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Abstract

Although there is by now strong evidence that sovereign risk
premia are driven by a common factor, little is known about
the detailed linkages between sovereign bond markets. We
employ the VAR method by Diebold and Yilmaz (2009) to
analyse the strength and direction of bilateral linkages
between EU sovereign bond markets using daily data on
sovereign bond yield spreads and a common factor. The
forecast-error variance decomposition of this FAVAR
indicates a lot of heterogeneity in the bilateral spillover sent
and received between bond markets. Spillover is more
important than domestic factors for all eurozone countries.
The CE countries mostly affect each other. Only Denmark,
Sweden and the UK are rather insulated from spillover. The
spillover has increased substantially since 2007, despite
starting from a high level. We use this framework to measure
the impact of sovereign rating news and analyse the dynamic
linkages between spreads and the ratings of the main credit
rating agencies. We find a two-sided relation between rating
news and sovereign risk premia. The spillover of rating news
is very heterogeneous, and it is substantially stronger for
downgrades at lower grades. The impact is often weaker
domestically than on bond spreads of other sovereigns.
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Nontechnical Summary

Financial integration has increased the interdependence between asset markets, and in particular
sovereign bond markets. The European debt crisis shows that fiscal trouble can transmit in
unexpectedly fast ways even between sovereign bond markets. Such spillover is supposedly
driven by conditions on global financial markets that reflect risk aversion. Empirical studies
typically confirm the rising importance of external factors in determining the evolution of yields on
domestic bond markets. However, as these studies proxy the global factor with some aggregate
measure of international market developments we can infer little on the transmission channel
behind the spillover, and it is hard to explain the feedback between different sovereign bond

markets. The spillover should not be equally strong between all markets simultaneously.

In this paper we analyse the bilateral linkages between EU sovereign bond markets over time
using forecast-error variance decompositions from a VAR with daily data since 2000 on the
sovereign bond yield spreads of the EU countries. The method allows us to measure the spillover
from shocks to a specific sovereign bond market to all other markets. The specific control for
common factors and the time-varying framework are viable for uncovering spillover of a

contagious nature.

Our results indicate the presence of significant spillover between the sovereign bond markets of
EU countries over the whole previous decade. This should not come as a surprise given financial
and economic integration in the EU. However, the spillover has increased substantially and
permanently since the start of the financial crisis, which arguably indicates the presence of
contagion. Moreover, there is a lot of heterogeneity in the bilateral spillover sent and received
between specific sovereign bond markets. While spillover is more important than domestic factors
for all EMU countries, the CE countries affect only each other, and Denmark, Sweden and the UK

are insulated from the impact of other EU countries.

We then check whether sovereign rating news is responsible for this increased spillover and
analyse the dynamic linkages between sovereign spreads and sovereign rating actions in our
VAR framework. In line with existing evidence from event studies, we find that the overall effect of
rating news on sovereign risk premia is limited, which is consistent with the claim that most rating
actions do not come as a surprise for the markets. However, the rating spillover is again very
heterogeneous across the types of rating action and across countries. In particular, the impact
and the spillover are stronger for downgrades, especially at the lower end of the rating scale. The

impact is often even stronger on the bond spreads of other sovereigns than domestically.
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1. Introduction

Losses on some subprime loans in US banks have had global consequences, as uncovered debt
positions consequently created a snowball debt effect that brought down major financial
institutions in both the US and Europe. The ensuing financial crisis called for policy intervention,
not just by central banks, but also out of the deep pockets of the tax payer. Massive public aid
provided to the financial sector, together with falling tax revenues and spending on recovery plans
to withstand the economic fall-out of the financial collapse, unleashed a feedback loop between
banking and sovereign debt crisis. This financial-fiscal crisis is characterised by the speed of
transmission and the strength of the feedback linkages across borders and financial markets. The
sovereign debt crisis in the eurozone is the latest chapter in this financial crisis. Rising sovereign
credit risk not only reflects structural imbalances and economic divergences, but also has a

common component because of monetary policy and linkages in the banking market.

The potency of spillover across sovereign bond markets should not come as a surprise. Financial
and economic integration has been a gradual process, stimulated by several rounds of capital
account liberalisation, financial deregulation and innovation, and the introduction of the euro (Lane
and Milesi-Ferretti, 2008). Integration has not been limited to capital and stock markets. Bond
markets have become more interconnected too. Whereas in the past, only countries with high
levels of domestic savings and developed financial systems (based on bank financing) could
issue debt, many governments can now tap into international capital markets (Caballero and
Krishnamurthy, 2004). In the eurozone, integration has made bond portfolios increasingly
internationally diversified (De Santis and Gérard, 2009). Issuance in a common currency has
motivated debt managers to compete for investors from other countries willing to diversify their
portfolio by increasing the volume of new debt issues. Improved transparency and the elimination
of some technical obstacles (such as trading systems and tax differences) has further reduced
home bias and promoted integration of bond markets (Baele et al., 2004; Pagano and Von
Thadden, 2004). As a consequence, EU governments have diversified around half of their debt to
a pool of mostly European creditors (BIS, 2011). However, the recent debt crisis has reversed the
trend, triggering withdrawal of foreign investors and increasing the home bias again (Andritzky,
2012).

Empirical studies confirm the rising importance of external factors in determining the evolution of
yields on domestic bond markets. Sovereign bond yield spreads should compensate investors for
default risk, transaction costs (liquidity premium) and exchange rate fluctuations. If investors are

able to distinguish markets, the spread should depend only on these idiosyncratic variables.
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However, their explanatory power is rather limited for European sovereign bond yield spreads.
Instead, conditions on international financial markets may largely explain its dynamics (Codogno
et al., 2003; Sgherri and Zoli, 2009; Schuknecht et al., 2011; Bernoth et al., 2006; Favero and
Missale, 2012). This so-called ‘common factor’ is argued to reflect generalised risk aversion on
international markets. Global investors adjust their bond portfolios when worldwide economic
conditions change. This is what happened early in the financial crisis: a surge in global risk
aversion (Mody, 2009) and risk of contagion (Caceres et al., 2010) were significant factors behind
the increase in European sovereign spreads. ldiosyncratic factors were mostly related to the
threats that the size of the rescue packages and the position of the domestic banking sector pose
for public debt (Ejsing et al., 2011; Attinasi et al., 2010; Gerlach et al., 2010). Investors seem to
have been particularly sensitive to such bad fundamentals and dropped bonds quickly at times of
increased turbulence on financial markets (Favero and Missale, 2012). Once the financial crisis
turned into an economic crisis, the initially expansionary fiscal policy response revealed the cost
to already burdened government budgets. As a consequence, default risk and liquidity risk started
to rise and the fiscal position became the main determinant of changes in bond spreads (Haugh et
al., 2009; Sgherri and Zoli, 2009; Barrios et al., 2009; Schuknecht et al., 2011). However,
problems on some sovereign markets, such as Greece, Portugal and Ireland, then started to
spread to other eurozone countries via the debt holdings of the large European banks. The
feedback from sovereign to banking trouble transmitted internationally to affect all large European
banks (Merler and Pisani-Ferry, 2012). A heated discussion in the literature debates if bond
spreads are determined by purely domestic elements or if spillover drives them. In the former
case, markets correctly appraise the fundamental drivers of spreads (Manasse and Trigilia, 2011).
In the latter situation, there is mispricing and markets are susceptible to be pushed towards bad
equilibria (Broto and Perez-Quiros, 2011; De Grauwe and Ji, 2012). Policy responses would also

need to be dramatically different in both cases.

Most empirical studies cannot detail the transmission channels behind the spillover, as they
typically proxy the global factor with some aggregate measure of international market
developments." However, the spillover should not be equally strong between all markets
simultaneously. In this paper, we aim to detail the strength and direction of the bilateral linkages
between EU sovereign bond markets. The spillover measure is based on the forecast error
variance decomposition of a VAR model (Diebold and Yilmaz, 2009, 2011). Shocks to one market

contribute to explaining the variance in the other markets some periods ahead. This percentage

! Only a few recent studies on sovereign bond spreads have started to separate the role of global risk aversion and
country-specific risk and measure the degree of spillover in the sovereign bond market. Caceres et al. (2010) calculate
a country-specific spillover coefficient based on joint probabilities of distress extracted from CDS credit default swap
spreads. Claeys et al. (2011) proxy the linkages between bond markets by economic distance measures to derive a
spatial measure of financial integration and show that the spillover curbs around half of changes in domestic bond rates.

7
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contribution represents the spillover. We extend the VAR to include both sovereign bond spreads
and a common factor. With this FAVAR, we not only measure the importance of domestic and
international events in the evolution of sovereign bond spreads, but additionally detail the bilateral
linkages between all markets. Moreover, we can infer from the strength of the bilateral links the
source of the global factor and how it transmits across markets. Using daily data since May 2000,

we can also track the changes in spillover between each pair of markets over time.

We estimate a VAR including EU sovereign bond yield spreads relative to the German 10-year
bond yield controlling for a common factor, and generalised market volatility or short-term market
liquidity using daily data on bond spreads. The forecast-error variance decomposition of this
FAVAR indicates a lot of heterogeneity in the bilateral spillover sent and received between bond
markets. Spillover is more important than domestic factors for all EMU countries. The CE
countries mostly affect each other. Only Denmark, Sweden and the UK are rather insulated from

spillover. The spillover has increased substantially since 2007, despite starting from a high level.

The sources of this increased spillover can be varied. Public opinion has accused in particular the
three main credit rating agencies (S&P, Moody’s and Fitch) of destabilising sovereign bond
markets with unjustified and untimely rating decisions. Rating downgrades during the crisis seem
to have provoked turbulence on asset markets and higher financing costs for all sovereigns
(Afonso et al., 2011). This spillover is a consequence of increased financial integration. Banking
regulation, collateral rules, credit default swap contracts and investment mandates force domestic
and foreign investors to relocate their savings towards higher rated bonds in response to rating
revisions or adjustments (Sy, 2009). Most existing empirical research uses event-study
techniques to test changes in bond returns around the date of rating changes. We revisit the
importance of rating announcements by analysing the dynamic linkages between these discrete
events and sovereign yield spreads. We include in the FAVAR different definitions of rating
decisions (downgrades versus upgrades, rating versus revision changes) by the main three rating
agencies to identify whether the rating action is really ‘news’ or is already incorporated in bond
market prices, and whether there is a spillover effect of rating actions across countries. We find a
two-sided relation between rating news and sovereign risk premia. However, the spillover running
from spreads towards rating decisions seems to be stronger. The spillover of rating news is very
heterogeneous and it is substantially stronger for downgrades at lower grades. The impact is

often weaker domestically than on bond spreads of other sovereigns.

The paper is structured as follows. In section 2, we review our empirical approach to measuring
sovereign bond spillover based on the VAR method of Diebold and Yilmaz (2009, 2011) and the

main features of the dataset. The main empirical results on spillover between sovereign bonds are

8
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discussed in section 3. In section 4, we extend our VAR model to test the spillover effect of
sovereign rating news. The final section summarises the main results and discusses some policy

implications.

2. Empirical Framework

2.1. Measuring Spillover with a VAR

We use the approach proposed by Diebold and Yilmaz (2009, 2011), which bases the measure of
spillover on the forecast variance decomposition of a VAR model including prices of different
assets (x;). Diebold and Yilmaz (2009) start from the estimation of a covariance stationary variable
VAR(p):

p
thzq)ixt—i+gt (1)

i=1

with x; including n variables and &~(0,2) a vector of independently and identically distributed

disturbances. The VAR can be rewritten in its moving average representation:

=Y Ac @

where some regularity conditions on the A; matrices apply. The moving average coefficients are
the key to understanding the dynamics of the VAR. The decomposition of the variance of the
forecast error of some variable i at h steps ahead records how much of the variance is due to
shocks in another variable included in the VAR h periods after the shock. Therefore, it shows the

percentage contribution of a shock to one variable to the time series variation of another variable.

Call Hi;‘ this h-steps-ahead forecast error variance decomposition, and /L?zeijh/ZHij“ the
j=1

percentage contribution of 9-;' in the effect of error variances in forecasting x; due to shocks to x;,

over all n variables.
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The method allows us to study the general spillover between different asset markets and dissect
the strength and direction of the spillover between any two markets. Let us define own variance
shares to be the fractions of the h-steps-ahead error variances in forecasting x; due to shocks to
x;, for i=1, 2,..,n, and cross variance shares to be the fractions of the h-steps-ahead error
variances in forecasting x; due to shocks to x;, for i, j = 1, 2,.., n, such that i # j . Diebold and
Yilmaz (2009) suggest using these cross variance shares to measure the spillover from one
series x; to another x;. In particular, we can compute the percentage contribution of a change in
daily quoted asset prices on the variation in asset prices of each particular market included in the

VAR model. The matrix A of all A; contains all bilateral linkages to and from two different markets:

//i’AA //i’AB //i’AZ
A= /’i’BA //i’BB ﬂ“BZ (3)
Aan Aaz

The column for a market A contains A4 and can be read as the contribution from a shock to that
market A to asset prices in other markets. The entry As4 is the percentage contribution of a shock
in explaining the movement of the market’s asset price. The row for some market B contains A
and can be read as the spillover market B receives from a shock to the spreads in other markets.
The dimensions of A grow quickly when adding new markets, so we need some summary
statistics.

