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Abstract

Against the backdrop of the contagion literature, the paper analyses the impact

of �nancial and trade linkages on sovereign bonds spreads in the Eurozone crisis.

Using quarterly data for a sample of EMU countries during the period 2000�2013,

we estimate �xed-e�ect panel models with Driscoll and Kraay standard errors

that are robust to general forms of spatial and temporal dependence.

Our main results can be summarized as follows. First, we suggest that the

�sudden stop� of capital in�ow toward the peripheral sovereign debt triggered a

re-segmentation of �nancial markets and economic systems along national bor-

ders, with negative implications for risk sharing and the e�cient allocation of

capital. The �home bias� e�ect�i.e. the increase in the share of sovereign debt

held by domestic banks�worsened the country-speci�c risk because the twin cri-

sis (sovereign and banking) began to be conceived as more closely intertwined

within countries than before. Second, the structure of international trade helps to

account for the geographic scope of contagion, even after controlling for macroeco-

nomic and �scal vulnerabilities. Finally, the potential in�uence of wider �nancial

spillovers related to the emerging markets' decoupling hypothesis is con�rmed by

our analysis. However, the �substitution-e�ect� of public debt securities of stand-

alone emerging countries has a�ected more the sovereign spreads in the core than

in the periphery.
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1 Introduction

The �rst decade of the European Monetary Union has been marked by a rise in interna-
tional demand for sovereign debt of the participating countries, especially those of the
Eurozone periphery. An unprecedented reduction in the share of domestic sovereign
debt holdings took place, even though �nancial institutions of the Euro area itself
mainly kept on holding external public debt of peripheral countries. The integration of
�nancial markets within the EMU provided an important stimulus for the South-EMU
economy, but the �nancial crisis has highlighted the adverse facets of an excessive expo-
sure to foreign debt, even though denominated in the same currency. Furthermore, the
unfolding of the Eurozone crisis has con�rmed the close link between excessive private
and banking debt accumulation and sovereign default risk within countries. During the
Great Recession (2008�2009), the bailout of �nancial institutions and the �scal stimulus
to counteract the downturn of the real economy brought about a deterioration of public
�nance (due to a fall in government revenues and the increase in �scal expenditures).
The consequent rise in public debt/GDP ratio has contributed to increase the sovereign
default risk, which, in turn, may have worsened the banks' funding and lending con-
ditions. Hence, the banking crisis emanating from the US subprime loan crisis, �rst
preceded and then accompanied the Euro area sovereign debt crisis.

Because the Eurozone debt crisis is a multifaceted phenomenon, in the current
debate various interpretations have been put forward (sovereign debt crisis, current
account crisis, and banking crisis). This pluralistic perspective has helped to better
understand its causes and transmission mechanisms, and suggest policy recommenda-
tions. Although, the policy debate was somewhat �awed by misconceptions emerged
around the notion of an envisaged �contagion� within the Eurozone, a�ecting mostly
peripheral countries. The rhetoric of contagion was essentially based on a warning of
transmission of the Greek crisis, with domino e�ects eventually con�ned only to other
countries of the EMU periphery on the basis of structural similarities and common
�scal vulnerabilities. The prospect that other countries could have being transformed
in another Greece case has provided a compelling cautionary tale for the adoption of
austerity programs by those Eurozone countries that were more fragile both in terms of
�scal fragilities and competitiveness. Austerity was the last-resort policy experiment,
adopted by only peripheral economies whilst they were su�ering from a second reces-
sionary phase, to enforce the ongoing institutional changes on the European economic
governance, and it was justi�ed by the urgency of containing contagion.

To explain the Eurozone crisis and its main manifestation�that is, the exceptional
increase in sovereign bond spreads�it is necessary to understand why some governments
become unable to borrow on world markets. Apart for recognized global common
factors (such as the abrupt change in market sentiments' and the escalation in risk
aversion) and �scal and macroeconomic fundamentals, we believe that tensions in the
Eurozone sovereign bond markets may not be fully understood unless wider cross-
border �nancial interdependence is also taken into account. Over the past two decades,
the global economy has experienced profound changes. Growing trade and �nancial
integration may have altered the nature and strength of cross-border transmission of
shocks. Particularly, the successful catching-up process of emerging economies has
led some scholars to advocate the hypothesis of a decoupling, according to which the
emerging economies may continue to keep growing relatively robustly even when the
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advanced world undergo a sever downturn1. We suggest that the view of a decoupling
of emerging economies may have a�ected investors' behaviour, redirecting their risk
appetite towards sovereign bond of emerging economies. This can be considered an
additional channel of international �nancial spillovers that has become evident more
recently, once the emerging countries got into crisis with bene�cial e�ects on the Euro
area sovereign spreads. Therefore, a possible �substitution e�ect� may account for
the investors' behaviour during the Eurozone crisis and magni�ed the instability of
sovereign bond markets. Once member countries of the European monetary union are
downgraded to the status of emerging economies (as suggested by De Grauwe and Ji,
2012), �nancial markets could have redirected their attention to sovereign bonds of
�stand alone� emerging markets, perceived as less fragile than member countries of the
Eurozone2.

It is typically assumed that countries with higher public debt held by non-residents
should be more apt to default on it3. Although, as long as the composition of hold-
ers of public debt shifted from foreign investors to domestic banks, spillovers between
sovereign risks and national banking systems may become tougher.

Our main aim is to assess the potential impact of international capital �ows in the
Eurozone crisis and, particularly the changing composition of sovereign debt by nation-
ality of bank holders. Moreover, drawing from the long-lasting literature on contagion
in currency crisis and particularly on Glick and Rose (1999) seminal contribution, we
also consider the role that trade linkages may have had in spreading tensions within
the Eurozone sovereign markets.

