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Non-Technical Summary

Eurozone sovereign bond markets have experienced considerable and persistent tur-
moil in recent times. Most sovereigns have suffered downgrades to their credit ratings
since 2010. Against this background, there is a burgeoning literature on how sovereign
bond markets within the Eurozone have interacted with each other during periods of
turbulence. In particular, there have been studies of whether contagion - an excessive
co-movement between bond spreads following a shock in one market - has arisen. Re-
sults differ across studies, with some finding evidence for contagion while others do
not.

We shed new light on the topic by analysing relationships among ten Eurozone
countries using daily 10-year sovereign bond spreads over Germany from January 2003
to December 2014. Daily bond spreads for the United States are also included to con-
trol for external events. We follow Forbes and Rigobon (2002) in defining contagion as
a significant increase in market dependence between normal and crisis periods. The
econometric methodology allows us define such periods and the econometric output
points towards a three-regime characterisation of the data since 2003: a “good” normal
environment and two states of crisis, termed the “bad” and the “ugly”. There is a strik-
ing difference between the volatility increases experienced by Greece, Ireland, Portugal
and Spain (the GIPS) and core countries, such as Finland and the Netherlands, between
normal and crisis phases with the former group experiencing much larger increases.

A striking feature of our results is that there are relatively few examples of conta-
gion among the member states. When contagion is detected, it occurs more often in
the “ugly” than in the “bad” regime. This highlights the importance of differentiating
between the two phases of the crisis and not treating it as one homogenous event. Con-
tagion does not emanate exclusively from the GIPs. There is at least as much evidence
of contagion stemming from “core” countries. This is consistent with the view that
larger financial markets process information more efficiently and transmit the “news”
to more peripheral markets and that smaller sovereign bond markets, while under
more stress, have less ability to generate contagion than core member states.

We conclude that with most relationships remaining stable over the sample period,
it was not changes to the shock transmission mechanism that caused the spread of
the sovereign debt crisis. Rather its propagation was due to pre-existing cross-country
linkages that had built up during the benign economic conditions that characterised
the pre-crisis period. Once shocks arose in bond markets, their transmission to other
markets should not have been unexpected given the interdependencies between Euro-
zone sovereign bond markets that existed before the crisis.
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Abstract

We analyse the stability of linkages across Eurozone bond markets during the
sovereign debt crisis. We distinguish between contagion and interdependencies as
mechanisms for spreading the turmoil across bond markets. Using a three-regime
Markov switching VAR, we identify two distinct phases of the crisis - the bad and
the ugly - and find differences in shock transmission between them. Overall, evi-
dence of contagion is scant and interdependence is the more common determinant
of market comovements.
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1 Introduction

Eurozone sovereign bond markets have experienced considerable and persistent tur-
moil in recent times. Most sovereigns have suffered downgrades to their credit ratings
since 2010. Greece, Ireland, and Portugal required bailout programmes and the Eu-
ropean Central Bank (ECB) intervened in the market to purchase the bonds of larger
countries like Spain and Italy. We analyse the stability of Eurozone sovereign bond
cross-market linkages over the period 2003 - 2014, and empirically test for contagion
among member states. Contagion is defined as the excessive co-movement between
bond spreads following a shock in one market, while normal levels of comovement
constitute “interdependencies”.

There is already a burgeoning literature on the role of contagion in the spread of
the Eurozone sovereign debt crisis. Results differ across studies with, for example,
Arghyrou and Kontonikas (2012) and Metiu (2012) both finding extensive evidence of
contagion. The former finds that Greece was the main source of contagion in the early
stages of the crisis, while the later stages of the crisis were characterised by multiple
sources of contagion. The latter finds evidence of contagion emanating from all periph-
eral countries. In contrast, both Beirne and Fratzscher (2013) and Claeys and Vasicek
(2014) find limited evidence of contagion among Eurozone sovereign bond markets.
Both document very short periods during which contagion played a role but it is lim-
ited in time and markets.

Caporin et al. (2013) attribute the propagation of shocks in Eurozone bond markets
to integration (or interdependencies) rather than contagion. Mink and de Haan (2013)
focus exclusively on the transmission of the Greek crisis and find that bond prices in
other distressed peripheral Eurozone states react to news about Greece. However, this
is attributed to a learning process rather than a contagious effect. Blatt et al. (2015) dis-
tinguish between contemporaneous contagion and dynamic spillovers. Interestingly,
Greece is not found to generate immediate contagion but rather its shocks are trans-
mitted through a change in dynamics. On the other hand, Italy, Spain and Portugal are
found to be potentially contagious to other Eurozone countries. Conefrey and Cronin
(2015) note a marked increase in spillovers between Eurozone bond markets during
the crisis. Their results indicate Greece becoming detached from the other markets af-
ter its second bailout in March 2012.