The matrix A measures the bilateral interdependence between financial markets. The method of
Diebold and Yilmaz (2009, 2011) improves over partial equilibrium (regression) approaches since
it does not suppose that the bond market is affected only by some exogenous financial conditions,
without any feedback. Instead, the decomposition of the VAR provides a general equilibrium effect
that measures the transmission from one market to another. In particular, it provides an index
number between 0 and 100 that reflects the contribution of a shock originating in one market and
flowing to another. The index is therefore not a simple measure of co-movement of markets, but
measures the importance of an idiosyncratic shock in a market onto other markets, and its
feedback. Prices move contemporaneously on different financial markets, and this spillover is

stronger between markets that are more closely connected.

We condense the information on all bilateral spillovers into a few summary statistics. Using the

forecast decomposition of this VAR, the total spillover index measures the contribution of the

2t is like the weight matrix measuring distance spatial econometrics.

10
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spillover of shocks between all the variables included in the VAR to the total forecast error
variance. The total spillover TS" is nothing else than the sum of the cross variance shares across
all variables (at a certain forecast horizon h). When we express it as a ratio to the total forecast

error variation, we get the total spillover index, i.e.:

TS" =1oo.zn:ﬂb”.“ Zn:ﬂ,,,.“ (4)

iz i,j=1

The method allows us to calculate the direction of the spillover. A market i receives a spillover

from all other n-1 markets, and this directional spillover DS" can be expressed as follows:

DS", =1oo.§n:/1§ Z A (5)

j#i i,j=1

Measure (4) is the sum of the row-elements of the matrix A. Similarly, we can measure the

spillover a market i transmits to all other n-1 markets by

DS!, =100.Zn:,1; Z A (6)

j# i,j=1

Measure (5) is the sum of each column of the matrix A, not including the own contribution of each
market.® The directional spillover details how much of the total spillover comes from, or goes to, a

particular source. The net spillover from a market i to all other markets j is then the difference
between the gross shock received from and sent to all other markets, i.e. NS" =DS". —DS"..

This measures how much each variable i contributes to all other n-7 markets in net terms. It is
also possible to calculate then the net pairwise spillover, which shows how much each market i

contributes to another market j in net terms. For this, we need to obtain:

h h /N gh b /N g
NS, :100-{%‘/;1« _ﬂji/;ﬂjk:| (7)

Since this is a gross measure, two markets may have the same net spillover, but this would be
relatively more important for a market that exerts or experiences little spillover. We therefore

define the share in spillover absorption as the share of the spillover that a particular market i

3 Alternatively, one can include the own effect of the shock.

11
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in the total spillover TS" . Likewise, the share in spillover

receives from all other n-1 markets DS,
transmission is the share of the spillover that a particular market /i transmits to all other n-1

markets DS in the total spillover TS". The sum of the two statistics demonstrates the share of a

market in the overall spillover and is therefore a measure of the connectedness of the market.

2.2. Measuring Contagion with a Time-Varying FAVAR

The correlation of asset prices can either reflect the co-movement of economic fundamentals or
be due to the transmission of idiosyncratic shocks across markets. This transmission may pass
through real channels — which may be explained by trade or financial links — or be due to
contagion (Kaminsky and Reinhart, 2000). In general contagion is hard to define, and its
measurement is fraught with difficulties.* Contagion is usually distinguished from other market co-
movements either by its transmission mechanism or by its size. Kaminsky and Reinhart (2000)
stick to the first approach, which defines contagion as co-movement between markets that cannot
be tracked back to fundamental linkage between the two markets (via trade or finance). Forbes
and Rigobon (2002) rely on the latter and argue that contagion should be understood as a sudden
significant increase in cross-market co-movement after a shock to one market (conditional on

market volatility).

The forecast error variance decomposition-based method of Diebold and Yilmaz (2009) does not
allow explicit identification of whether the co-movement of asset prices is due to one channel or
the other. However, we can use matrix A as an implicit measure of contagion between markets in
the VAR framework once we (i) use high frequency (daily) data, (ii) estimate a time-varying model,

and (iii) control for common factors. How does this identification function?

By using high-frequency (daily) data, whose dynamics are by nature not affected by
macroeconomic fundamentals, we can detect from the time-variation in the spillover from some
specific market to another whether there is a sudden change in transmission. Idiosyncratic shocks
to a sovereign bond market have stronger spillover to markets when their mutual fundamental
linkages are stronger (Favero and Missale, 2012). The contemporaneous correlation between
markets reflects both channels, and contagion is a departure from the usual spillover between

markets.

* See Pericoli and Sbracia (2003) for an overview.

12
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A methodological problem with using a VAR with daily asset prices is the contemporaneous
(intraday) correlation between markets. The variance decomposition depends on the ordering of
the variables in the VAR, and the Cholesky identification of the VAR imposes diagonal block
restrictions on the contemporaneous feedback effect of markets to the markets that are ordered
first. Exogeneity assumptions that allow some asset markets to react to others but do not allow for
simultaneous feedback are not realistic when testing spillover between daily asset prices.
Following Diebold and Yilmaz (2011) we adopt the generalised VAR framework of Koop et al.
(1996) and Pesaran and Shin (1998), which allows shocks to all markets to be correlated, but this
is accounted for by using the historically observed distribution of the shocks. As a consequence,

these VAR estimates are invariant to ordering.

Co-movement of asset prices may only reflect similar responses to a common shock. Empirical
studies have argued that bond spreads in EMU move together and that most of the variability of
spreads on individual markets is driven by these common factors (Codogno et al., 2003; Bernoth
et al., 2006; Favero 2012). Since this is a common development, it cannot be tracked in a VAR to
any specific market. We therefore additionally control for the existence of these common changes
in sovereign bond market behaviour by including common factors in the VAR. Following Bernanke
et al. (2005), we use a two-step strategy for estimating this factor-augmented VAR (FAVAR). In
the first step, we use factor analysis to extract the common factors driving a significant part of the
yield spreads. The factor model assumes that for a set of n observable random variables xi can
be written:

X —p=lLF+.+LF +&

(7)
where i is a variable mean, lij are coefficients (factor loadings) corresponding to k unobservable

random variables (common factors) Fij, and & represents error terms, which are assumed to be
independently distributed with zero mean and finite variance. The idea is to express n observable
variables in terms of k unobservable common factors. The coefficients lij represent the factor
loadings that link unobserved common factors to observed data. The model can be estimated
after additional moment and covariance restrictions are imposed. We impose the common
assumption that factors are orthogonal and use the minimum average partial (MAP) method to
determine the number of factors Fij.° The principal factor method is then used to estimate the
factor loadings. In the second step, we estimate the VAR, which, besides the original n variables
Xi, contains an additional k factors Fij. We can then compute the FEVD and use this

decomposition to dissect the strength and direction of the spillover between any two markets, and

® The factor loadings /; and the number of factors k vary over time. However, a factor defined over the full sample better
reflects the co-movement for different markets over time.

13
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the common factors. In particular, we can compute the percentage contribution of a change in
daily quoted government bond prices on the variation in the sovereign bond prices of each

particular market as well as the common factors.

2.3. Specification

We use daily data on 10-year sovereign bond yield spreads of 16 EU countries over the
corresponding German bond yield over the period May 2000 to February 2012 (closing price).®
The use of the yield spread over the reference yield, which is usually taken to be the risk-free rate,
is common in this literature (e.g. Favero and Giavazzi, 2002). The idea is to analyse only the part
of the domestic yield that is not driven by changes in the risk-free rate. However, this approach
has a caveat as it does not allow us to assess the spillover to and from the reference country.
This may be particularly relevant if the reference country enjoys safe haven status (as Germany
arguably does) when investors fly to quality bonds. However, the use of alternative benchmarks
such as the US Treasury bond yield is not feasible given that it is not a natural benchmark for EU
sovereigns as perceived by investors, and it could overstate the role of common developments in
EU bond markets and does not allow us to distinguish between common and idiosyncratic
sovereign bond dynamics.” Alternative measures, such as credit default swaps (CDS), arguably
provide a closer measure of sovereign credit risk. However, prior to the crisis, sovereign CDS
markets were often not liquid and for some sovereign issuers in Europe practically non-existent.
Figure 1 shows the spreads for four different groups of countries: the core EMU (Austria, Belgium,
France, Finland and the Netherlands), where the spreads are moderate but have nonetheless
risen a lot since the start of the financial crisis and again since the start of the debt crisis, the
GIIPS countries (Greece, Ireland, Italy, Portugal and Spain), where spreads have boomed, the
Central European (CE) countries (Czech Republic, Hungary and Poland) and the eurozone opt-

outs (Denmark, the UK and Sweden).

® The main source for the data is Thomson Reuters Datastream. For reasons of data availability we did not include
Luxembourg or smaller CE countries, which have quoted bond yields only in recent years. For the same reason, we do
not use sovereign CDS quotations as they were popularised only around the onset of the crisis in 2007.

" As a robustness check, we did the FAVAR analysis also using sovereign yield spreads over the US Treasury (in this
case also including Germany). The results (available upon request) confirmed our previous hypothesis that the common
EU factor is dominant.

14
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The MAP-method selects three factors as common drivers of the bond spreads of EU countries.
The evolution of all factors is very smooth until the onset of the financial crisis in 2008, but then
spikes to diverge later on (Figure 2). The first factor started to increase in 2008 as the global
financial crisis hit the EU and there was a significant increase of yield spreads, notably in the
eurozone. The second spike appears during the latest acute phase of the debt crisis in the
autumn of 2011. The second factor reaches a peak in late 2008 and early 2009, like the first
factor, and since then has steadily declined. The third factor reaches a minimum in 2008/09 and

has been rising since.

The principal factor method shows that the first of these principal factors is able to explain over
70% of the variance of the spreads (Table 1). The factor loadings are close to unity for the
eurozone countries, which suggests that this factor mostly identifies developments common to the
EMU.®2 Non-eurozone countries have substantially lower loadings on this factor. Instead, the
second and third factors explain much less of the overall variance and their loadings are high for
the non-eurozone countries only. This again suggests that eurozone commonalities in sovereign
spreads are well tracked by the first factor and non-eurozone countries represent a rather
heterogeneous group. Therefore, in our benchmark case we use only the first factor, but also test

the sensitivity of the results when more factors are included.®

The basic FAVAR model contains two lags of the domestic bond spreads of 16 EU countries and
the common factor obtained in the first step. In line with Diebold and Yilmaz (2009) we compute
the forecast error variance decomposition at a horizon of 10 days (one and a half weeks), which
should be sufficient to capture the horizon at which spillover across markets occurs. We
additionally include in the VAR a short-term interest rate (EONIA) to control for the possible
effects of monetary policy on the short end of the term structure. Another control variable by which

we also capture the role of global bond markets is the Chicago Board Options Exchange Index

8 The countries are grouped in this order across all tables: CE countries (Czech Republic, Hungary, Poland), core
eurozone (Austria, Finland, Netherlands, France), Belgium (as will become obvious later, this country stands between
the core eurozone and GIIPS), GIIPS and eurozone opt-outs (Denmark, Sweden, UK).

® We used alternative methods to determine the number of factors and estimate their loadings and these checks all
provide similar results. A particular restriction is that the factor analysis assumes fixed loadings over time. Given the
significant changes in European sovereign debt markets, we performed the factor analysis on two subsamples with a
break date of January 1% 2010. Although the results pointed to some differences between the two periods, the first
factor consistently explains at least 65% of the variance and the factor loadings did not vary notably, i.e. the loadings for
EMU countries were close to one, the loadings for CE countries smaller and the loadings for Denmark, Sweden and the
UK small or even negative. Evidence that the relative importance of different factors varies over time, albeit not greatly,
is also reported in Broto and Perez-Quiros (2011) and ECB (2012).
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(VIX). This index is often used to measure risk aversion on global markets. Volatility on markets
outside Europe, especially the US, is argued to be a main driver of bond spreads. Both control

variables are assumed to be exogenous.

To recap, our aim is to measure bilateral and overall spillover among sovereign bond markets of
EU countries. We do this by (i) eliminating the common risk-free rate (i.e. the German bund yield),
(i) augmenting the VAR structure by the common factor of the resulting sovereign yield spreads,
and (iii) controlling in the VAR for other common factors such as monetary policy and global risk
aversion. On the contrary, we do not aim at explicitly decomposing the yield spread into a default
(credit risk) premium and a liquidity (risk) component. The reason is that we analyse the spillover
across markets as perceived by financial markets. For the same reason, exchange rate risk (for
the non-eurozone countries) can be an additional factor of divergence of sovereign bond yields.
However, we do not find it plausible to adjust for exchange rate risk (e.g. using asset swap
spreads) since investors effectively bear this exchange rate risk and it affects the effective level

of the return of the non-eurozone spread yield.