We show that the ratio of public debt held by foreign banks over domestic banks
is a signi�cant determinant of sovereign bond yield di�erentials across European coun-
tries. When controlling for alternative �nancial linkages variables, and possible reverse
causality, results are robust and further clarify that a decrease in international de-
mand contributes to explain higher spreads during the crisis (consistent with Arslanalp
and Poghosyan, 2014) while rising domestic banks' exposure to sovereign risk increase
spreads. We thus suggest that the net e�ect�i.e. the re-nationalization of sovereign
debt-purchase of bonds by national banks associated to the withdrawal of foreign in-
vestors�may have increased the country-speci�c risk (consistent with the �home-bias�
in debt exposure in Acharya and Ste�en, 2013). We also �nd that trade patterns are
important in understanding the spreading of the Eurozone crisis, particularly for the

1In the decoupling debate, it has become important to distinguish between trend and cyclical

decoupling. While long-term trend decoupling is a well-established stylized fact due to higher trend

growth rates of emerging market economies, little evidence has been produced so far on the alleged

business cycle decoupling between advanced economies and emerging ones, especially during recessions

(see Yetman, 2011, and Cutrini and Galeazzi, 2012, for a survey and some evidence).
2The problem of member countries of a monetary union described in De Grauwe and Ji (2013)

is similar to the problems faced by emerging countries that issue debt in a foreign currency, usually

the dollar. These countries can be susceptible to a �sudden stop� when capital in�ows suddenly stop

leading to a liquidity crisis.
3There are several reasons that suggest a negative role of debt held by non-residents on investors'

perception of risk. External public debt is outside the control of the State that issued: e.g. it can

not tax on it. Moreover, the prices of the public securities are more vulnerable to speculation (Gros,

2011). Forth, the higher foreign public debt relative to the national public debt the more the country

is going to decrease its total wealth (the revenues for interest on government bonds �ows out of the

country and the country wealth decline).
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periphery. Moreover, wider �nancial spillovers related to changing investors' preferences
in favour of emerging countries appear to have had a no negligible impact on European
sovereign bond markets pressure.

Finally, our analysis con�rm previous �ndings in the literature as our results sound
consistent with the hypothesis of a misperception of sovereign risk even before the crisis,
and a higher and signi�cant impact of public debt/GDP and real labour productivity
during the crisis (fundamental or wake-up call contagion), particularly for the periphery.

The paper is structured as follows: Section 2 reviews the relevant literature; Section
3 describes the main stylized facts that form the interpretative framework that has
guided our empirical test; Section 4 presents the methodology for the empirical analysis
and the econometrics issues that we have taken into account; Section 5 summarizes
the main results, puts forward some conjectures to interpret them, and presents some
robustness checks; Section 6 makes some concluding remarks and derives some policy
implications.

2 Literature review on debt crisis in Europe

The Eurozone crisis, its main causes and manifestations have been investigated from
di�erent research perspectives. Initially, the sharp rise in Euro-area sovereign spreads
revitalized the interest on whether high debt countries pay a risk premium on their pub-
lic debt4. On the determinants of sovereign bond yield spreads a consensus has arisen
on three main issues: (1) presence of mispricing of sovereign risk (even before the cri-
sis) (e.g. Arghyrou and Kontonikas, 2012; De Grauwe and Ji, 2012, 2013; Beirne and
Fratzscher, 2013; Afonso et al., 2014), (2) impact of international risk factor in deter-
mining spreads against Germany (Codogno et al., 2003; Favero et al., 2010), particularly
during periods of tightening international �nancial conditions (Barrios et al., 2009) and
for countries with high levels of public debt (Codogno et al., 2003), and (3) fundamental
contagion�due to similarities in macroeconomic and �scal fragilities�with a promi-
nent role of high public debt to GDP ratio (Attinasi ert al., 2009; Barrios et al., 2009;
Haugh et al., 2009; Manganelli and Wolswijk, 2009; Sgherri and Zoli, 2009; Caceres et
al., 2010; Favero et al., 2010; Arghyrou and Kontonikas, 2012; Schuknecht et al., 2011;
Favero and Missale, 2012; Beirne and Fratzscher, 2013).

Moreover, the relevance of a core-periphery divide has resurfaces during the crisis,
implying the need of focusing attention to macroeconomic structural imbalances and
the central role of foreign debt. The view of a balance of payment crisis, with the
associated risks of large external de�cits even in a currency union has been highlighted
in several works (Barnes, 2010; Berger and Nitsch, 2010; Higgins and Klitgaard, 2010;
Jaumotte and Sodsriwiboon, 2010; Waysand et al., 2010; Gros, 2011; Gros and Alcidi,
2011; Schmitz and von Hagen, 2011; Alessandrini et al., 2012; Croci Angelini and
Farina, 2012; De Grauwe and Ji, 2012)5.

4Even before the Eurozone crisis, several studies focused on how sovereign risk premia (that in-

corporates devaluation and default risk) can be identi�es empirically and how large they were in the

European Monetary Union (e.g. Codogno et al., 2003; Bernoth et al., 2004; Faini, 2006; Longsta� et

al., 2007), in the US (e.g. Bayoumi et al., 2004), and in OECD countries (Alesina et al., 1992).
5A further related strand in the literature focuses on aggregate debt of a national economy. This

view points to the importance of accounting for �nancial situations of households and �rms, foreign

debt, imbalances in the real estate sector and soundness of the banking system. Following this view, the
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Contagion, though not always explicitly accounted for, usually underpins the em-
pirical studies and the policy debate. The European sovereign debt crisis that erupted
with the Greek crisis in late 20096 and began to intensify during 2010 has called into
question the extent to which the price of sovereign risk re�ects only macroeconomic
fundamentals. During the crisis, investors started to overprice risks giving the wrong
incentives to policy-makers to introduce excessive austerity programs (De Grauwe and
Ji, 2012). The disclosure of Greek real de�cit fuelled a sudden investors' reassessment
of sovereign risk of those countries that were similar to the epicentre country in terms
of macroeconomic and �scal vulnerabilities. This change in market sentiments has been
interpreted as a �wake-up call� contagion or fundamentals contagion (Goldstein, 1998).
Hence, empirical evidence of contagion e�ects in the Eurozone crisis focused on and
analysed deviations of interest rates di�erentials from level justi�ed by fundamentals
(Caceres et al., 2010; Di Cesare et al., 2012; Metiu, 2012; Giordano et al., 2013).

Contagion in the Eurozone crisis may have acted through �nancial and trade link-
ages. As for �nancial linkages, some scholars have explicitly analysed the causal link
between sovereign credit risk and banking fragility that may work in both directions,
with a di�erent focus on the various transmission channels at work (Candelon and
Palm, 2010, Gerlach et al., 2010, Albertazzi et al., 2012, Popov and van Horen, 2013,
and Acharya and Ste�en, 2013, among others). The historical perspective adopted by
Reinhart and Rogo� (2011) has made it evident that banking crisis usually preceded
sovereign crisis as in the European case and Candelon and Palm (2010) have shed some
light on the potential linkages between the twin crisis.