We shed new light on the topic by analysing cross-market relationships in a three-
regime Markov-switching model. This allows us to identify two distinct phases of
the “crisis” and provides a more subtle understanding of shock transmission during
the different phases. We employ a Markov-switching VAR (MS-VAR) model to date
the phases of the crisis and then apply a multivariate test for contagion introduced
by Dungey et al. (2005). The crisis is best captured by two distinct regimes and both
exhibit different patterns of shock transmission. Contagion plays a limited role in prop-
agating shocks in both phases of the crisis but is relatively more important during the
highest volatility regime. In the vast majority of cases, market comovements are due
to interdependencies.

Section 2 presents our methodological framework and data. Empirical results are



discussed in Section 3, while Section 4 contains our conclusions.

2 Data and methodological framework

We analyse daily 10-year sovereign bond spreads over Germany for ten Eurozone
countries (Austria (AT), Belgium (BE), Spain (ES), Finland (FI), France (FR), Greece
(GR), Ireland (IE), Italy (IT), Netherlands (NL), Portugal (PT)) and the US over the pe-
riod from January 2003 to December 2014. Figure 1 plots the data. Eurozone country
spreads over Germany are all negligible up to mid-2007. The emergence of turbulence
in the U.S. financial system at that time heralds a change in sovereign bond market con-
ditions which worsens as the Eurozone sovereign debt crisis begins in 2009 and then
deepens. During this period, there is a distinct difference in the range of movements
between the ‘core’ countries of Austria, Belgium, Finland, France, and the Netherlands
versus the ‘peripheral’ countries of Greece, Ireland, and Portugal. Italy and Spain lie
somewhere in between due to the aggressive bond buying programme of the ECB
that were instigated when these countries experienced funding difficulties. The core
group continue to have relatively low spreads over Germany, while the risk premium
demanded to hold the bonds of peripheral countries soars. These spreads, and fiscal
sustainability concerns more generally, forced Greece, Ireland and Portugal out of the
international bond markets and into bailout programmes.

Insert Figure 1 about here

We include the US to control for external events and thereby disentangle global
from country-specific shocks. All data are sourced from Datastream. Our sample cov-
ers the period from 1 January 2003 to 31 December 2014. We begin in 2003 to avoid
contamination from earlier bond crises in Russia and Latin America. Unit root tests
indicate that the spreads are I(1) processes so we choose to work with first differences.
Table 1 presents summary statistics for the variables employed in the analysis.

Insert Table 1 about here

There is a clear difference between the Eurozone “core” and periphery states, with
Greece, Ireland, Italy, Spain and Portugal all exhibiting greater mean changes and
volatility than their Eurozone neighbours. Greece records the largest average spread
change and the highest volatility. With the exception of Portugal, the other periphery
countries all experience negatively skewed spread changes over Germany, in contrast
to the positively skewed changes for the core. All variables exhibit fat tails with Greece,
in particular, having large measures of kurtosis. The summary statistics suggest that
a single state model is not going to be sufficient to capture the characteristics of these
daily bond spread changes and that a regime-switching framework may be more suit-
able to jointly model these variables.

2.1 Methodology

An empirical investigation requires a testable definition of contagion and a method of
dating the crisis. Following Forbes and Rigobon (2002), we define contagion as a signif-
icant increase in market dependence between normal and crisis periods. We estimate
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a fixed transition probability (FTP) MS-VAR and use the estimated smoothed proba-
bilities to date the crisis endogenously.! Many studies of contagion focus on “normal”
versus “crisis” periods but we find that a three-regime specification better characterises
the evolution of bond market conditions over the sample with the crisis exhibiting two
distinct phases.

The model is specified as follows:

K

Yir = a(s) + Z Bi(st)Yip—k + 6537 (1)
k=1

St € {172a3}7 (2)

el ~i.i.d.N(0,02), 3)

in which y; ; is an n-dimensional time series vector of dependent variables, « is a matrix
of state-dependent intercepts, 3 . . . i are matrices of the state-dependent autoregres-
sive coefficients and ¢}, is a state dependent noise vector, which has a zero mean and
constant variance within each regime. As s, is unobserved, we assume that it follows
a first-order Markov process, which determines the regime path.