% In this way, we implicitly benchmark the spillover between EU bond markets also on the evolution of global bond
markets. We included other control variables such as the US bond yield, but this did not modify the results.
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Figure 1: Bond Spreads on the German 10-Year Bond Yield
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Figure 2: Time Evolution of Factors
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Table 1: Factor Loadings
F1 F2 F3 Communality | Uniqueness
CZE 0.64 0.58 -0.08 0.75 0.25
POL 0.33 0.66 0.37 0.69 0.31
HUN 0.75 0.06 -0.45 0.78 0.22
AUT 0.94 0.18 -0.15 0.94 0.06
FIN 0.87 0.37 -0.12 0.91 0.09
NLD 0.84 0.29 -0.32 0.90 0.10
FRA 0.96 -0.11 0.00 0.94 0.06
BEL 0.97 -0.14 0.08 0.97 0.03
ESP 0.92 -0.28 0.17 0.96 0.04
ITA 0.95 -0.28 0.07 0.98 0.02
GRC 0.86 -0.39 0.24 0.96 0.04
PRT 0.88 -0.37 0.25 0.97 0.03
IRE 0.85 -0.29 0.15 0.84 0.16
DNK 0.29 0.79 -0.11 0.72 0.28
SWE -0.37 0.21 0.44 0.38 0.62
GBR -0.26 -0.64 -0.47 0.70 0.30
Variance Cumulative Difference Proportion Cumulative
F1 9.60 9.60 6.92 0.72 0.72
F2 2.68 12.28 1.58 0.20 0.92
F3 1.10 13.38 - 0.08 1
Total 13.38 35.25 1

18



Research Institute of Applied Economics Working Paper 2012119 pag. 19
Regional Quantitative Analysis Research Group Working Paper 2012/09 pag. 19

3. Sovereign Bond Yield Spillover in Europe

3.1. Spillover and Linkages across Markets

Figure 1 suggests that there are important interlinkages between sovereign bond markets, but that
these linkages are not equally strong between all markets. We first look at the spillover between all
16 EU sovereign bond markets using the FAVAR model including all bond prices and the factor.
Table 2 reports the contribution of a shock to bond spreads on other markets. Each entry of the
table displays the coefficient Asg: the column for each market A can be read as the contribution
from a shock to the bond spread in that market to bond spreads in other markets. The entry (A,A)
is the percentage contribution of a shock in explaining the movement of the domestic bond spread.
The row for each country B can be read as the spillover market B receives from a shock to the
spreads in other markets. We sum the effect of shocks to market A on all others (either including
the own effect or not) in the two rows following the country effects. The right-hand column sums
the effect country B receives from all other markets. In addition, we include the first factor of all
spread yields, representing the common effect. The column (row) of the common factor represents
again the spillover the common factor sends to (receives from) individual bond markets."" The two

bottom rows measure the share of spillover absorption and transmission.

Table 2 summarises this directional spillover over the full sample May 2000—February 2012. It
captures the linkages on financial markets and shows the structure and intensity of the degree of
spillover between different sovereign bond markets, as well as the spillover between individual
bond markets and common factors. The total spillover amounts to 59%, meaning that more than
half of the variation in sovereign bond spreads can be explained by shocks to bond spreads in
other countries. The remaining 41% of all movements are caused by a purely domestic factor, i.e.
the idiosyncratic dynamics of the domestic spread in the past. This finding is in line with what other
studies find: a major part of the bond spreads is determined not by domestic factors but by
international bond markets.'? In contrast to previous studies, our result is not derived from a partial
equilibrium assumption, in which global conditions cause domestic changes, but it fully accounts

for the feedback of domestic markets to international markets.

" There are no decompositions from the exogenous variables (EONIA and VIX) and these are simple control variables.
The results do not change significantly when we include both variables as endogenous.
12 Claeys et al. (2011) find that about 60% of a change in long-term interest rates spills over across markets.
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This total spillover is the aggregate of all the spillover between different markets, but it does not
reflect the large variety of spillover effects between bond markets. We can observe from the
bilateral entries in Table 2 that the country-specific effect of spillover is not alike for each country.
For the eurozone opt-outs (Denmark, Sweden and the UK) the domestic factor accounts for over
two-thirds of the changes in the bond spread, and for the CE countries (the Czech Republic,
Hungary and Poland) it ranges between one-half and two-thirds. By contrast, the idiosyncratic
change amounts to just one-quarter for the eurozone countries (with a slightly higher share for
Greece, Portugal and Ireland). Hence, the eurozone bond markets are strongly integrated and

shocks to spreads mostly affect other markets rather than being idiosyncratic.

The common factor affects — and is affected by — all bond markets. Shocks to the factor do have
some persistence on the factor itself, but most of its impact flows to eurozone countries. This is not
surprising given that the eurozone countries achieved the highest factor loadings in the estimation
of the factor model (Table 1). The common factor has its source mainly in Belgian, Italian and
Spanish bond markets. The factor has its strongest impact on Austrian, Finnish, French and Dutch
bonds. Commonalities in the EU sovereign bond market are mostly common developments within

the eurozone.

As Table 2 suggests, the bilateral linkages between countries are quite distinct between countries
inside and outside the eurozone. For the three opt-out countries, the bilateral linkages both among
them and with the other EU countries are weak. Less than 15% of the shocks to bond spreads to
these three countries spills over to other markets. The most extreme case is the UK, whose
sovereign borrowing cost does not seem to have any effect on the other EU countries at all. The
same applies to the spillover these countries receive. The three countries are relatively insulated
from bond markets in the eurozone. Nonetheless, Denmark and Sweden are substantially more
linked to the eurozone because of strong trade linkage to the core countries, and Denmark also
through its participation in ERM2. A similar explanation holds for the CE countries, whose effects
on other markets are rather limited, although their bilateral linkages are strong. About one-third of
all the spillover to other markets only occurs between the Czech Republic, Hungary and Poland
themselves. Despite Austria’s economic proximity and the importance of its banking sector,
Austrian bond prices do not affect the CE spillover much, nor are they influenced very much by the

CE bond markets." The separation of the non-eurozone sovereign bond markets might be driven

3 For the CE group, Ebner (2009) and Alexopoulou et al. (2009) confirm the dominance of global factors for sovereign
yield determination, especially during crisis periods. Babecky et al. (2010) find that the financial crisis caused only
temporary divergence of the Czech bond market vis-a-vis the eurozone bond market. Bubak et al. (2011) look at volatility
spillover in CE stock markets, confirming increased shock transmission during periods of market uncertainty but also that
the Czech and Polish currencies, which float freely, are subject to more volatility spillover than the Hungarian forint,
whose exchange rate is managed.
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by exchange rate differences relative to the euro area. However, this result also applies to
Denmark, yet the Danish kroner participates in ERMII with a narrow £2.25% fluctuation band. This
finding suggests that there is a distinct feature of spillover in the eurozone and exchange rate risk
alone cannot explain the importance of idiosyncratic factors. Markets more likely perceive the
eurozone as distinct due to the spillover of default and liquidity risk across EMU markets, or to the

likely collapse of the eurozone.

Among the eurozone countries, we can identify three groups of countries by the strength of their
bilateral spillover: (i) the core eurozone (Austria, Finland, France and the Netherlands), where
domestic factors are of minor importance and countries affect each other and are also very
strongly affected by the common factor, (ii) Belgium, Italy and Spain (though Belgium could also be
listed in the former group), where the domestic factor is also subdued in favour of mutual bilateral
effects as well as the effect of the common factor, and (iii) Portugal, Ireland and Greece, where

domestic dynamics are slightly more important and the common factor slightly less so.
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Table 2: Spillover Table, Full Sample (May 2000-February 2012)

CZE POL HUN  AUT FIN NLD FRA BEL ESP ITA° GRC PRT IRE DNK SWE GBR FACTOR| From

others

CZE 5252  7.51 6.65 251 052 074 165 274 348  4.01 0.80 0.83 194 404 091 0.03 9.14 47.48
POL 6.94 6117 6.38 110  0.21 022 077 178 244 297 1.09 1.12 195 532 079 0.02 5.74 38.83
HUN 6.86 879 5443 235 046 042 063 3.00 299 3.60 1.66 130 310 360 009 0.06 6.68 4557
AUT 1.69 154 256 2179 383 649 960 1101 744 918  2.00 150 372 039 0.09 0.08 17.09 78.21
FIN 1.53 096 079 852 2630 1077 883 7.96 445 505 1.38 138 359 087  0.41 0.60 16.62 73.70
NLD 1.60 0.84 1.61 777 839 2556 839 768 544 529 159 230 4.36 135 047  0.97 16.39 74.44
FRA 1.54 1.33 154 958 384 654 1897 1177 816 1149 233 136 327 098 028 025 16.79 81.03
BEL 1.67 1.41 712 256  4.51 810 2094 1334 1360 189 228 565 022 014 007 14.74 79.06
ESP 1.36 1.04 115 524 143 345 640 1064 2719 1485 293 361 779 013 013  0.27 12.39 72.81
ITA 1.75 1.39 139  3.93 127 262 425 1233 1765 2629 302 368 667 018 006 0.07 13.46 73.71
GRC 1.12 079 076 259 1.56 189  4.81 929 969 778 3552 604 9.02 001 0.01 0.11 9.02 64.48
PRT 0.79 067 098 219 027 082 130 852 1000 653 593 3773 1643 001 0.15 0.03 7.63 62.27
IRE 1.07 0.79 1.00 3.23 178 244 369 779 977 499 533 1031 3832 001 005 0.03 9.41 61.68
DNK 3.99 413 475 125 220 226 225 056 024 032 030 023 033 6417 524 0.18 7.60 35.83
SWE 1.25 1.01 056 015 058 084 038 023 046  0.31 004 013 009 470 8721 0.63 1.44 12.79
GBR 0.20 015 014 033 0.83 189 053 025 197 084 030 092 080 013 114 8763 1.94 12.37
FACTOR 3.15 227 262 878 442  6.31 8.05 1153 10.03 1151 286 356 6.70 118 028 0.28 16.46 83.54
To others 36.51 3460 3464 6665 3414 5220 69.64 107.09 107.54 102.33 3343 4057 7539 2311 10.23 3.67 166.07 | 997.82
To others (+ own) | 89.03 9576 89.07 88.44 6044 77.76 8861 128.03 13473 128.61 68.96 7830 11372 87.28 97.43 9130 18253 59%
From others 4748 38.83 4557 7821 7370 7444 8103 79.06 7281 7371 6448 6227 6168 3583 1279 1237 83.54
Net spillover 1097 424 1093 1156 39.56 2224 1139 -28.03 -3473 -2861 31.04 2170 -13.72 1272 257 870 -82.53
Share in spillover| 366 347 347 668 342 523 698 1073 1078 1026 335 407 756 232 1.03 0.37
transmission
Share in spillover| 4.76 389 457 784 739 746 812 792 730 739 646 624 618 359 128 124
absorption
Share in spillover| g 42 736 804 1452 1081 1269 1510 1866 18.07 1764 981 1031 1374 591 231 1.61

overall
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The overall statistics listed in the rows below suggest that Belgian, Italian and Spanish bond
markets seem to create a systemic link on European bond markets. As we can see in the last row,
the joint share of these countries on the overall spillover transmission and absorption is more than
50%. The results for Italy and Spain are probably not surprising given the size of those countries,
and other studies also find that both countries are crucial transmitters of shocks on bond markets
to other countries. For example, using CDS series, Broto and Perez-Quiros (2011) find that both
Italy and Spain are more affected by events on other EMU markets than by domestic events. By
contrast, the Belgian bond market is not typically considered crucial. We find that Belgium is
actually the most open bond market in Europe: it is the biggest receiver of shocks abroad as well
as the country that affects the other EU countries the most (in relative terms). The negative value
of the net spillover and the share in total spillover demonstrate the systemic importance of
Belgium. The reason is that in terms of size, even if Belgian debt is high as a ratio to GDP, its
volume is small relative to the debt issues of Italy and, more recently, Spain. At the same time,
Belgium economically belongs to the core EMU countries, and despite its high public debt it pays
a subdued credit risk. But moreover, all three countries have an internationally grown banking
system that is mainly exposed to the GIIPS countries. For example, the Belgian banks Fortis and
Dexia were among those with the highest exposure to US subprime loans and Greek public debt
respectively (BIS, 2011). Spanish banks are exposed to problems in the domestic financial sector.
Belgian, Italian and Spanish banks also mutually hold large portions of public debt (Merler and
Pisani-Ferry, 2012; Claeys and VaS$i¢ek, 2012). Other papers also show how closely linked bank
and sovereign credit risk are (Acharya et al., 2011). This underlines the importance of shock
transmission between the eurozone countries through the banking channel. By contrast, non-

eurozone countries are rather separate from this transmission.
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3.2. Time Variation in the Total Spillover

The analysis based on the full sample estimates might not fully uncover the change over time in
all these bilateral linkages. Indeed, as the entries track the average spillover for a rather long and
heterogeneous time period, some results might not seem intuitive from today’s perspective.'* The
financial crisis starting in 2007 is commonly believed to have significantly increased co-movement
across asset markets and the European debt crisis specifically the co-movements across
sovereign bond markets since 2010. Figure 1 shows how the spreads of all EU countries have
been moving closely together since early 2002, and how the GIIPS have diverged from the

German 10-year bond rate since 2010.

A Bai-Lumsdaine-Stock (1998) test on the overall structural stability of the FAVAR model for the
central 70% part of the sample (between February 6th, 2002 and May 4th, 2011) shows that a
significant break occurs between April 16 and April 22 2010 for the homoskedastic version. This
break corresponds to the first crisis meeting of the Eurogroup on the Greek fiscal situation. The
heteroskedastic version has a wider confidence interval between July and September 2009 and
indicates the switch from the global financial crisis to the eurozone debt crisis starting with
Greece. The results are robust to using smaller trimming percentages at 1% and 5% respectively.
Rather than aiming at two (still arguably heterogeneous) subsamples we follow Diebold and
Yilmaz (2009) and run the VAR model over a 200-day rolling window and reproduce all linkages

for each pair of markets.