As for the reverse direction of the causal link, it has been found that excessive public
debt impacts negatively on the subsequent credit growth (De Bonis and Stacchini,
2013). In the Eurozone crisis, the rise in the interest rates on government bonds has
been followed by an increase in the cost of banks' funding, thus leading to a higher cost
of bank loans and to a credit deceleration (Albertazzi et al., 2012).

Acharya and Ste�en (2013) suggested how �carry trade� behaviour has contributed
to reinforce the Eurozone banking crisis7. During 2009�2010 European banks (both
GIPSI and no-GIPSI) bet on the survival of the Eurozone choosing to actively increase
their risky sovereign debt position in their portfolios after yield spreads started to
rise in search for returns, relying on short-term wholesale funding. In 2010, when
spreads between core sovereign bond yields and peripheral ones widened further, and
markets became more reluctant to �nance banks' investments in risky sovereign debt,
the result was a �ight into longer-term German government bonds. The outcome was
that �banks lost on both sides of the carry trade� (Acharya and Ste�en, 2013, p. 2).
Angelini et al. (2014), instead, provide some evidence which sounds consistent with

interconnectedness of private debt and public �nance would become evident. In Ireland, Great Britain,

US and Spain the huge increase in private debt quickly developed into a banking crisis which�combined

with the economic recession�gave rise to a crisis of state �nances and public debt (Fortis, 2011, 2012).
6The Eurozone crisis began in late 2009 when a new government in Greece revealed that its pre-

decessors had concealed enormous de�cits. By the spring of 2010, Greece was unable to borrow on

the open markets at an a�ordable interest rate, and a series of bailout package totalling 110 billion

euros was devised by the European Union, the International Monetary Fund and the European Central

Bank. In return, Greece was required to slash public spending deeply. In May, leaders approved a

contingency fund of 500 billions euro (about $680 billion) for the Union at large.
7The examples of Dexia and the Bank of Cyprus clearly suggest that banking and debt crisis in

Europe are strictly linked (see also Candelon and Palm, 2010).

5



Eleonora Cutrini, Giorgio Galeazzi / WP n.44 DiSSE, University of Macerata

re-nationalization/fragmentation, precautionary motive and yield motive that is banks
simply chose the most pro�table investment.

As it is know, the vicious circle between sovereign default risk and the banking sys-
tem instability has prompted some evident negative consequences for the real economy.
Two main channels through which substantial holding of sovereign debt held on banks'
portfolios8 can translate into a credit crunch (decrease lending to the private sector) can
be identi�ed. First, losses on bank capital can have a direct negative e�ect on the asset
side of the bank's balance sheet and on the pro�tability of the bank, with adverse con-
sequences for the cost and availability of funding. Second, banks often use public debt
securities as collateral to secure wholesale funding. Higher sovereign risk can therefore
reduce the eligibility of collateral, and hence banks' funding capacity. Since exposures
to foreign sovereign debt worsen bank lending conditions (as con�rmed by Popov and
van Horen, 2013, and Albertazzi et al., 2012), this channel may contribute to explain
how tensions in euro area government bond markets may have spilled over to the real
side of the economy, both domestically as well as across borders.

The �nancial interdependence within the Eurozone in a disconnected �scal-monetary
policy framework has made it di�cult to insulate other countries from debt problems in
one country, since externalities cannot be managed by the actual governance structure
(De Grauwe, 2011).

Although the perverse link between sovereign risk and banking fragility has been
widely recognized in the literature, the related studies are based on descriptive evidence
mainly. Only recently, Arslanalp and Poghosyan (2014) investigating the impact of
foreign investors' �ows on the divergence in long-term sovereign bond yields among
advanced economies found that, he decline in the Foreign Investor Base contribute to
increase the sovereign bond yield in the aftermath of the �nancial crisis.

Moreover, while �nancial linkages�in the form of spillovers related to banking ex-
posure to sovereign risk�have attracted a considerable interest in the literature on the
European crisis (Candelon and Palm, 2010; Albertazzi et al., 2012; Acharya and Ste�en,
2013; Popov and van Horen, 2013; Angelini et al., 2014), the role of trade linkages has
not been purposely investigated so far, even though they may contribute to explain why
Eurozone crisis a�ected countries in geographic proximity. Particularly, composition of
trade destinations can account for the di�erence in the increase of sovereign interest
rates over the Core-periphery divide.

There are several di�culties in the empirical assessment of contagion (in its di�er-
ent connotations9), particularly �pure contagion�, because this component is the most

8Notice that Eurozone banks tend to hold sizeable amounts of debt securities issued by foreign

(mostly euro area) sovereigns on their balance sheet. One of the reasons of this high exposure lies in

the Capital Requirements Directive (CRD), which translated the Basel Accords into European law.

Capital Requirements Directive (CRD) allows for a 0% risk weight to be assigned to government bonds

issued in domestic currency. Moreover, debts issued in domestic currency are exempted from the 25%

limit on large exposures that applies to all other asset holdings. Therefore, in the case of euro area

banks the special treatment of sovereign debt applies to all debt issued in euros.
9We refer here to three main de�nitions of contagion. (1) Broad de�nition (fundamental contagion

or wake-up-call contagion): cross-countries transmission of shocks occurs since, when a crisis erupted in

one country, investors tend to reassess default risk in those other countries with similar macroeconomic

fundamentals. (2) Narrow de�nition (shift contagion): not only there is transmission of shock among

countries but also these transmission becomes stronger during crisis time as compared to tranquil times

(shift contagion). (3) Contagion occurs only as long as transmission of shocks occurs beyond global
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closely related to unobservable self-ful�lling expectations, shift in investors' beliefs and
irrational behaviour (such as �nancial panic, herd behaviour and/or speculative attack).
In the case of the Eurozone crisis, a consensus is forming around the idea that�beyond
global risk aversion�further important types of euro-wide pure contagion can explain
the mispricing of sovereign risk, such as self-ful�lling liquidity crises that propagate
only within the Euro area (De Grauwe and Ji, 2012, 2013), and the perceived risk of a
break-up of the euro area (Di Cesare et al., 2012). For example, Di Cesare et al. (2012)
suggested that the large discrepancies between the actual and model-based values of
the spreads persist even when one controls for changes in the price of risk by consid-
ering time-varying coe�cients or commonly used proxies of investors' risk aversion. In
particular, they found that the deviations of the yields from the values justi�ed by
fundamentals are in opposite directions for some �core� and �periphery� countries, and
they consider this evidence as supporting the hypothesis of investors' concerns about
the dissolution of the euro. More recently, Favero (2013) in a Global Vector Autore-
gressive model suggests that the unobserved interdependence detected in the dynamics
of spreads could be interpreted as contagion e�ects re�ecting the fears of reversibility
of the euro, and thus, the probability of exchange rate devaluation.