We then proceed to test for contagion between each pair of markets by implement-
ing the multivariate test of Dungey et al. (2005). This involves estimating a system of
equations with the following form.

ﬂ :Ni+ui*51,t+ﬂi*52,t+7i,j*M+9i,j*h*51,t
Oi N TN OiN
Yj, . .
+1h; 5 * L 024 + Git, Vi # 1, 4)
05N

where the dependent variable is the first-differenced spread over Germany for coun-
try ¢ divided by its standard deviation in the ‘good’ regime. ¢;; and J,; are dummies
which take the value of 1 when we are in the ‘bad” and “ugly’ regimes respectively and
zero otherwise. During the former (latter), contagion from country j to 7 is detected by
the statistical significance of the 0; ; (¢ ;) parameter. The system of eleven equations is
estimated by the seemingly unrelated regressions (SUR) technique to account for con-
temporaneous shocks and we further control for autocorrelation and heteroskedastic-
ity in the errors.

3 Discussion of results

Figure 2 presents the smoothed probabilities of each regime extracted from the esti-
mated FTP-MS-VAR model.

Insert Figure 2 about here

!Mandilaras and Bird (2010) use a similar approach.



Regimes are identified from the estimated asset volatilities. We observe three dis-
tinct regimes over the sample. The first is the “good” period from 2003 to mid-2007,
characterised by benign economic and financial environments (top panel, Figure 2).
Spreads were low and stable and yields fell in many countries as investors expected
convergence towards German rates (Arghyrou and Kontonikas, 2012). Mid-2007 marks
a transition to a crisis (bad) regime triggered by uncertainty in the U.S. financial sys-
tem (middle panel). Spreads widened and volatilities increased. This persists until late
2010 and re-establishes itself from 2013 to the end of the sample. This phase of the
crisis book-ends the “ugly” regime, i.e. the most pronounced period of bond market
turmoil: late-2010 to early-2013 (bottom panel). Spreads widened further, accompa-
nied by intense volatility coinciding with the emergence of the Greek crisis and bailout
programmes for Ireland and Portugal.

These phases of the crisis, nevertheless, had differential impacts across countries.
Table 2 reports the ratios of our estimated standard deviations between the crisis regimes
and normal market conditions.

Insert Table 2 about here

There is a striking difference between the volatility increases experienced by the pe-
ripheral countries, Greece, Ireland, Portugal, and Spain (the GIPS), and core countries
like Finland and the Netherlands. The proportional increases endured by the GIPS
during the “bad” regime are, in some cases, greater than those suffered by the core
countries in either regime. The U.S. is markedly different from the Eurozone countries.
There is little increase in volatility (at least relative to the European states) and there is
hardly any difference between the “bad” and the “ugly” states.

Having identified the regimes, we test for contagion between each pair of markets
using the Dungey et al. (2005) test described in eq. 4. Panels A and B of Table 3 present
the results for the “bad” and the “ugly” phases of the crisis, respectively. Figures 3 and
4 provide a graphical representation of these results.

Insert Table 3 and Figures 3 & 4 about here

A striking feature of our results is that there are relatively few examples of con-
tagion among the member states. Market interdependencies appear to have been the
main shock propagation mechanism during the turmoil. However, when contagion is
detected, it occurs more often in the “ugly” than in the “bad” regime. This highlights
the importance of differentiating between the two phases of the crisis and not treating
it as one homogeneous event. Among the 110 bilateral relationships analysed, we only
reject the null hypothesis of ‘No contagion” at a 5% (10%) significance level in 9 (15)
cases during the “bad” regime and 11 (24) cases during the “ugly” regime.

The peripheral states of Greece, Ireland and Portugal transmit contagion to other
members in some limited instances but the presence of contagion from these coun-
tries is not pervasive. There is little evidence of contagion from Spain, suggesting
that the bond-buying programmes of the ECB were successful in curbing the interna-
tional transmission of Spanish shocks. The lack of evidence of widespread contagion
from Greece is noteworthy and contrasts with Arghyrou and Kontonikas (2012) and
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Metiu (2012). Our results are more consistent with Beirne and Fratzscher (2013), Blatt
et al. (2015) and Mink and de Haan (2013). Blatt et al. (2015) presents evidence that
it was the dynamics of the relationship between the Greek bond market and its Eu-
rozone neighbours that changed and not the contemporaneous reaction, as measured
here and in most studies of contagion. Missio and Watzka (2011) find Greece’s rela-
tionship with other Member States” bond markets becoming less strong after mid-2010
as developments in its economy and public finances were increasingly seen by market
participants to be isolated or separate from those in other countries.