Figure 3 summarises the evolution of total spillover. We can see that the interdependence
between markets has not been limited to periods of financial stress. Indeed, the spillover has
been substantial most of the time, as the index never falls below 50%. We can compare our
estimate, which varies between 50% and 80%, with Diebold and Yilmaz (2009), who estimate
such spillover for global stock markets (1995-2007) at between 40% and 55%." Caporin et al.
(2012) use sovereign CDS data and argue that the channels by which shocks on European CDS

markets propagate have been rather similar over time during the turbulent post-2009 period.

The total sovereign bond spillover oscillates between 55% and 70% until the end of 2007. We
observe some specific spikes in spillover over the 2001-2007 period, for example after

September 11th 2001, the application of the Excessive Deficit Procedures to some EU countries

" For example, the overall contribution of Greece is very small. Indeed, it seems that Greece is no bigger a shock
transmitter than, for instance, the Czech Republic.

'* While our total sovereign bond spillover from the whole sample analysis is 56%, their stock market
spillover index is 35%.

24



Working Paper 2012/19 pag. 25

Research Institute of Applied Economics
Working Paper 2012/09 pag. 25

Regional Quantitative Analysis Research Group

and the revision of the Stability and Growth Pact in March 2005. The high overall level of spillover
confirms the evidence of other studies that around half of the evolution in bond rates can be
explained by external factors. The decline in overall spillover since 2006 indicates a period in

which investors on bond markets started to perceive sovereign issuers as distinct.

The start of the financial crisis in mid-2007 again raised the co-movement of sovereign bond
spreads. The spillover index shoots up to 75% and remains at this high level, with peaks of 80%,
until the end of the sample (February 2012). We observe how the spillover peaks at the height of
the financial crisis in 2008, when the crisis continues on financial markets in 2009 and as the
eurozone sovereign debt crisis unfolds during spring 2010. In order to better show the fluctuations

since the financial crisis, Figure 4 shows a close-up image of Figure 3 starting in January 2008.

Figure 3: Total Spillover Plot, 200-Day Window, 10-Steps-Ahead Forecast, Full Sample
(February 2001-February 2012)
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Figure 4. Total Spillover Plot, 200-Day Window, 10-Steps-Ahead Forecast, (January 2008 —
February 2012)
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The time-varying estimation of our FAVAR provides some implicit indication of contagion in EU
sovereign bond markets in recent years. First, although we do not provide confidence bands
around the total spillover plot, the post-2008 level is arguably an abnormal shift, i.e. the level of
spillover is significantly higher than the full sample mean (58%). Second, the events around the

peaks on the spillover plot do not represent news about fundamentals in a large group of

countries.

We can discern the consequences of some major events on the co-movement of bond spreads —

for example:
A. the collapse and subsequent sale of Bear Stearns to JP Morgan Chase (March 2008);

the collapse of Lehman Brothers (September 2008);
the bankruptcy of Dubai World (November 2009);

the fiscal trouble of Greece (May 2010);
the establishment of the European Stability Mechanism (February 2011);
the spread of the debt crisis to Spain and lItaly (June 2011), and the measures adopted in

nmmoow

August and September 2011 by the ECB.

The total spillover does not reflect the large variety of spillover effects between individual bond
markets. We can learn more about the transmission across bond markets by looking deeper into

the bilateral spillover across time.
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3.3. The Time Variation in the Bilateral Spillover

Although the time-varying plot of the total spillover summarises numerous changes in bilateral
linkages across markets, it is interesting to examine some particular cases. In particular, we
provide evidence on the evolution over time of spillover within the GIIPS countries, in particular

Greece, and CE countries.®

Since Greece was the first EMU country to run into fiscal trouble and set off a series of events,
such as fiscal bailouts and trouble in the balance sheets of banks, we look in more detail at the
consequences of shocks to Greek sovereign bond spreads on other markets. As we noted, the
evidence based on the whole sample suggested that the spillover from Greece is very small,
which seems rather counterintuitive given the political and economic events since 2009 (Mink and
De Haan, 2011).

In Figure 5a, we decompose the total effect of shocks to the Greek bond spread on the spreads of
the other EU countries. In order not to clutter the graph, we have grouped the countries as in
Figure 1, but Greece itself is excluded from GIIPS (i.e. lIPS). The first observation is that the
contribution of changes in sovereign spreads in Greece on other markets fluctuates significantly
over time and is quite different across groups. The spillover remains stable until the onset of the
global financial crisis in general and the Greek debt crisis in particular. The CE and other non-
eurozone countries are barely affected, although there can be sporadic large changes in the
spillover. Most of the Greek spillover goes both to [IPS and to the core eurozone countries."” The
crisis immediately magnifies the spillover to other markets but does not change its structure. The
CE and non-eurozone remain rather decoupled, whereas |IPS and the core-EMU suffer most of
the rise in Greek spreads. The spillover is very strong in early 2008 as the global financial crisis
hits Europe. We note that at that stage the eurozone sovereign yield spreads were still rather low,
but doubts about the budgetary situation of Greece had started to rise. The spillover fluctuated at
higher levels but decreased to almost the pre-2008 levels in early 2010. This finding is consistent
with Manasse (2010) and Mink and De Haan (2011), who also argue that in 2010, investors
started to put a higher weight on the domestic fiscal position and discerned the problems of
Greece from other EU sovereigns. This reduced the spillover from Greece to the rest of the EU.
However, we can observe subsequently several reversals in the degree of spillover — both to IIPS
and to the core EMU. These reversals reflect the ongoing discussions at the EU level regarding

the treatment of Greece. During the summer of 2011, the contagion to other IIPS, in particular

'8 The time-varying plot for any pair of countries can be obtained upon request.
" The groups of countries are of different size, but it is still instructive to observe the time evolution of transmission.
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Italy and Spain, rises strongly. The rescue package of July 2011 does not seem to have
separated the fiscal trouble in Greece from other bond markets. De Grauwe and Ji (2012) argue
that the present surge in spreads is disconnected from the rise in public debt ratios and is a sign
of mispricing of sovereign risk. This makes contagion the main driver of sovereign bond spreads

across the eurozone.

In a similar fashion we can calculate the time-varying effect of shocks in all other markets’
spreads on the spreads of the Greek bond market (Figure 5b). The overall effect is stable, and
again there are stronger links from the eurozone. The IIPS seem to exert a significantly stronger
effect since the onset of the debt crisis as compared to the core eurozone countries. The fact that
Greece has stronger effects on other markets than it receives from other bond markets implies

positive net spillover of Greek sovereign bond markets.

While the effect of other sovereign bond markets on Greek spreads is rather stable during the
financial crisis, the magnitude of the Greek spillover to other sovereigns varies widely and the
fluctuations sometimes have a very high frequency. One plausible explanation is that this is

related to the frequency of news related to Greece (Mink and de Haan, 2011).

Figure 5a: Decomposition of the Effect of Greek Bond Spreads on Other Markets

1.8 {

1.6

___Mﬁf

PIGS
W core EMU

mCEE

01-07-03 ==

N o NN = O W I~ M~ 0 G G O O — o ™~
5232309 92999890683 dd g
L T e, O e | M~ = o S D T e T e e | o T e e T e e B e o |
523535 2523953595335 25395
Lo e e T O | L | Lo T B R O | o T T T T R I |
o O O o ©o o o o O O O Q o O O O o o O

28



Research Institute of Applied Economics Working Paper 2012/19 pag. 29
Regional Quantitative Analysis Research Group Working Paper 2012/09 pag. 29

Figure 5b: Decomposition of the Effects of Other Bond Markets on Greek Bond Spreads

1

0.9

” M’ _______________________________ ﬂ” |1|1'I'ilu v || ""“" Nll

0.7 +

2 (N8 ||I‘

0.5

e

Hnon EMU
PIGS
04 M core EMU

0.3 B CEE
0.2

0.1

0 —

01-07-04 —_

= = NN n v W W >~ M~ 0 QD B O O = =
S2999339 922999930903 Sdddd
L T e e T e e O e S | = M~ = I~ e s o T T e T e T N R |
8359533953555 353553535933
L e T T T O e I L T T e T T T B fo T T T e B B B |
o O O O O O O o O O O O O O 0o O O O o O O

Another interesting example worth exploring concerns the central European countries, which
according to Table 2 seem to have strong mutual linkages, but the time invariant result does not
provide any indication of the direction of this spillover. In Figures 6a to 6¢, we again decompose
the total effect of shocks to Czech, Polish and Hungarian bond spreads on the remaining two EU
countries. Unsurprisingly, the total spillover is much lower than for Greece and its size is more
volatile, which corroborates the importance of time-varying analysis. The largest peaks in the
spillover occur in all three countries during the global financial crisis, whose onset in the CE
region is commonly dated to mid-2008 (cf. the peak for Greek spillover in late 2007). The spillover

then fades quickly away only to increase again during the recent debt crisis.

However, there are some interesting differences between these three countries. The most notable
is the very strong spike in the spillover transmitted from the Hungarian sovereign bond market in
2008. This is related to fiscal stress in Hungary, which was followed by a stand-by arrangement
with the IMF in late 2008. This period could arguably be interpreted as contagion given that there
was no fundamental similarity between Hungary and the other two CE countries (e.g. size and
composition of sovereign debt), where most of the spillover went to. After the IMF intervention the
spillover quickly returned to low levels. It increased again during the eurozone debt crisis, but
more evenly across the three countries. Overall, it seems that the linkages between these
countries have become gradually weaker over time. While the Polish and Hungarian sovereign

bond spillover vis-a-vis the other two countries in the region represented more than half of the
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total transmitted spillover until the end of 2008, the mutual effect becomes much weaker
afterwards. This gradual decline is also observable in the Czech Republic, but the spillover from

its bond market has always been more closely linked to that of the other EU countries.

Figure 6a: Decomposition of the Effect of Czech Bond Spreads on Other Markets
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Figure 6b: Decomposition of the Effects of the Polish Bond Markets on Other Spreads
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Figure 6¢: Decomposition of the Effects of the Hungarian Bond Markets on Other Spreads
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3.4. Alternative Specifications of the FAVAR Model

So far, we have controlled the VAR for common market behaviour by including a factor. The
importance of this common factor can be seen from calculating matrix A for a simple VAR without
a common factor (see Table A.1 in the Appendix). The total spillover falls, since the feedback from
the common factor to each market is now incorporated into the evolution of the domestic spread.
This feedback is obviously stronger for the eurozone countries. The own variable shares (i.e. the
diagonal elements of A) are therefore larger, as is the spillover from the domestic to other
markets. Therefore, omitting this common EMU factor might cause upward bias in the own

variance share, as the feedbacks of common events are not taken into account.

The results of Table 2 also show evidence of additional direct spillover from shocks to sovereign
markets in addition to the effects of the common factor. An implicit way to take the common factor
into account is to de-factorise the spread series for each country and keep just the idiosyncratic
part of the spread of each market. The spillover should just reflect the transmission across bond
markets of idiosyncratic shocks, now that the common factor is taken out of the model. For those
markets sharing common developments, the own variance share indeed increases, and the
spillover to other markets is limited (see Table A.2 in the Appendix). In contrast, the model mostly

owes to country-specific shocks the deviation from a common factor in markets that do not have
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much in common with the others. The consequence is that the spillover from these markets to the
others is much stronger now. Two contrasting cases are GIIPS and the core eurozone countries.
Since the former have been driving rising spreads in the eurozone, the common factor absorbs
most of the spillover. Any other country-specific deviation has affected the spread only
domestically (for more than 50% in Greece, Ireland or Portugal). By contrast, the spread in the
core EMU has not followed the rise of the GIIPS countries to the same extent, but it is still
correlated with the spreads in other EU countries (Figure 1). The spillover between the core EMU
bond market and the other bond markets is therefore much higher (as is the total spillover in this
model). For the same reason, the importance of the opt-out countries (Denmark, Sweden and the

UK) on the spillover transmission increases substantially.

3.5. Robustness Checks

In addition, we run a number of other robustness checks, which confirm that the previous results
are robust to (i) changes in the number of lags included in the VAR, (ii) the number of steps ahead
when making the forecast, and (iii) the sample window. VAR models with 4 lags (instead of 2), a
20-days-ahead (instead of 10-days-ahead) forecast and a 400-day (instead of 200-day) rolling

window all depict similar evolution of the spillover over time (Figure 7).

Figure 7: Robustness Checks on the VAR Model
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4. Impact of Sovereign Rating News

The long-term rise in the spillover index shows the strong linkages between bond markets, yet the
high-frequency movements also suggest that this spillover is affected by macroeconomic news.
Such news on economic or political variables can change the outlook for public finances and
consequently trigger the sudden sale of government bonds in different markets. The literature has
focused on different types of news and studied the reaction of sovereign risk premia to events
such as announcements of unconventional monetary policy measures (Kilponen et al., 2012),
plans on government rescue packages for banks (Attinasi et al., 2010) and political news
(European statements) on Greece (Mink and De Haan, 2011). One particular kind of event that
has sparked quite some controversy in public opinion is rating news. The three main credit rating
agencies (S&P, Moody’s and Fitch) have been accused of destabilising sovereign bond markets
with unjustified and untimely rating decisions. Announcements of downgrades of credit ratings or
revisions of the rating outlooks of particular sovereign issuers seem to have provoked turbulence

on asset markets and higher financing costs (e.g. De Grauwe, 2010; Trichet, 2010).