3 A narrative story on the European sovereign debt crisis

Figure 1 presents the 10-year euro area government bond yield for some representative
EMU countries included in our analysis. It summarizes the experience in the euro area
over the �rst thirteen years of the Monetary Union in relation to the pricing of sovereign
credit risk.

It is possible to clearly distinguish three main periods, each of them are characterized
by distinct patterns of government bond pricing. Since the introduction of the euro
until the economic and �nancial crisis of 2007�2008, sovereign spreads had stabilized
at moderate levels and did not di�er much from country to country despite poorer
macroeconomic fundamentals and �scal fragilities in some peripheral countries. After
the collapse of Lehman Brothers, and particularly after the Greek crisis, �ight to quality
to German bonds and the consequent fall in the prices of government bonds of the
peripheral countries has resulted in large increases of their sovereign bond returns that
incorporate the risk of dissolution of the Euro, a risk derived from a suspected default
based on negative self-ful�lling expectations which have pushed the interest rates of
di�erent countries to levels not exclusively justi�ed by economic fundamentals. The
acute phase of the crisis came to an end only after the �Whatever it takes� announcement
which con�rmed the central role of the ECB communication policy. In fact, since the
second half of 2012, sovereign bond yields of peripheral countries started to decline while
those of Germany and other core countries have been experiencing a slight increase since
2013.

When the �nancial and economic crisis spilled over worldwide in 2009, in�uencing
the choices of consumption, production and investment, the European economy went in
recession (Figure 2). It is assumed that the �scal consolidation undertaken by peripheral

factors (or common shocks) and any fundamental link among the a�ected countries. Thus, a situation

when �excess co-movement� remains even after controlling for fundamental and common shock hints

at pure contagion. See Giordano et al. (2013). For an overview of de�nitions and empirical measures

of contagion adopted in the literature, see Pericoli and Sbracia (2003).

7



Eleonora Cutrini, Giorgio Galeazzi / WP n.44 DiSSE, University of Macerata

Figure 1 � 10-years sovereign bond yields in the Eurozone

Source: Datastream, Thomson Reuters

policy makers thereinafter deepened the recession; it is worth reminding that some
European economies are now approaching the de�ationary scenario. The slowdown in
GDP certainly a�ected current accounts helping to explain more recent dynamics.

As it is well known the dynamics in current account imbalances before the outset of
crisis is clear and simple. Current account imbalances exacerbated because of the capital
�ow from the Core toward the periphery. This in�ow, in turn raised, a boom in the
periphery with the associated escalation of costs and prices relative to the Core (see e.g.
Krugman, 2011). In a common currency union, this implied a real appreciation in the
periphery and a real depreciation in Germany and other core countries, which further
may have impacted on their diverging evolution of trade competitiveness. Beyond wage
moderation and lower in�ation in the Core, superior productivity dynamics10 may have
played a signi�cant role in explaining divergence in trade balances (see Figure 3 and
Table 1).

After the Collapse of Lehman Brothers until 2009q3 there is evidence of convergence
in trade accounts mainly linked to an apparent better performance of South-EMU
countries. When the European crisis started (2009q4) there is a �rst period of increasing

10One possible reason of this divergence in productivity is connected to the increasing polarization

over the North-South divide, whereby the distribution of technology-intensive activities�traditionally

considered endowed with higher value added�have been clustered in the Core countries (on this

evidence, see, for example, Cutrini, 2010.
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Figure 2 � Business cycles in EMU-10 countries

unbalancing, from 2009q2 until the end of 2010. Afterwards, decreasing current account
imbalance materialized and the periphery as a whole reached by the end of 2012 a
current account surplus (Figure 3).

We may suggest that the evidence of more recent dynamics in peripheral current
accounts may be the joint e�ect of two main simultaneous developments in the EMU
crisis. On the demand side, �scal consolidation and the associated slowdown prompted,
particularly in the Mediterranean countries, a drop in imports. On the supply side, the
credit crunch and the general loss of con�dence may have in�uenced �rms' investment
decisions that, combined with a stable or increasing trend in private saving11, have
resulted in a decrease of exports. The result of these two forces, when the �rst one
prevails over the second, is an increase in net exports.

Table 1 presents results on di�erences across the North-South divide in the 10-years
sovereign bond yield and other relevant macroeconomic, �scal and contagion variables.
Interest rates were the same before the crisis (on average the periphery used to pay a
yield higher by only 27 basis points compared to the core), while after the Greek crisis
average yield di�erence was of more than 400 basis points. Besides, during the time
period 2000�2009 we observe signi�cant disparities between the two regions in terms
of �scal variables (public debt ratio, primary balance) and real labour productivity,

11Depending on the country, this issue is discussed and a more detailed analysis can be found in a

previous work, see Cutrini (2013).
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Figure 3 � Current accounts (by clusters), millions of euro

Source: Eurostat quarterly statistics

considered here as one of the main factors that contribute to explain the opposing
trade balances (Table 1, Figure 3).

These results can be taken as a �rst con�rmation of the so-called systematic �mis-
pricing� of sovereign risk. After years of neglecting them, investors became increasingly
worried about high debt-to-GDP, �scal de�cit ratios, and structural imbalances and
reacted by requiring higher risk premia for the peripheral sovereign bonds.