Interestingly, contagion does not exclusively emanate from the GIPS. There is at
least as much evidence of contagion stemming from ‘core” countries. This is consistent
with Kaminsky and Reinhart (2003) who explain how larger markets process informa-
tion more efficiently and transmit the ‘news’ to more peripheral markets. For example,
adverse shocks in the Austrian bond market appear to have generated as many cases
of contagion within the Eurozone as larger disturbances in the GIPS. Kalbaska and
Gatkowski (2012) find that the sovereign bond markets of peripheral member states
(the GIPS), although under the more stress, have less ability to generate contagion
than core member states.

Although markets became more volatile during both the “bad” and “ugly” phases
of the crisis, this may reflect country-specific factors (i.e. economic and fiscal develop-
ments in particular member states) more than contagion effects. In a relatively early
study, Caceres, Guzzo and Segoviano (2010) argue that after October 2009, country-
specific factors came to have greater influence on sovereign bond market develop-
ments. Manasse and Zavalloni (2012) and Cronin (2014) also find country-specific
factors becoming more important to the markets over time.

There is also some limited evidence of contagion to and from the US but this is
predominantly with the “core” Eurozone countries. For example, Finland suffers con-
tagion from the US in the first, “bad” phase, while the US imports contagion from
Belgium and the Netherlands during the more intense, “ugly” crisis period.

4 Conclusion

We investigate the role of contagion in propagating shocks across countries during the
Eurozone sovereign debt crisis. We show that the crisis was not a single homogeneous
event but is better modelled as two distinct regimes. The regimes exhibit different
patterns of shock transmission. Overall, the evidence of contagion is limited but is rel-
atively stronger during the more intense, ‘ugly” phase of the crisis. Transmitting con-
tagion is not exclusively a phenomenon associated with the GIPS and it also spreads
from the core group of countries. However, the vast majority of pairwise relationships
remained stable over the sample period and, consequently, market comovements are
more often due to interdependencies rather than to contagion.

The fact that most relationships remain stable over the sample period implies that
it was not changes to the shock transmission mechanism that caused the spread of the
sovereign debt crisis. Rather, its propagation was due to pre-existing cross-country
linkages that had built up during the benign economic conditions that characterised
the pre-crisis period. By definition, the shocks (and their magnitudes) experienced by
Eurozone economies and markets were a priori unpredictable but once realised, their



transmission to other states should not have been unexpected given the interdepen-
dence between Eurozone sovereign debt markets that existed before the crisis.
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Table 1: Summary statistics

Bond Market Mean (x107%) Std.dev. Skewness Kurtosis

Austria 0.034 0.026 0.754 21.411
Belgium 0.053 0.037 0.294 17.310
Finland 0.071 0.016 2.894 45.695
France 0.075 0.025 0.058 22.112
Greece 8.400 0.338 -5.422 328.554
Ireland 0.206 0.080 -0.959 39.212
Italy 0.355 0.067 -0.485 24.302
Netherlands 0.036 0.016 1.094 19.316
Portugal 0.647 0.116 1.028 53.779
Spain 0.316 0.066 -0.997 20.399
uU.S. 0.639 0.049 -0.232 5.317

Notes: This table reports summary statistics for the daily changes in the
10-year government bond spread over Germany for each country for
the entire sample period. The sample consists of daily data from Jan-
uary 1, 2003 to December 31, 2014. Std.dev. denotes standard deviation.

Table 2: Ratio of Standard Deviations between Regimes

Bond Market Bad Regime : Good Regime Ugly Regime : Good Regime

Austria 7.17 2417
Belgium 7.79 30.99
Finland 5.08 13.30
France 6.90 23.87
Greece 27.22 183.34
Ireland 17.02 68.03
Italy 9.89 33.63
Netherlands 6.40 15.50
Portugal 19.56 76.15
Spain 16.24 50.59
U.S. 1.27 1.25

Notes: This table presents the ratio of the standard deviations, between cri-
sis and good regimes, generated from our estimated FITP-MS-VAR model.
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Figure 1: 10-year Bond Spreads over Germany
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Figure 2: Smoothed Probabilities
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Figure 3: Contagion during the Bad Regime
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Figure 4: Contagion during the Ugly Regime
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