Research on the role of sovereign rating actions has typically applied event studies to test
whether rating decisions have an impact on returns or just reflect market wisdom. The event study
compares abnormal differences in returns at selected time horizons before and after the time
rating news is made public (Afonso et al., 2011; Kraussl, 2005; Ismailescu and Kazemi, 2010).
Different types of rating news, such as upgrades versus downgrades, outlook revisions or a

combination of the two, usually have different effects on the yield spread.

Moreover, rating news seems to have triggered reactions in the bond markets of other sovereigns
too. This is a consequence of financial integration: banking regulation, collateral rules, credit
default swap contracts or investment mandates force domestic and foreign investors to relocate
their savings towards higher rated bonds in response to downward rating revisions or adjustments
(Sy, 2009). The pre-crisis consensus finding was that due to this portfolio shift a rating downgrade
would raise the spread for the rated country but reduce it for other countries (Gande and Parsley,
2005)."® However, this substitution effect in the bond portfolio has not been functioning since the
start of the financial crisis. Afonso et al. (2011) analyse sovereign bond spreads and CDS quotes
of EU countries and find a significantly positive response after a rating downgrade. This

downgrade does have effects on other markets if it concerns EMU countries with a low rating

18 Although most of this effect could have been anticipated in the bond market already (Gonzalez-Rozada and Levy
Yeyati, 2008; Ismailescu and Kazemi, 2010).
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(GIIPS). Arezki et al. (2011) use a VAR model with rating dummies and confirm this result, but
they additionally show that the effects depend on which country suffers the downgrade, which
rating agency gives its verdict or the level of the rating (the lower the rating, the stronger the

response).

4.1 Measuring the Impact and Spillover of Sovereign Rating News

Analysing the dynamic relationship between spreads and rating news is rather complex since
there are several methodological problems. First, markets anticipate rating news. Hence spreads
move before a credit agency makes its decision public. Often, announcements of a revision to the
outlook of a rating are made months before the final rating decision. Second, isolating the effect of
rating news is not easy since much other macroeconomic news occurs that changes the outlook
of public finances. This contaminates the sample. Most papers that look at corporate bonds
isolate the rating decision in a time span during which no other decisions were made or no other
general news regarding the firm occurred (Mitra and Mitra, 2011). The evidence on the impact of
rating announcements on sovereign risk premia is even further complicated if we consider the
triggering effect of a rating decision on other sovereigns. A particular additional problem is that
agencies often take rating action on several sovereign issuers on the same day and the rating
action might even overlap with the decisions of the other two agencies. Third, the horizon of the

impact of rating news is rather uncertain.

To deal with these points, we extend the VAR model for analysing bond market spillover and
include a dummy for rating adjustments. Not only does the model allow us to examine the impact
effect of ratings, but also we can examine if spillover on sovereign markets is special if it is related
to actions by the main rating agencies or just reflects financial integration and reacts in a similar
way to any kind of news. Our approach therefore aims to separate the ‘usual’ spillover on bond

markets from the impact of rating news on bond spreads.®

We track the effect on sovereign rates following a ‘dummy shock’, as in (8), where z; include the

bond yield spreads x; as in (1) as well as the dummy for rating news:

% Unlike Arezki et al. (2011), we include all 16 sovereign bond markets in a single VAR. They are interested in the
effects of ratings on several markets too, but do not explicitly model the channel by which this occurs. They, by contrast,
look at spillover between different asset markets on a country-by-country basis.
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These dummies correspond to the dates for the rating changes and we use a step dummy where
each rating category is assigned a numerical value (going from a maximum of AAA to a minimum
of D).% As in Arezki et al. (2011), this index is summed for all 16 countries in the sample. We
moreover examine (i) the differential effect of rating downgrades and upgrades, (ii) the effect of
changes in the revision outlook (negative vs. positive), (iii) the differential effect of the rating
actions of each rating agency (S&P, Moody’s, Fitch), and (iv) the differential effect of rating
actions related to single sovereigns. The various types of rating actions probably have differential
effects and it is not obvious which event represents proper rating news and possibly triggers (or is

triggered by) sovereign yield spread dynamics.

The sovereign ratings are the long-term local currency debt rating for each country from the main
credit rating agencies (S&P, Moody'’s, Fitch). As noted before, there are different possible ways to
create variable tracking of rating actions. Figure 8 demonstrates this. Panel a) tracks the overall
evolution of sovereign ratings in EU countries (by rating agency) over the last decade using the
step dummy. In this case, each rating category is assigned a numerical value (from AAA — 1, to
CCC — 17) and these values are simply summed across countries. Following Romer and Romer
(2010), we can also choose to include an impulse dummy on the day of the rating/outlook change.
Panel b) draws this dummy on the date when the rating action (by each rating agency) was taken.
Panel c) further distinguishes downgrades (positive value) and upgrades (negative value) and at
the same time demonstrates that rating actions (on different sovereigns), notably downgrades, are
often clustered within a single day. Finally, panel d) is the same as panel c), but rather than rating
changes it records changes in rating outlooks, which might arguably indicate rating action ex ante

and as such might represent real news.

4.2 Rating News and Spillover

We now replicate the same FAVAR model and test for the spillover between bond markets and
the overall EU step dummy for the rating change (see the upper left panel in Figure 8). Table 3a
reports the bilateral linkages for the full sample and with the rating variable included as an
additional endogenous variable. The total spillover is not affected much by the inclusion of the
rating (it falls to 55%) given that the rating variable absorbs a lot of its own dynamics. The results
for a VAR including an impulse dummy (see the upper right panel in Figure 8) are rather similar
(Table 3b). Therefore, rating actions do not have a major impact on the overall spillover within the

sovereign bond market, which implies that rating news by itself has not been driving the spillover

20 Arezki et al. (2011) include all rating changes in Europe, but find that the EU rating events are the most important
ones.
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across markets. However, Tables 3a and 3b provide some finer details on the dynamic

relationship between sovereign rating news and sovereign bond yield spreads.

First, it seems that the spillover runs both from bond yield spreads towards rating actions and vice
versa. The bottom row of Table 3a shows a spillover of 7.42 transmitted by the step-dummy rating
variable to the bond markets, whereas the spillover absorbed from the bond markets is just 4.76.
A similar finding is visible in Table 3b, with the difference that the spillover transmitted and
absorbed by the impulse-dummy rating variable is almost identical. A further look at Table 3
shows some interesting findings: the countries most affected by overall rating actions are Portugal
and Ireland.
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Figure 8: Sovereign Credit Ratings
a) overall level of EU sovereign ratings (step dummy) b) rating changes of EU sovereign ratings (impulse dummy)
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On the contrary, it is not just changes in spreads in the GIIPS that trigger a rating change.
Other countries affecting the rating change include France and Belgium. The finding for
Belgium seems to corroborate the result in Table 1 that this country has systemic importance
in European sovereign bond markets. The rating decision mostly moves further changes in
the rating, but given the step values in this series the numbers are hard to interpret. We can
nevertheless see that rating changes mostly affect the spreads for the core EMU and GIIPS,
and of course mostly so in the countries whose ratings have been regularly adjusted since
the start of the debt crisis.

As noted above, with respect to the decisions of credit rating agencies it is not obvious which
events represent proper news that might trigger, but also be triggered by, sovereign yield
spread dynamics. In what follows we explore alternative ways of tracking the ratings action
than an overall rating level or changes by the three rating agencies along different
dimensions: (i) distinguishing between rating downgrades and upgrades (Table 4), (ii) testing
the effect of rating outlook changes rather than rating changes themselves (Table 5), (iii)
separating the rating changes of different rating agencies, and (iv) separating the rating
actions on different sovereigns. In what follows we report the results using the rating impulse

dummy variable as in Table 3b.
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Table 3a: Spillover Table Rating Step-Dummy Variable, All Rating Agencies

CZE POL HUN AUT FIN NLD FRA BEL ESP ITA GRC PRT IRE DNK SWE GBR FA;TO RATING :t[]‘;’:‘s
CZE 5374 759 696 250 049 074 153 251 313 375 065 055 160 422 107 003 891 001 | 46.26
POL 695 6236 669 106 019 022 069 157 214 273 093 08 165 550 092 003 549 001 | 37.64
HUN 675 858 5102 237 051 043 076 345 357 405 202 202 377 337 007 006 713 006 | 4898
AUT 168 153 288 2286 387 677 962 1082 697 888 178 120 324 042 0415 010 1718 0.05 | 77.14
FIN 149 093 096 890 2792 1146 874 752 377 458 108 082 292 097 062 071 1659 001 |7208
NLD 158 081 179 799 861 2679 836 741 499 499 138 185 387 145 060 108 1639 005 | 73.21
FRA 152 132 189 1022 393 703 1975 1152 7.39 1112 196 088 257 112 049 033 1696 001 |80.25
BEL 168 142 220 766 259 489 813 2147 1277 1350 154 158 486 027 031 011 1492 0.10 | 7853
ESP 136 104 152 572 141 383 635 1048 27.91 1513 240 250 679 017 035 040 1251 013 |72.09
ITA 177 141 172 414 123 279 411 1223 1749 2735 265 299 596 022 014 0411 1363 006 | 72.65
GRC 109 078 124 28 160 223 463 859 823 720 4094 342 764 001 0411 023 877 043 |59.06
PRT 068 068 158 255 022 101 102 7.85 855 616 465 3753 1544 002 002 002 7.44 457 | 62.47
IRE 103 079 130 348 184 272 353 741 898 474 472 869 3996 001 001 005 933 141 |60.04
DNK 399 411 483 123 216 224 220 053 028 032 030 023 030 6423 530 018 7.56 002 | 35.77
SWE 148 118 048 0417 069 091 043 020 110 041 018 132 050 458 8343 058 199 038 | 16.57
GBR 022 016 012 032 083 191 052 026 229 099 035 127 096 013 107 8652 208 001 | 13.48
FACTOR 325 234 312 942 461 684 812 1136 940 1133 247 275 593 136 048 036 1674 011 | 83.26
RATING 003 001 001 017 007 008 025 027 008 004 029 006 302 003 015 002 021 9524 | 476
To others 36.56 34.68 39.31 70.79 34.84 56.08 6899 103.97 101.12 99.92 2935 33.01 71.02 2385 11.86 440 167.07 7.42 |994.25
I\j’vn)c’thers ("1 90.31 97.05 90.34 9364 6277 82.87 88.74 12544 129.03 127.26 7029 70.54 110.98 88.08 9529 90.91 183.81 102.66 |55.2%
Fromothers | 46.26 37.64 4898 77.14 7208 7321 8025 7853 72.09 72.65 59.06 6247 6004 3577 1657 1348 8326 4.76
Netspilover | 9.69 295 966 6.36 3723 1713 11.26 -2544 -29.03 -27.26 29.71 2946 -10.98 1192 471 909 -83.81 -2.66
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Table 3b: Spillover Table, Rating Impulse-Dummy Variable, All Rating Agencies