Pure contagion may also have played a signi�cant role through herd behaviour. Af-
ter a decade of increasing public debt held by non-residents in the periphery12, when
the Greek crisis exploded, peripheral countries su�ered a liquidity crisis fuelled by a
�sudden stop� of capital in�ow. Foreign sales of public debt securities have become mas-
sive creating upward pressures in the government bonds rates well beyond what might
have been justi�ed by observable changes in the fundamentals. Our exploratory data
analysis pinpoints exactly a sharp out�ow in non-resident holdings of peripheral debt
securities starting from the beginning of 2011, particularly from German and French
banks (Figure 4)13. North-EMU banks' precipitous retreat from the Eurozone periph-

12The core experienced an opposing pattern of change in the composition of foreign debt holders by

nationality (see Table 1).
13This substantial sell can also be considered a reaction to the on-going and expected developments

in �nancial regulation. The Third Basel Accord�with more stringent capital requirements to reduce

excess �leverage� in the banking sector�was scheduled to be introduced from 2013.
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Table 1 � Mean comparison two-sample t-test with unequal variancea, based on annual

average values

 Pre-crisis period
b 

 Crisis period
c 

 Average values 
Diff t-test Sig.  Average values 

Diff t-test Sig. 
  Core Periphery   Core Periphery 

Sovereign bond yield 4.29 4.56 -0.27 -1.88 *   2.83 7.56 -4.73 -4.00 *** 

General gov. debt (% of 
GDP) 55.99 79.44 -23.50 -3.99 ***  63.45 107.93 -44.47 -4.94 *** 

Primary balance (% of 
GDP) 2.50 0.88 1.62 3.03 ***   -0.96 -4.08 3.12 3.45 *** 

Growth 2.04 2.34 -0.3 -0.86   -0.08 -2.29 2.21 2.88 *** 

Real labour productivity 39.98 23.91 16.08 13.01 ***  42.24 25.70 16.54 9.66 *** 

Trade balance (% of GDP) 4.30 -6.24 10.54 11.49 ***  2.93 -3.44 6.37 5.28 *** 

Trade linkages 13.80 19.42 -5.62 -3.92 ***  11.26 17.74 -6.48 -3.08 *** 

Foreign/domestic ratio of 
gov. debt securities (%) 279.01 219.66 59.35 1.28   350.09 169.54 180.56 2.87 *** 

Foreign debt securities (% 
of total debt sec.) 68.79 62.62 6.17 1.64   71.46 55.86 15.60 3.82 *** 

Foreign/national banks’ 
holdings of gov. debt (%) 69.86 166.18 -96.32 -3.70 ***  69.65 52.71 16.94 1.24  

Debt held by foreign 
banks, % of total gov. 
debt held by banks (%) 

37.75 56.37 -18.62 -4.37 ***  38.86 28.84 10.02 2.36 ** 

 a The test is with unequal variances because we prior have performed a test on H0: equal variance,

and this test leads us to reject the null hypothesis.
b Pre-crisis sub-period: 2000�2008.
c Crisis sub-period: 2009�2013.
∗ p < 0.05.
∗∗ p < 0.01.
∗ ∗ ∗ p < 0.001.

ery was partially o�set by the liquidity provision of the European Central Bank (ECB)
under the LRTO program between December 2011 and February 2012. During this pe-
riod, South-EMU banking system�mainly Spanish and Italian banks�has sustained
the demand of national sovereign debt securities helping to replace non-resident with-
drawal and resulting in a shift in risk exposure towards peripheral sovereign debt from
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Figure 4 � Consolidated foreign claims and other potential exposures (ultimate risk

basis) towards the government sectors of peripheral debtor countries (Greece, Italy,

Portugal and Spain), by main creditor countries�amount outstanding, in millions of

US $

Source: own calculations on BIS data, BIS Quarterly Review (September 2013)

non-Periphery banks into Periphery' banks portfolios, as documented by Acharya and
Ste�en (2013).

The resulting �home bias� e�ect in debt exposure has strengthened the nexus be-
tween the banking fragility and sovereign default risk, reinforcing the de�nition of a
European crisis as a peripheral crisis. In fact, a further deterioration of public �nance
would have lead to a signi�cant peripheral banking crisis and not a fully pan-European
one.

4 Method and data

We use quarterly data for a panel of Euro-area countries (Austria, Belgium, Finland,
France, Greece, Ireland, Italy, Netherlands, Portugal and Spain)14, over the time period
2000q1�2013q3. Data sources and de�nition of variables can be seen in Table 2. When

14We consider founding members of the euro in addition to Greece, which joined the eurozone in 2001

in order to have a balanced and su�ciently large sample representing both the Core and the Periphery.

Ireland and Luxembourg are left out as data are not available for all our variables of interest.
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Table 2 � Data description and sources

Variables  Description Source 

Dependent variable (Spread): 
Difference in 10-year sovereign 
bond yield (quarterly average 
from monthly data) 

Datastream/Reuters 

Global risk aversion: 
Chicago Board Options Volatility 
Index (Quarterly average from 
daily data) 

Datastream/Reuters 

Emerging country decoupling: 

FTSE EURO EMERGING 
MARKETS 7-10Y, clean price 
index (bond indices) 

Datastream/Reuters 

Fiscal variables: 
Central gov. debt (% of GDP) Eurostat Quarterly Statistics 

Primary balance (surplus/deficit) 
(% of GDP), general government 

ESCB Government Finance 
Statistics, ECB 

Macroeconomic fundamentals: 
Trade balance (% of GDP) Eurostat Quarterly Stastistics 

Real labour productivity per hour 
worked Eurostat Quarterly Stastistics 

Financial linkages: 

Government 
international/national debt 
securities ratio (Domestic Debt 
Securities, International Debt 
Securities) 

Bank for international 
Settlements, 
Arslanalp, S. and Tsuda. T. 
(2012). Online database Bank holdings of sovereign debt 

(foreign and national banks) 

Real linkages: 

Exports to EMU 
countries/Exports to non-EMU 
countries IMF Directions of Trade Statistics 

South-EMU exports’ share 

 

required, data are seasonally adjusted.
We implemented a disaggregation over the European North-South divide that were

also used for the descriptive evidence (Section 3). Splitting the sample between North-
EMU and South-EMU has also a theoretical justi�cation in the Optimal Currency
Area theory criteria (see Sapir, 2008, and Costantini et al., 2013). The structural
imbalance between the two regions�the original sin of the introduction of the Euro in
the absence of single �scal policy�is one of the main components of the Euro crisis
(see Table 3 for a summary of country-speci�c �scal variables and other macroeconomic
indicators). Therefore, it is reasonable that we may found di�erent results for the
two sets of countries. The group of Core countries (North-EMU) includes Belgium,
France, Germany, Netherland, Austria, and Finland. The group of Peripheral countries
encompasses Greece, Italy, Portugal and Spain.

