel B: Spillover indices and the CCI (green, right axis)

Panel C: Spillover indices and the EPU (blue, right axis)

Panel D: Spillover indices and the Credit-to-GDP ratio for the Euro area
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Figure 7: EMU and European Spillover indices and (i) Consumer Confidence Index (CCI), (ii)

Economic Policy Uncertainty (EPU) and (iii) Real Effective Exchange Rate (REER). Sample:

2015-2018

Panel A: EMU (red) and European (black) spillover indices and key-event times (cyan)

Panel B: Spillover indices and the CCI (green, right axis)

Panel C: Spillover indices and the EPU (blue, right axis)

Panel D: Spillover indices and the Credit-to-GDP ratio for the Euro area
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