CZE POL HUN  AUT FIN NLD FRA BEL ESP ITA GRC PRT IRE DNK SWE GBR FACTOR RATING oFt:)eTs
CZE 52.56 7.48 6.62 2.48 0.52 0.74 1.65 2.72 3.49 4.00 0.81 0.89 195 4.02 0.91 0.03 9.12 0.02 47.44
POL 6.96 61.01 6.37 1.07 0.20 0.22 0.76 1.75 2.47 2.94 1.15 1.31 1.99 5.26 0.78 0.02 5.71 0.03 38.99
HUN 6.87 8.75 5436 2.31 0.45 0.41 0.63 2.97 3.01 3.57 1.72 1.46 3.14 3.57 0.09 0.06 6.64 0.01 45.64
AUT 1.71 1.52 258 2164 3.77 6.43 9.561 1094 7.48 9.13 2.1 1.80 3.80 0.37 0.08 0.07 17.03 0.02 78.36
FIN 1.54 0.95 0.79 8.44 26.15 1069 8.75 7.91 4.48 5.03 1.46 1.64 3.66 0.84 0.40 0.59 16.57 0.10 73.85
NLD 1.60 0.83 1.61 7.75 8.37 2548 8.37 7.66 5.43 5.28 1.61 246  4.38 1.34 0.46 0.97 16.36 0.02 74.52
FRA 1.55 1.32 1.56 9.51 3.78 648 18.82 11.72 819 1145 243 1.62 3.34 0.95 0.27 0.25 16.73 0.02 81.18
BEL 1.68 1.40 1.78 7.06 2.51 4.46 8.01 2082 1333 1353 1.96 2.60 5.73 0.21 0.13 0.07 14.68 0.03 79.18
ESP 1.36 1.04 1.15 5.25 1.43 3.45 6.40 10.64 27.07 1483 290 3.72 7.78 0.13 0.13 0.27 12.37 0.08 72.93
ITA 1.75 1.37 1.40 3.89 1.24 2.59 420 1226 1759 26.15 3.07 4.04 6.72 0.17 0.06 0.07 13.39 0.01 73.85
GRC 1.11 0.79 0.74 2.61 1.59 1.91 4.87 9.32 9.64 7.80 3535 5.98 8.96 0.01 0.01 0.11 9.03 0.16 64.65
PRT 0.74 0.67 0.88 2.25 0.32 0.87 1.41 8.57 9.78 6.57 546 36.05 1592 0.01 0.13 0.03 7.62 2.71 63.95
IRE 1.04 0.80 0.96 3.27 1.83 2.46 3.75 7.79 9.59 4.98 5.08 991 3782 0.01 0.04 0.03 9.37 1.26 62.18
DNK 4.02 4.11 4.79 1.22 2.16 2.24 2.23 0.56 0.24 0.32 0.33 0.32 0.35 64.07 5.21 0.18 7.59 0.06 35.93
SWE 1.26 1.00 0.58 0.15 0.57 0.83 0.37 0.22 0.47 0.30 0.04 0.16 0.10 466 86.95 0.63 1.43 0.28 13.05
GBR 0.20 0.15 0.14 0.33 0.83 1.89 0.52 0.25 1.96 0.84 0.31 0.93 0.80 0.13 1.14 87.63 1.94 0.01 12.37
FACTOR 3.15 2.25 2.62 8.73 4.39 6.27 8.00 1148 10.02 1146 291 3.86 6.75 1.16 0.28 0.28 16.39 0.02 83.61
RATING 0.10 0.01 0.13 0.33 0.09 0.10 0.17 0.87 0.22 0.39 0.17 0.24 1.12 0.03 0.09 0.02 0.29 95.61 4.39
To others 36.65 3445 34.69 ©66.66 34.06 52.05 69.61 107.63 10740 102.44 33.51 4294 7649 2288 1021 3.67 165.87 4.86 |1006.08
To others (+ own)| 89.21 9545 89.05 88.30 60.22 77.53 8843 12845 13446 128.59 68.86 78.99 114.31 86.95 97.17 9130 182.26 100.47 | 55.9%
From others 4744 3899 4564 7836 7385 7452 8118 79.18 7293 73.85 64.65 6395 6218 3593 13.06 12.37 83.61 4.39
Net spillover 10.79 455 1095 11.70 39.78 2247 1157 -28.45 -34.46 -2859 3114 21.01 -1431 13.05 283 8.70 -82.26  -0.47
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Tables 4a and 4b report the results when we use the impulse dummy for rating actions as in
Table 3b but separate the downgrades and upgrades (by any of the three rating agencies). The
results suggest that distinguishing the direction of a rating action matters. In particular, rating
downgrades both receive and transmit more spillover to sovereign bond markets. The impact to
and from individual sovereign bond markets is somewhat weaker than in the previous case and it
seems that rating downgrades follow the developments in sovereign bond markets (the spillover
absorbed is 4.88) rather than vice versa (the spillover transmitted is 2.58). The latter holds when
we consider rating upgrades (Figure 3b), but the overall interrelation with bond markets is weaker.
This evidence is partially at odds with the conclusions of previous event studies arguing that rating
downgrades have a very significant spillover effect on sovereign bond markets. Although we find
that negative rating news is related to more spillover than positive news, it seems that the rating
decisions are followed by developments on bond markets rather than vice versa. However, this
result can also have a negative connotation for rating agencies, suggesting that the role of
sovereign credit ratings as forward-looking information is fairly limited. The fact that rating actions
provide little additional or forward-looking information is apparent from Figure 9, where very few
rating decisions are taken over almost a decade and are heavily concentrated in the recent

period.

Table 5 reports the result when we use an impulse dummy for outlook changes (but in this case
we do not separate the positive and negative outlook assignments). This evidence seems to
suggest more intense spillover across markets (as compared to Table 3b). But it also seems that
rating agencies react more strongly to sovereign bond markets when deciding on changing the
rating outlook than on changing the rating itself (8.25 vs. 4.39). On the contrary, the response of
bond markets to changes in a rating outlook is weaker (2.42 vs. 4.86). This may come as
something of a surprise given that outlook changes signal future rating changes and as such can
be deemed to represent news more than an actual change of rating. However, it seems that bond

markets might not be convinced until the change is actually carried out.

Table 6 disaggregates the impact of rating changes according to the rating agency. Although the
sovereign rating grades assigned by different rating agencies need not coincide, the rating
decisions — especially for downgrades — often do. This is evident from the step dummy for rating
changes, reported in the upper left panel of Figure 9. Still, there are some interesting differences.
In the pre-crisis period, we can see that while the overall rating level of EU sovereigns was
improving (a decreasing overall value of the step dummy) according to Fitch and was worsening
according to S&P, Moody’s took very few rating actions at all. Since the onset of the crisis in

2008/09 all three agencies have been very active. Consequently, Table 6 reports the rating
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spillover when the actions by each rating agency are considered separately. This allows us to

evaluate additionally the spillover between the rating dummies.

Unlike the evidence in Table 3b (and consistently with the step-dummy approach in Table 3a) it
seems that there is more effect of spreads on rating decisions than vice versa. In Table 6 we can
see that this is mainly due to the result for S&P, where the spillover absorbed substantially
exceeds the spillover transmitted. Second, while there is some kind of interplay between the
rating decisions of S&P and Fitch, Moody’s is rather detached from the rating decisions of the
other two agencies. This may also be related to the fact that the frequency of rating changes by
Moody'’s is lower than in the other two cases (see Figure 9). Third, it seems that that Portugal and
Ireland are the two countries whose bond yield spreads absorb the most spillover from rating
decisions. By contrast, the spillover from spreads towards rating decisions is driven mainly by the

spread dynamics of core EMU countries such as Austria, Belgium and France.

Finally, to evaluate the potential international spillover of rating actions it seems useful to separate
the rating actions on individual sovereigns given that the severity of rating actions is concentrated
in a few sovereigns. For instance, Greece was subject to 13 rating actions (including outlook
revisions) by S&P, Portugal and Ireland to 9, etc. These rating actions are heavily concentrated in
the later part of the sample, from 2008 onwards. When including the three rating series, we
confirm the previous finding that rating changes are more affected by sovereign bond markets
than vice versa. When tracking the spillover of a rating decision on a single sovereign (Table 7),
the impact of a country’s rating change — in particular a downgrade — affects the sovereign
spreads of other countries more than its own. For instance, a Greek downgrade affects the
spreads of Portugal and Ireland, while the impact on the Greek spread is very limited. Similarly,
the Portuguese and Irish sovereign spreads imply major spillover towards the Greek rating

variable rather than the dynamics of Greek sovereign spreads themselves.

4.3 Impact of Rating News

The results of the analysis reported in Table 7 suggest international spillover of rating decisions
on Greece, Portugal and Ireland, which were the sovereign ratings subject to more severe
changes in our sample. To learn more about the dynamic response of these rating actions on
domestic and foreign sovereign bond spreads we use impulse-response functions (IRFs). Again,
we aim at generalised IRFs so that the results are invariant to the ordering of the variables.
Figures 9a—c show the 90% bands around the bond spread movement of all 16 EU markets after

a shock to the impulse dummy of Greece, Portugal and Ireland respectively (considering the
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action of all three rating agencies jointly). Figure 8a shows that a rating change, i.e. a downgrade,
of Greek sovereign bonds significantly increases the spread for all GIIPS countries, while the
spread of almost all other countries decreases. Similar findings can be observed in Figures 9b
and 9c for Portugal and Ireland. Interestingly, it seems that CE countries are perceived rather as
safe havens, like the core EMU countries. We can also see that most of the impact materialises
rather quickly, i.e. within around 5 days. After 10 days, the spread rises by 4 to 20 basis points.
However, it should be noted that most of the rating actions related to these three sovereign

issuers were downgrades.

Overall, our findings are in line with previous empirical research using the event studies approach
(e.g. Afonso et al., 2011; Kraussl, 2005; Ismailescu and Kazemi, 2010). In particular, we find bi-
directional causality between ratings and spreads, a higher impact of negative rating actions and
spillover of rating news to other sovereign markets. We also confirm that due to this portfolio a
negative rating action can raise the spread for some countries perceived by investors as being
similar (GIIPS), but can reduce it for other countries (Gande and Parsley, 2005; Arezki et al.,
2011).

A related literature uses discrete response models to analyse the determinants of sovereign debt
rating actions themselves, i.e. which factors rating agencies look at when assigning a certain
rating level. Afonso et al. (2009) explain the level of ratings by debt levels and output growth, for
example. Other papers find that the outlook status, past rating events and the duration of the
existing rating matter (Hill et al., 2010). Empirical studies which, like us, find a bi-directional
causality between changes in ratings and spreads (Afonso et al., 2011; Ismailescu and Kazemi,
2010) imply that ratings rather reflect information from sovereign bond markets. In other words,
ratings do reveal new information to market participants, but confirm existing priors. The habit of
following the market consensus turns out to be very problematic, especially when sovereign
bonds are mispriced (de Grauwe and Ji, 2012). This seems to fit well with the recent European
experience, as prior to the global financial crisis both bond spreads and ratings were subdued and

both rose in step after its onset (compare Figures 1 and 8a).
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Table 4a: Spillover Table, Rating Impulse-Dummy Variable for Rating Downgrades, All Rating Agencies

CZE POL HUN  AUT FIN NLD FRA BEL ESP ITA GRC PRT IRE DNK SWE GBR FACTOR RATING | From
down others
CZE 5242 747 6.61 2.45 0.51 0.74 1.63 2.71 3.51 3.99 0.85 0.91 1.98 4.03 0.90 0.03 9.11 0.16 47.58
POL 6.90 61.09 6.34 1.06 0.20 0.23 0.76 1.76 2.46 2.95 1.15 1.21 1.98 5.31 0.78 0.02 5.72 0.08 38.91
HUN 6.83 8.76 5436 2.31 0.45 0.42 0.62 2.98 3.01 3.59 1.72 1.38 3.13 3.60 0.09 0.05 6.66 0.04 45.64
AUT 1.66 1.51 252 2161 3.79 6.50 954 1094 748 9.13 2.10 1.64 3.78 0.38 0.08 0.08 17.03 0.21 78.39
FIN 1.50 0.94 0.77 8.42 26.20 10.76 8.77 7.90 4.47 5.02 1.44 1.48 3.64 0.86 0.40 0.62 16.56 0.25 73.80
NLD 1.60 0.83 1.60 7.75 8.38 2551 8.39 7.66 5.44 5.28 1.62 2.34 4.37 1.35 0.47 0.97 16.37 0.06 74.49
FRA 1.51 1.31 1.51 9.47 3.80 6.54 1890 11.71 819 11.44 242 1.46 3.32 0.97 0.27 0.27 16.73 0.19 81.10
BEL 1.65 1.39 1.74 7.05 2.53 4.51 8.06 2087 1337 1356 1.97 2.39 5.70 0.22 0.14 0.08 14.70 0.05 79.13
ESP 1.35 1.03 1.14 5.22 1.42 3.45 6.38 10.61 2718 14.82 299 3.68 7.80 0.13 0.13 0.27 12.37 0.02 72.82
ITA 1.74 1.38 1.39 3.92 1.26 2.62 424 1231 17.65 26.24 3.06 3.75 6.68 0.18 0.06 0.07 13.45 0.01 73.76
GRC 1.15 0.81 0.79 2.69 1.59 1.88 4.89 9.39 9.66 784 3526 5.85 8.95 0.01 0.01 0.09 9.11 0.03 64.74
PRT 0.83 0.69 1.01 2.32 0.30 0.82 1.35 8.64 9.96 6.63 587 37.15 16.16 0.01 0.14 0.04 7.74 0.35 62.85
IRE 1.08 0.80 1.00 3.28 1.80 2.43 3.72 7.80 9.73 5.00 536 10.22 38.08 0.01 0.05 0.02 9.43 0.21 61.92
DNK 3.97 4.12 4.74 1.23 2.18 2.25 2.24 0.56 0.24 0.32 0.30 0.25 0.34 6414 523 0.18 7.59 0.12 35.86
SWE 1.22 0.98 0.55 0.14 0.56 0.84 0.37 0.23 0.47 0.31 0.04 0.16 0.10 464 86.64 0.65 1.41 0.68 13.36
GBR 0.22 0.15 0.15 0.33 0.84 1.89 0.53 0.25 1.97 0.86 0.30 0.86 0.77 0.13 1.17  87.56 1.96 0.06 12.44
FACTOR 3.13 2.25 2.60 8.72 4.40 6.31 8.02 1149 10.05 1147 2093 3.67 6.73 1.18 0.28 0.28 16.42 0.06 83.58
RATING down 0.17 0.04 0.14 0.50 0.47 0.33 0.45 0.37 0.27 0.13 0.67 0.10 0.14 0.15 0.25 0.12 0.57 95.12 4.88
To others 36.53 3446 3459 66.87 3450 5251 6997 107.31 107.92 102.33 3481 4134 7556 23.16 1046 3.86 166.50 2.58 |[1005.25
To others (+ own)| 88.95 9555 88.95 8847 60.70 78.02 88.87 128.18 13510 128.57 70.07 7849 113.64 87.29 9710 9142 18292 97.70 56%
From others 4758 3891 4564 7839 7380 7449 8110 7913 7282 7376 64.74 6285 6192 3586 13.36 1244 83.58 4.88
Net spillover 11.05 445 1105 1153 3930 2198 11.13 -28.18 -35.10 -2857 2993 2151 -13.64 1271 290 8.58 -82.92 2.30
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Table 4b: Spillover Table, Rating Impulse-Dummy Variable for Rating Upgrades, All rating Agencies