The outbreak of the Greek crisis is generally accepted to be October 2009 when the
o�cial public �nance �gures was revised by the new government15. The econometric

15Di�erent phases of the crisis may also be considered as separate periods of analysis. For some

scholars the outset of the crisis corresponds to the global �nancial crisis (Lehman Brothers collapse).

Notice that on 9 August 2007, the European Central Bank made the �rst large emergency loan to

banks in response to increasing pressures in the interbank market (Arghyrou and Kontonikas, 2012).
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Table 3 � Detailed summary statistics, country average values by periods

Pre-crisis period 

 Yield Spread 
Central gov. 

debt over 
GDP 

Primary 
balance over 

GDP 

Real labour 
productivity 

GDP growth 
rate 

Trade 
balance (% 

of GDP) 
Spain 4.41 -0.02 40.03 1.91 27.96 3.04 -4.06 
Greece 4.74 0.31 116.79 -0.79 20.18 3.78 -12.26 
Italy 4.58 0.15 103.73 2.17 32.19 1.26 0.23 
Portugal 4.50 0.07 60.50 -1.40 15.56 1.32 -8.95 
Austria 4.02 -0.03 63.10 1.19 35.93 2.40 4.07 
Belgium 4.05 -0.01 92.23 4.04 ‒ 1.91 3.75 
Finland 4.35 -0.07 40.62 6.17 37.61 3.19 6.26 
France 4.33 -0.10 53.80 -0.37 43.19 1.46 -0.06 
Netherlands 4.34 -0.09 47.08 1.98 43.84 1.82 6.98 
Germany 4.21 -0.22 40.29 0.88 39.85 1.49 4.27 
Total 4.38 0.00 65.82 1.58 32.92 2.17 0.02 
Periphery 4.56 0.13 80.26 0.47 23.97 2.35 -6.26 
Core 4.22 -0.09 56.19 2.31 40.08 2.05 4.21 

Crisis period 

 Yield Spread 
Central gov. 

debt over 
GDP 

Primary 
balance over 

GDP 

Real labour 
productivity 

GDP growth 
rate 

Trade 
balance (% 

of GDP) 
Spain 4.98 0.00 58.03 -7.41 30.76 -1.36 -0.91 
Greece 15.09 10.11 158.08 -5.57 21.33 -4.87 -10.26 
Italy 4.81 -0.17 115.14 0.84 32.32 -1.47 -0.59 
Portugal 8.03 3.05 102.96 -3.93 16.89 -1.48 -4.55 
Austria 2.94 -2.04 66.91 -0.66 39.17 0.31 3.74 
Belgium 3.40 -1.58 90.37 -0.72 ‒ 0.20 1.78 
Finland 2.63 -2.35 44.56 -0.77 39.50 -0.92 0.34 
France 2.95 -2.03 70.41 -3.41 45.33 0.08 -2.35 
Netherlands 2.64 -2.34 59.69 -2.56 45.75 -0.68 8.20 
Germany 2.33 -2.65 49.75 0.60 42.22 0.50 5.50 
Total 4.98 0.00 81.59 -2.36 35.77 -0.97 0.75 
Periphery 8.22 3.25 108.55 -4.02 25.33 -2.29 -4.08 
Core 2.82 -2.16 63.62 -1.25 42.39 -0.08 2.87 
 

estimates concern the whole period and the two sub-periods. The pre-crisis covers the
period from 2000q1 to 2009q3 while for the crisis the period spans from 2009q4 to
2013q2.

In our baseline model we include three fundamental country-speci�c factors a�ect-

November 2010 could also be considered as a signi�cant turning point (when the EU authorities o�-

cially envisaged the possibility of a private sectors loss of wealth in sovereign debt resolution (Giordano

et al., 2013).
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ing sovereign risk, two of them are related to public �nance sustainability (public debt
to GDP ratio and primary balance to GDP ratio) and one other accounts for macroe-
conomic fundamentals related to growth prospect and competitiveness (real labour
productivity). In our benchmark estimation we also consider a proxy for global risk
aversion as a common shock. We use the �Chicago Board Options Exchange Volatility
Index� (VIX)16 to assess the degree of risk aversion in global �nancial markets. As
a further common exogenous factor we add the FTSE emerging market Price Index
(bond indices of comparable maturities)17 as a proxy for the �nancial �decoupling� of
emerging markets that may explain spillovers e�ects from outside the EMU.

We estimate the following �xed e�ects panel regression model:

rit − rbt = β0 + β
′

1Ct + β
′

2Xit + β
′

3Wit + λi + εit, (1)

where Ct is the vector of time-varying exogenous common �nancial factors, Xit is a
vector of country-speci�c �scal variables and macroeconomic fundamentals, Wit is a
vector of variables capturing �nancial linkages and trade linkages, λi are country �xed
e�ects and εit is the error term. The inclusion of �xed e�ects allows controlling for
unobserved country characteristics.

Contagion is supposed to have played a crucial role in explaining the exceptional rise
in sovereign bond yield during the EMU peripheral crisis: we thus account for �nan-
cial and real linkages. More speci�cally, beyond �nancial decoupling of �stand alone�
emerging economies, we identify two additional country-speci�c channels of contagion:

1. Ratio of international over domestic debt securities/Ratio of foreign over national
banks' holding of sovereign debt. This variable considers external public debt,
i.e. public debt held by non-residents. More speci�cally, in the context of the
EMU crisis this variable is intended to appraise the e�ects of international capital
�ows reversal and the associated re-nationalization of sovereign debt holding. The
banking sectors of a�ected countries (particularly Spanish and Italian banks) after
the ECB liquidity provision under the LTRO program (December 2011, February
2012) replaced international (mostly North-EMU banks) investors out�ows (see
Figure 4) supporting the balance of payments of their own economy.

2. An additional transmission channel is associated with trade contractions that will
indirectly impinge on sovereign risk assessment via a revision of growth prospects.
We assess the potential role of contagion transmitted through trade linkages look-
ing at sub-regional export shares over total exports. Di�erential recession burden
and the drop of trade integration within the Eurozone may help to explain the am-
pli�cation of the North-South divide during the �rst phase of the sovereign debt
crisis (see Figure 4). In this regard, economies are expected to be particularly
vulnerable to a severe recession in peripheral economies as long as they present
(a) a lower propensity to export outside the EMU and (b) a high degree of trade
integration with the a�ected countries. Thus, we expect that sovereign spread
increases with a high concentration of a country's export destinations toward the

16We also have used�as an alternative to the VIX�a EU volatility index (VSTOXX Volatility

Index) but results does not di�er much.
17The �FTSE Euro Emerging Markets Bond Indices� include Euro denominated debt issued by gov-

ernments and cities belonging to the emerging markets, as de�ned by the FTSE Country Classi�cation.

The sub-indices are structured by maturity band.
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EMU, and in particular towards the peripheral region. Accordingly we measure
trade linkages with the following variable:

tradelink =
X

south_EMU
i

Xi

+
X

intra_EMU
i

Xi −X
intra_EMU
i

, (2)

where X
south_EMU
i is exports of country i to the four peripheral countries included

in our sample (Greece, Italy, Spain and Portugal), Xi is total exports of country i

and X
intra_EMU
i is exports of country i toward the ten European countries of our

sample.

For the estimation of Equation (1) spread is calculated as the di�erence to the sample
average. Because countries are closely interconnected, we formally test for the presence
of cross-section dependence using the procedure developed by Pesaran (2004)�see re-
sults of the diagnostic tests in Table 4. As long as cross-sectional dependent residuals
are detected we estimate the model with Driscoll-Kraay standard errors since they are
robust to very general forms of spatial and temporal dependence (Driscoll and Kraay,
1998).

When instead, the null hypothesis of the CD test states that the residuals are cross-
sectional uncorrelated, to handle the �rst-order autocorrelation of error terms that is
present in our regressions, we �t the relevant cross-sectional time-series regression mod-
els with a �rst-order autoregressive disturbance term (Baltagi and Wu, 1999). We adopt
such a �exible estimation strategy, driven by diagnostic results, since Driscoll-Kraay
standard errors are well calibrated when the regression residuals are cross-sectional de-
pendent, but they are slightly less adequate when spatial dependence is absent (see
Hoechle, 2007).

5 Main determinants of the crisis in the Eurozone: discussion of results

5.1 The role of public �nance vulnerabilities, macroeconomic weak funda-

mentals and contagion

Table 5 presents results for the baseline model and its extensions for the whole sample
of countries, distinguishing the two sub-periods analysed.

We �rst �nd evidence of a neglect of default risk before the Greek crisis. Moreover,
our results point to misperception of default risk even after the unfolding of the Greek
crisis. In this respect, our �rst main result provides updated evidence on a stylized fact
that has recently been established in the related literature (De Grauwe and Ji, 2012,
2013, Arghyrou and Kontonikas, 2012, and Beirne and Fratzscher, 2013, among others).

In the baseline model (Table 5, columns (1) and (2)), the global risk factor, �nancial
decoupling of emerging markets, �scal variables and macroeconomic fundamentals are
found to be priced by sovereign bond markets with the theoretically expected sign
during the crisis. This is not the case for the pre-crisis period.

First, before the Greek crisis spreads are not sensitive to global �nancial risk (VIX)
nor to the decoupling of emerging market economies (bonds index of comparable ma-
turities). Instead, during the crisis period, the association between spreads and global
factors become closer.

Second, the coe�cient associated to central government debt ratio over GDP sharply
increased in magnitude and signi�cance. Second, we found that the di�erences in real
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Table 4 � Diagnostic tests results

Whole period 

  
Periphery 

 
Core 

 
All 

 
 

Baseline 
model 

Extended model  Baseline 
model 

Extended model  Baseline 
model 

Extended model 

(1) (2)  (1) (2)  (1) (2) 

Pesaran’s test of cross 
section independence 

-2.757, 
Pr = 1.994 

-1.714, 
Pr = 1.913 

-2.195, 
Pr = 1.972  

16.474, 
Pr = 0.000 

12.227, 
Pr = 0.000 

12.274, 
Pr = 0.000  

14.122, 
Pr = 0.000 

9.935, 
Pr = 0.000 

9.970, 
Pr = 0.000 

Average absolute value of 
the off-diagonal elements  0.456 0.391 0.367  0.762 0.636 0.638  0.684 0.614 0.582 

Wooldridge test for 
autocorrelation in panel 
data 

F(1,3) = 
349.136 

F(1,3) = 
84.741 

F(1,3) = 
302.639  

F(1,4) = 
850.610 

F(1,4) = 
308.445 

F(1,4) = 
306.704  

F(1,8) = 
235.858 

F(1,8) = 
263.788 

F(1,8) = 
285.961 

Prob > F 
= 0.000 

Prob > F 
= 0.003 

Prob > F 
= 0.000  

Prob > F 
= 0.000 

Prob > F 
= 0.000 

Prob > F 
= 0.000  

Prob > F 
= 0.000 

Prob > F 
= 0.000 

Prob > F 
= 0.000 

Pre-crisis 

  
Periphery 

 
Core 

 
All 

 
 

Baseline 
model 

Extended model  Baseline 
model 

Extended model  Baseline 
model 

Extended model 

(1) (2)  (1) (2)  (1) (2) 

Pesaran’s test of cross 
section independence 

-1.413, 
Pr = 1.842 

-0.420, 
Pr = 1.325 

0.471, 
Pr = 1.362  

4.034, 
Pr = 0.000 

1.342, 
Pr = 0.180 

1.611, 
Pr = 0.107  

0.575, 
Pr = 0.565 

1.503, 
Pr = 0.133 

3.158, 
Pr = 0.002 

Average absolute value of 
the off-diagonal elements  0.350 0.540 0.539  0.455 0.298 0.320  0.477 0.444 0.468 

Wooldridge test for 
autocorrelation in panel 
data 

F(1,3) = 
43.485 

F(1,3) = 
20.115 

F(1,3) = 
20.952  

F(1,4) = 
9.460 

F(1,4) =  
11.048 

F(1,4) =  
10.364  

F(1,8) = 
24.819 

F(1,8) = 
25.566 

F(1,8) = 
19.829 

Prob > F 
= 0.007 

Prob > F 
= 0.021 

Prob > F 
= 0.020  

Prob > F 
= 0.037 

Prob > F 
= 0.029 

Prob > F 
= 0.032  

Prob > F 
= 0.001 

Prob > F 
= 0.001 

Prob > F 
= 0.002 

Crisis 

  
Periphery 

 
Core 

 
All 

 
 