CZE POL HUN  AUT FIN NLD FRA BEL ESP ITA GRC PRT IRE DNK SWE GBR FACTOR RATNG oFt:;Ts
CZE 52.47 7.50 6.63 2.52 0.52 0.75 1.66 2.75 348  4.02 0.79 0.83 1.94 4.03 0.90 0.03 9.15 0.02 47.53
POL 699 61.08 6.38 1.10 0.21 0.22 0.77 1.78 244 2.96 1.09 1.10 1.96 5.34 0.79 0.02 5.74 0.01 38.92
HUN 6.88 8.78 5440 235 0.46 0.42 0.64 3.00 2.99 3.60 1.65 1.30 3.1 3.60 0.09 0.06 6.68 0.01 45.60
AUT 1.68 1.54 257 2178 3.83 6.50 960 11.00 7.44 9.17 2.01 1.51 3.70 0.39 0.09 0.08 17.09 0.01 78.22
FIN 1.53 0.97 0.79 852 26.29 10.77 8.82 7.95 445 5.05 1.38 1.38 3.58 0.87 0.41 0.60 16.62 0.02 73.71
NLD 1.61 0.84 1.62 7.77 8.38 2555 8.39 7.67 5.44 5.29 1.60 2.30 4.36 1.36 0.47 0.96 16.38 0.01 74.45
FRA 1.52 1.34 1.54 9.57 3.83 6.56 1897 1176 816 1149 234 1.37 3.25 0.97 0.28 0.26 16.78 0.01 81.03
BEL 1.67 1.42 1.77 7.12 255 451 810 2093 13.34 13.59 1.90 2.29 5.64 0.22 0.14 0.07 14.74 0.01 79.07
ESP 1.35 1.04 1.15 5.24 1.43 3.46 6.40 10.64 2719 1485 293 3.62 7.78 0.13 0.13 0.27 12.39 0.00 72.81
ITA 1.75 1.39 1.40 3.93 1.26 2.62 425 1233 17.64 26.28 3.02 3.69 6.66 0.18 0.06 0.07 13.46 0.00 73.72
GRC 1.12 0.79 0.76 2.59 1.56 1.89 4.82 9.29 9.69 7.78 3549 6.04 9.02 0.01 0.01 0.11 9.02 0.00 64.51
PRT 0.80 0.66 0.98 2.20 0.27 0.81 1.30 8.52 9.99 6.53 593 37.65 1646 0.01 0.15 0.04 7.63 0.08 62.35
IRE 1.05 0.80 1.00 3.23 1.78 2.45 3.69 7.78 9.77 498 534 10.36 38.25 0.01 0.05 0.03 9.41 0.03 61.75
DNK 3.97 4.13 4.74 1.25 2.21 2.28 2.27 0.57 0.24 0.33 0.29 0.23 033 6412 523 0.19 7.62 0.02 35.88
SWE 1.24 1.01 0.56 0.15 0.58 0.85 0.38 0.23 0.46 0.31 0.03 0.13 0.09 468 8711 0.65 1.44 0.09 12.89
GBR 0.23 0.15 0.15 0.33 0.82 1.85 0.52 0.25 1.96 0.84 0.31 0.90 0.81 0.14 1.16  87.61 1.93 0.05 12.39
FACTOR 3.14 2.27 2.62 8.78 4.42 6.32 8.05 1153 10.03 1150 2.87 3.57 6.69 1.18 0.29 0.28 16.46 0.00 83.54
RATING up 0.26 0.07 0.21 0.12 0.04 0.06 0.09 0.26 0.03 0.01 0.02 0.01 0.18 0.03 0.04 0.14 0.04 98.40 1.60
To others 36.80 34.69 34.87 ©66.76 34.16 5231 69.75 107.31 107.53 102.30 33.51 40.66 7555 23.15 10.28 3.84 166.12 0.36 999.95
To others (+ own)| 89.27 95.77 89.26 88.55 6045 77.86 88.71 128.24 134.72 128.58 69.00 78.31 113.81 87.28 97.39 9145 18257 98.76 56%
From others 4753 38.92 4560 78.22 73.71 7445 81.03 79.07 7281 7372 6451 6235 6175 3588 1289 1239 83.54 1.60
Net spillover 10.73 423 10.74 1145 3955 2214 1129 -2824 -34.72 -28.58 31.00 21.69 -13.81 1272 2.61 8.55 -82.57 1.24
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Table 5: Spillover Table, Rating Impulse-Dummy Variable for Rating Outlook, All Rating Agencies

46

CZE POL HUN AUT FIN NLD FRA BEL ESP ITA GRC PRT IRE DNK SWE GBR FACTOR REVISION oFt::aTs
CZE 52.01 747 6.62 2.62 0.51 0.77 1.70 2.85 359 407 085 0.81 193 4.00 0.91 0.03 9.25 0.01 47.99
POL 6.91 61.01 6.37 1.12 0.21 0.23 0.78 1.81 247 298 1.1 1.12 1.94 530 0.79 0.02 5.79 0.02 38.99
HUN 6.89 8.78 5435 2.36 0.46 0.42 0.63  3.01 2.99 3.59 1.66 1.31 3.09 360 0.09 0.06 6.70 0.01 45.65
AUT 1.69 1.53 264 2182 3.79 6.41 9.56 10.87 7.31 9.30 1.90 1.59 3.80 0.41 0.09 0.07 17.13 0.10 78.18
FIN 1.49 0.96 0.81 852 26.19 10.75 8.81 7.91 4.41 511 1.34 1.41 3.62 0.88  0.41 0.60 16.64 0.15 73.81
NLD 1.59 0.83 1.67 7.64 8.30 2555 8.30 7.50 5.30 5.36 149 240 444 1.40 0.46 0.97 16.34 0.47 74.45
FRA 1.52 1.33 1.58 9.54 3.78 648 19.01 11.69 807 11.61 2.26 1.41 3.32 1.01 0.28 0.25 16.81 0.06 80.99
BEL 1.67 1.41 1.81 7.07 252 4.46 8.07 2090 1325 1372 182 235 5.73 024 013 0.07 14.76 0.05 79.10
ESP 1.37 1.03 1.17 5.19 1.40 3.41 6.36 10.56 27.11 1492 2.86 3.68 785 0.14 0.13 0.26 12.37 0.20 72.89
ITA 1.78 1.38 1.39 3.90 1.27 261 423 1230 17.57 26.29 299 3.72 6.68 0.18 0.06 0.07 13.47 0.11 73.71
GRC 1.12 0.78 0.80 2.46 1.50 1.78  4.71 9.09 9.51 790 3559 6.27 9.21 0.01 0.02 0.10 8.95 0.19 64.41
PRT 0.79 0.66 095 223 0.28 0.85 1.32 8.57 9.99 645 599 3723 16.20 0.01 0.15 0.03 7.64 0.65 62.77
IRE 1.07 0.79 1.00 3.24 1.77 243 3.69 7.79 9.74 498 533 10.33 38.26 0.01 0.05 0.02 9.42 0.06 61.74
DNK 395 4.1 4.77 1.25 216 225 225 0.56 0.24 0.33 029 0.23 0.33 6399 522 0.18 7.60 0.28 36.01
SWE 1.26 1.01 0.57 0.15 0.58 0.84 0.38 0.23 0.45 0.31 0.03 0.13 0.09 471 8721 0.63 1.43 0.01 12.79
GBR 0.21 0.15 0.14  0.32 0.82 1.85  0.51 0.23 1.90 0.83 0.28 0.95 0.81 0.13 113 87.82 1.90 0.02 12.18
FACTOR 3.15 2.26 266 876 438 6.28 8.03 1147 995 1159 2.80 3.64 6.76 1.20 0.28 0.28 16.48 0.02 83.52
REVISION 0.11 0.11 0.03 0.69 0.07 0.17 1.36 1.08 1.87 047 0.29 0.73 0.18 0.28 0.12 0.31 0.39 91.75 8.25
To others 36.58 3458 3499 67.05 33.82 5197 70.72 107.50 108.61 103.51 33.29 42.07 7597 2351 1031 3.95 166.60 242 [1007.44
To others (+ own)| 88.59 95,59 89.34 8887 60.00 77.52 89.73 128.40 135.72 129.79 68.88 79.30 11423 8749 9752 91.78 183.09 94.17 56.0%
From others 4799 38.99 4565 7818 73.81 7445 8099 79.10 7289 7371 6441 6277 6174 36.01 1279 1218 83.52 8.25
Net spillover 1141 441 1066 1113 40.00 2248 10.27 -28.40 -35.72 -29.79 31.12 20.70 -14.23 1251 2.48 8.22 -83.09 5.83
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Table 6: Spillover Table, Rating Impulse-Dummy Variable, Rating Agencies Separately

CZE POL HUN AUT FIN NLD FRA BEL ESP ITA GRC PRT IRE DNK SWE GBR FACTOR RATING RATING RATING) - From
Fitch Moody’'s S&P | others
CZE 5246 746 653 246 051 072 163 275 352 401 080 086 200 401 091 0.02 907 0.24 0.00 0.04 47.54
POL 6.95 6113 6.37 1.05 019 021 075 176 244 295 112 125 192 527 0.78 0.02 5.65 0.16 0.01 0.01 38.87
HUN 6.82 8.72 5423 229 044 040 062 3.00 3.03 358 169 142 319 355 0.09 0.06 6.60 0.17 0.02 0.09 45.77
AUT 171 151 258 2156 375 639 948 1093 747 913 211 180 382 0.37 0.08 0.08 16.98 0.12 0.01 0.10 78.44
FIN 155 094 080 844 2612 1068 876 793 446 504 145 162 362 085 041 059 16.55 0.17 0.00 0.01 73.88
NLD 159 083 160 7.73 834 2538 834 768 545 530 161 245 444 135 047 097 16.32 0.01 0.00 0.13 74.62
FRA 156 132 157 948 376 646 1876 1169 817 1143 243 164 337 096 027 025 16.70 0.10 0.01 0.04 81.24
BEL 170 140 181 7.05 250 445 799 20.72 1328 1349 199 265 576 022 0.14 0.07 14.65 0.02 0.01 0.10 79.28
ESP 137 1.03 118 525 142 344 641 1064 27.02 1488 290 373 770 0.14 0.14 026 1236 0.00 0.08 0.05 72.98
ITA 1.78 138 144 390 124 260 421 1223 1752 26.12 3.09 410 669 0.18 0.06 0.07 13.39 0.00 0.01 0.02 73.88
GRC 112 078 075 260 158 191 489 934 957 780 3548 598 886 0.01 0.01 0.10 9.00 0.01 0.15 0.06 64.52
PRT 072 065 08 221 031 084 139 862 975 657 536 36.10 1591 001 013 0.04 7.53 0.22 1.46 1.33 63.90
IRE 1.07 077 101 327 180 244 379 782 948 504 505 987 3757 0.01 0.04 002 935 0.30 1.11 0.20 62.43
DNK 403 411 480 122 216 224 223 056 025 032 033 031 034 64.08 520 0.17 7.58 0.02 0.03 0.02 35.92
SWE 126 099 057 015 056 083 037 023 046 030 0.04 0.15 009 465 87.01 0.62 1.42 0.12 0.12 0.07 12.99
GBR 020 0.14 013 033 083 189 052 026 19 083 030 091 079 012 113 8758 1.92 0.03 0.08 0.03 12.42
FACTOR 316 224 263 871 437 6.25 8.00 1148 999 1147 290 386 6.73 117 028 0.27 16.36 0.03 0.01 0.07 83.64
RATING Fitch 0.12 0.04 0.08 018 032 012 048 019 0.07 0.06 0.01 004 055 001 007 0.04 0.17 97.01 0.10 0.33 2.99
RATING Moody’s | 0.07 0.01 0.05 0.05 0.04 0.07 005 031 007 0.12 008 0.05 0.10 0.05 0.19 0.31 0.02 0.08  98.23 0.04 1.77
RATING S&P 0.03 004 019 113 002 039 106 173 060 095 0.18 037 082 0.08 013 0.06 1.05 0.32 0.10  90.75 9.25
To others 36.79 34.34 3495 67.49 34.14 52.34 70.96 109.16 107.54 103.27 33.45 43.08 76.70 23.00 10.52 4.03 166.32 2.14 3.33 2.78 |1016.32
To others (+ own) | 89.24 9547 89.18 89.05 60.26 77.72 89.73 129.88 134.56 129.39 68.93 79.18 114.27 87.08 97.53 91.61 182.68 99.15 101.56 93.53 | 50.8%
From others 47.54 38.87 45.77 78.44 73.88 74.62 81.24 79.28 72.98 73.88 64.52 63.90 62.43 3592 12.99 1242 83.64 2.99 1.77 9.25
Net spillover 10.76 453 10.82 10.95 39.74 22.28 10.27 -29.88 -34.56 -29.39 31.07 20.82 -14.27 1292 247 839 -8268 0.85 -1.56 6.47
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Table 7: Spillover Table, Rating Impulse-Dummy Variable for Greece, Ireland and Portugal Separately, All Rating Agencies

CZE POL HUN AUT FIN NLD FRA BEL ESP ITA GRC PRT IRE DNK SWE GBR FACTOR Rg'l;(N;G RAIQI[\IG RAI;E_II\_IG ()Ft:)er:ls
CZE 5245 746 662 246 048 070 162 271 352 399 081 091 18 4.00 092 0.03 9.05 0.05 0.02 0.32 47.55
POL 6.88 6109 636 108 019 021 076 178 247 295 110 121 195 527 0.79 0.02 5.70 0.03 0.02 0.12 38.91
HUN 6.82 878 5456 229 041 038 061 294 301 356 171 140 299 358 0.09 0.06 6.57 0.00 0.18 0.06 45.44
AUT 165 152 255 2178 374 638 958 1099 751 918 205 165 359 038 010 0.08 17.03 0.06 0.01 0.16 78.22
FIN 1.50 095 0.77 846 26.27 1067 882 795 451 506 142 152 350 085 043 059 16.59 0.07 0.01 0.06 73.73
NLD 158 083 160 7.75 834 2555 839 766 548 528 163 244 426 134 048 098 16.37 0.02 0.00 0.02 74.45
FRA 150 132 154 0956 378 647 19.00 11.75 820 1146 237 147 313 097 029 027 16.74 0.01 0.01 0.18 81.00
BEL 165 141 177 712 252 446 810 2096 1341 1358 193 239 546 022 015 0.08 14.73 0.00 0.00 0.07 79.04
ESP 134 104 116 525 142 341 638 1056 2720 14.75 297 372 755 0.14 0.14 029 1235 0.04 0.02 0.27 72.80
ITA 1.72 139 140 395 126 259 424 1230 1769 2624 3.05 379 650 0.18 0.06 0.08 13.45 0.02 0.01 0.07 73.76
GRC 111 079 077 261 158 192 482 931 969 775 3532 6.02 901 001 0.01 0.11 9.05 0.08 0.01 0.03 64.68
PRT 083 069 098 226 030 087 134 854 992 656 586 36.79 16.44 0.01 0.15 0.03 7.73 0.33 0.01 0.36 63.21
IRE 1.03 079 100 319 174 237 363 7.64 971 488 540 1062 3758 0.01 0.04 0.03 9.28 0.96 0.02 0.08 62.42
DNK 397 410 476 124 217 225 226 058 024 033 029 026 035 64.09 525 0.17 7.63 0.01 0.02 0.04 35.91
SWE 124 100 056 015 059 086 038 023 047 031 0.03 012 0.09 468 86.96 0.64 1.44 0.01 0.01 0.24 13.04
GBR 021 014 012 032 080 182 052 025 201 085 032 09 084 012 116 8743 1.91 0.06 0.14 0.03 12.57
FACTOR 311 226 262 877 437 6.25 8.04 1152 1010 1149 291 373 655 118 030 028 1643 0.00 0.01 0.07 83.57
RATING GRC 0.02 0.00 0.00 0.07 018 033 021 0.10 0.08 004 008 034 191 0.06 0.02 0.05 0.05 96.41 0.01 0.02 3.59
RATING IRL 0.04 001 020 0.07 009 0.10 0.08 0.03 006 0.01 0.01 002 0.05 0.02 012 0.13 0.05 0.01 98.89 0.02 1.11
RATING PRT 047 006 004 041 019 024 057 091 027 010 011 011 0.62 0.09 0.28 0.04 0.38 0.02 0.01 95.07 4.93
To others 36.65 34.53 34.82 67.02 34.16 52.29 70.34 107.76 108.37 102.12 34.06 42.68 76.65 23.11 10.79 3.97 166.12 1.80 0.50 2.20 [1009.94
To others (+ own) | 89.11 95.63 89.38 88.80 60.43 77.84 89.33 128.72 135.57 128.36 69.37 79.47 114.23 87.20 97.75 91.39 18255 98.21 99.39 97.27 | 50.5%
From others 47.55 38.91 4544 78.22 73.73 7445 81.00 79.04 72.80 73.76 64.68 63.21 62.42 3591 13.04 12.57 83.57 3.59 1.11 4.93
Net spillover 10.89 4.37 10.62 11.20 39.57 22.16 10.67 -28.72 -35.57 -28.36 30.63 20.53 -14.23 12.80 225 8.61 -82.55 1.79 0.61 2.73
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Figure 9a: VAR Model: Sovereign Spread Response to Change in Rating (Change in Rating of Greece)
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Figure 9b: VAR Model: Sovereign Spread Response to Change in Rating (Change in Rating of Portugal)
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Figure 9c: VAR Model: Sovereign Spread Response to Change in Rating (Change in Rating of Ireland)
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5. Conclusion

The speed and depth with which fiscal problems have spread across eurozone countries has
come as a surprise to markets. Although there is quite some evidence that sovereign risk premia
are driven by a common or global factor, especially in emerging market economies, this kind of
contagion was not expected to happen in the EU. Events since the start of the debt crisis in May
2010, coupled with a very rapid rise in bond spreads and the downgrading of all EMU countries

but Germany, show that Europe is not immune to contagion on sovereign bond markets.

In this paper, we analyse the bilateral linkages between sovereign bond markets in detail using
the forecast-error variance decompositions from a VAR with daily sovereign bond spreads vis-a-
vis Germany since 2000. Our results indicate that the spillover has increased substantially and
permanently since 2007 but that there is a lot of heterogeneity in the bilateral spillover sent and
received between specific markets. Spillover is more important than domestic factors for all EMU
countries due to the importance of a common factor as well as bilateral linkages. The CE
countries affect each other, but Denmark, Sweden and the UK are insulated from the impact of

other EU countries.

Our VAR-based evidence on rating announcements is in general consistent with previous studies
on EMU countries, but a few findings are substantially different. We find that sovereign rating
news contains some new information and has a significant impact on spreads. However, in most
cases the spillover running from spreads towards rating decisions is similar or even stronger. This
result, which is robust across different alternatives of the rating variable in the VAR, suggests that
in general rating actions react to sovereign bond market developments rather than providing much
additional information. Still, even though the effect of rating news on sovereign spreads is not in
general very strong, its effect can be nonlinear. Consistently, we find that rating actions on most
troubled sovereigns (Greece, Ireland and Portugal), i.e. mainly downgrades near or within the
speculative grade, spill over internationally. The effect is immediate and generalised but rather
heterogeneous. Indeed, while the spreads for some countries widen, those for some others

narrow due to reallocation of investments.

There are several possible extensions to the analysis of rating decisions in this paper. First, we
might consider including different asset markets (sovereign bonds, corporate bonds, stock
markets, the banking sector) in a single VAR. This is important given that markets interact, which
in the European context holds especially for sovereign bond markets and the banking sector.
Second, we examine the effect of rating decisions, but those arguably have important effects on

sovereign bond prices on other asset markets as well both domestically and abroad. Adjustments
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of sovereign ratings affect the financing costs of firms and banks (Kaminsky and Schmukler,
2002). The sovereign bond rate puts a floor under the bond market, as sovereign bonds are
usually considered to be the safest asset. Business financing on bond markets should suffer the

consequences immediately, since rises in the bond rate translate directly into increases in the

risk-free rate (the price channel).
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APPENDIX

Table A.1: Spillover Table, No Factor, Full Sample (May 2000—February 2012)

CZE POL HUN AUT FIN NLD FRA BEL ESP ITA  GRC PRT IRE DNK SWE GBR OFt:;r;
CZE 57.80 826 7.32 276 057  0.81 1.81 3.02 383 442 088 091 213 445 1.00 0.03 42.20
POL 736 6489 677 117 022 024 082 189 259 315 116 119 206 564 0.83 0.02 35.11
HUN 735 942 5832 252 049 045 068  3.21 320 38 177 140 332 3586 0.09 0.06 41.68
AUT 204 185 309 2628 463 783 1158 1328 897 11.07 241 182 448 047  0.11 0.09 73.72
FIN 183 115 094 1022 3155 1291 1059 955 534 606 165 166 430 104 049 072 68.45
NLD 192 100 192 929 10.04 30.56 10.04 9.18  6.51 633 190 275 522 161 056  1.16 69.44
FRA 185 160 185 1151 4.61 786 2279 1415 980 1381 280 163 393 117 033  0.31 77.21
BEL 196 165 207 835 300 529 950 2456 1564 1595 222 267 663 026 016  0.09 75.44
ESP 155 118  1.31 598 163 394 730 1215 3104 1695 334 412 890 015 015 0.31 68.96
ITA 202 160 161 454 146 303 491 1425 2039 30.38 349 426 7.70 0.21 0.07 0.08 69.62
GRC 124 087 084 284 171 208 529 1021 1065 855 39.04 664 991 0.01 0.02 0.12 60.96
PRT 085 072 106 237 029 089 1.41 923 1083 7.07 642 4085 17.79 0.01 0.16  0.04 59.15
IRE 118 087 110 357 197 269 408 860 10.78 550 588 11.38 4230 0.01 0.05  0.03 57.70
DNK 432 447 514 135 238 244 244  0.61 026 035 032 025 035 6944 568 0.19 30.56
SWE 127 102 057 015 059 085 039 023 047  0.31 0.04 013 0.09 477 8848 0.64 11.52
GBR 0.21 015 014 034 08 193 054 026  2.01 0.86  0.31 094 082 013 116 89.37 | 10.63
To others 36.95 3583 3574 66.98 3444 5323 7137 109.81 11127 10424 3459 4174 77.63 2379 10.86 3.88 | 852.35
To others (+own) | 94.75 100.73 94.06 9326 6598 8379 9416 134.36 142.31 13462 7364 8259 11994 9323 9934 9324 | 53.3%
From others 4220 3511 4168 7372 6845 6944 7721 7544 6896 6962 6096 59.15 5770 3056 11.52 10.63
Net spillover 525 -073 594 674 3402 1621 584 -34.36 -42.31 -3462 2636 1741 -19.94 6.77 066 6.76
Share in spillover] 433 420 419 786 4.04 625 837 1288 1115 1045 347 418 7.78 238 1.09 0.39
transmission
Share in spillover| 495 412 489 865 803 815 906 88 809 817 715 694 677 358 135 125
absorption
Share in spilloverl 929 832 908 1651 1207 1439 1743 2173 1924 1862 1062 1112 1455 597 244 164

overall
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Table A.2: Spillover Table, De-Factorised Spread Series, Full Sample (May 2000—February 2012)

CZE POL HUN AUT FIN NLD FRA BEL ESP ITA  GRC PRT IRE DNK SWE GBR From
CZE 3417 367 147 717 829 786 689 299  0.61 005 070 005 012 981 9.10  7.03 %tg%re?
POL 6.20 5208 263 388 484 434 376 163 040 003 013 003 005 9.21 6.26  4.53 47.92
HUN 496 834 8236 023 024 010  0.01 0.01 004 015 004  0.01 007 291 036  0.17 17.64
AUT 185 033 001 1639 13.88 1400 1368 803 145 014 060 0.02 009 805 1063 10.87 | 83.61
FIN 220 038 003 1265 1577 1437 1325 766 146 010 054 003 010 881 11.09 1157 | 84.23
NLD 223 036 001 1253 1442 1542 1317 763 162  0.11 050 0.07 0.1 9.01 1110 1172 | 8458
FRA 189 033 003 1275 1372 1382 1564 830 175 037 046  0.01 006 869 1093 1123 | 84.36
BEL 115 016 006 1086 1151 1176 1266 1925 555 190 080 005 019 559 937 913 80.75
ESP 059 005 037 694 7.21 800 89 810 3368 627 003 059 154  3.31 6.77  7.62 66.32
ITA 059 008 032 438 615 635 544 977 1727 3391 002 052 063 287 564 6.06 66.09
GRC 1.61 059 030 630 526 573 397 087 020 005 5560 208 237 609 503 395 44.40
PRT 009 0.1 005 004 004 005 010 199 437 047 439 7112 1679 022 010 0.08 28.88
IRE 008 018 020 030 073 063 053 136 370 174 329 1277 7361 020 023 046 26.39
DNK 290 086 009 1144 1342 1318 1223 635 084 003 055 002 003 1540 1191 10.77 | 84.60
SWE 2.71 067 002 1126 1291 1284 1170 682 189 019 043 010 009 960 17.96 10.82 | 82.04
GBR 232 046 001 1122 1298 1321 1179 698 236  0.31 039 017 016 827 10.89 1849 | 81.51
To others 3137 1656 559 111.97 12560 126.24 11812 7848 4350 1191 12.85 1651 2239 92.63 109.40 106.01 | 1029.14
To others (+ own) | 65.55 68.64 87.94 12835 14137 14167 13376 97.73 7719 4582 6845 87.63 96.00 108.03 127.36 12450 | 64%
From others 65.83 47.92 1764 8361 8423 8458 8436 80.75 6632 66.09 4440 2888 2639 84.60 8204 81.51
Net spillover 3445 3136 12.06 -28.35 -4137 -4167 -33.76 227 2281 5418 3155 1237 400 -8.03 -27.36 -24.50
Share in spillover, 3.05  1.61 0.54 1088 1220 1227 1148 763 423 116 125 160 218 900 10.63 10.30
tranamissinn
Share in spillover 640  4.66 1.71 812 818 822 820 785 644 642 431 2.81 256 822 7.97 792
absorption
Share in spilloverl 944 627 226 19.00 20.39 2048 1967 1547 1067 7.58 556  4.41 474 1722 1860 18.22

overall
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