Baseline 
model 

Extended model  Baseline 
model 

Extended model  Baseline 
model 

Extended model 

(1) (2)  (1) (2)  (1) (2) 

Pesaran’s test of cross 
section independence 

-0.998, 
Pr = 1.682 

-0.758, 
Pr = 1.552 

-1.566, 
Pr = 1.882  

6.948, 
Pr = 0.000 

7.504, 
Pr = 0.000 

7.380, 
Pr = 0.000  

5.249, 
Pr = 0.000 

4.049, 
Pr = 0.000 

5.943, 
Pr = 0.000 

Average absolute value of 
the off-diagonal elements  0.356 0.443 0.375  0.587 0.634 0.624  0.461 0.416 0.457 

Wooldridge test for 
autocorrelation in panel 
data 

F(1,3) =     
28.940 

F(1,3) =  
21.364 

F(1,3) = 
16.803  

F(1,4) =    
283.148 

F(1,4) = 
82.738 

F(1,4) = 
64.108  

F(1,8) =     
60.957 

F(1,8) =  
67.590 

F(1,8) =  
63.260 

Prob > F 
= 0.013 

Prob > F 
= 0.019 

Prob > F 
= 0.026  

Prob > F 
= 0.000 

Prob > F 
= 0.001 

Prob > F 
= 0.001  

Prob > F 
= 0.000 

Prob > F 
= 0.000 

Prob > F 
= 0.000 

 

productivity�while they had a negligible role in in explaining sovereign bond yield
di�erences before the crisis�become much more important as determinant of sovereign
spreads during the crisis. All this results of the baseline model hint at the empirical
relevance of the so-called �wake-up call contagion�: investors started to reassess gov-
ernment default risk looking at similarities in the accumulation of government debt,
growth prospects and structural weaknesses, since the latter have an important impact
on �scal sustainability.
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Table 5 � Results for the whole sample of countries, by periods

   
Exp. sign 

Baseline model  
Model including financial and trade linkages 

 
Extended model 1 

 
Extended model 2 

Pre-crisisa Crisisb 
 Pre-crisisa Crisisb 

 Pre-crisisa Crisisb 

(1) (2)  (3) (4)  (5) (6) 

VIX + 0.000  0.032 
 

 -0.001  0.020   -0.009 * 0.015  

FTSE emerging markets + -0.001  0.168 *  -0.001  0.122   -0.005  0.103  

Central gov. debt (% of GDP) + 0.006 * 0.134 **       0.010 ** 0.196 **  0.015 * 0.151 ** 

Primary balance (% of GDP) - -0.012  -0.041 
 

 -0.011  0.059   -0.023 * -0.014  

Real labour productivity per hour 
worked - 0.020  -1.370 *     0.057 * -0.988   0.033 * -0.995 * 

Trade linkages +    
 

  0.007  0.730 *  -0.016  0.590 * 

Foreign/domestic gov. debt securities 
ratio (%) -    

 
    -0.000 * 0.000       

Foreign/national banks’ holdings of 
gov. debt ratio(%) -    

 
      -0.002 * -0.019 *** 

ProbWchi2  0.00  0.00   0.00  0.00   0.01  0.00  

Sigma_u  0.23     0.56         

Observations  329  118   198  118   207  118  

R-squared (within)  0.05  0.45   0.10  0.49   0.27  0.52  

Groups  9  9   9  9   9  9  

 
a Pre-crisis period: 2000q1-2009q3.
b Crisis period: 2009q4-2013q2.
∗ p < 0.05.
∗∗ p < 0.01.
∗ ∗ ∗ p < 0.001.

The global exogenous factors (global risk aversion and decoupling of emerging coun-
tries)�while they have a negligible role in explaining interest rates di�erences before
the crisis�turn from negative to positive and increased in magnitude and signi�cance
during the crisis. We argue that this evidence can be supportive of a �shift contagion�,
that is increased sensitivity to global �nancial factors.

Fiscal and other macroeconomic vulnerabilities

In the extended model, we con�rm results for the baseline model. As expected, countries
with higher public debt (over GDP) still pay a higher risk premium. Government debt
over GDP has the expected sign, becomes higher in magnitude and displays higher
statistical signi�cance during the crisis.

As for primary balance, the relevant coe�cient turns positive in the crisis period in
the extended model 1, although not statistically signi�cant. According to this evidence,
countries with lower public de�cit (over GDP) appear to have a higher sovereign default
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risk. To give an interpretation of this apparently contradictory result�which is robust
to di�erent speci�cations for the crisis period (see Section 5.3)�we advocate that the
policy outcomes of �scal consolidation may have widened spreads during the crisis
instead of contributing to reduce them. In other words, the ongoing �scal consolidation
in the periphery may have contributed to deteriorate macroeconomic fundamentals and
therefore, in turn, a�ected investors' expectations adversely (see Section 5.2 for more
details).

After several years of being almost irrelevant, real labour productivity di�erentials
has the highest explanatory power in predicting the variability of spread during the
crisis.

International �nancial linkages

We found evidence of contagion through �nancial linkages, while public debt held by
non-residents appears to be not successful in explaining spreads for the whole sample
of countries (Table 5, columns 3 and 4), we found a signi�cant coe�cient associated to
the foreign/national banks' holdings of gov. debt ratio (%) which displays the expected
negative sign (Table 5, columns 5 and 6).

The increase of the value of the coe�cient relative to the pre-crisis period suggests
that the �nancial withdrawal of foreign banks and the concomitant renationalization
of sovereign debt is associated with the exceptional rise in spread (see Figure 3). This
evidence could be considered supportive of the view that �nancial markets can actually
increase the sovereign default risk arti�cially and eventually force peripheral countries'
governments into default. It is in this sense that member countries of a monetary union
are downgraded to the status of emerging economies (as suggested by De Grauwe and
Ji, 2013).

Trade linkages

Trade linkages within the EMU periphery have a substantial role in spreading the crisis
over the EMU countries. Consistent to our expectations, we found that a concentration
of a country's export destinations toward the peripheral region contribute to explain
the higher sovereign spread during the crisis when all the countries of our sample are
clustered together. When the two EMU regions are considered in separate regressions,
results do not change much: though the trade links variable turn insigni�cant, it keeps
a positive coe�cient, slightly higher for the periphery than for the core (see Table 6
and Section 5.2).

5.2 Has the Eurozone crisis intensi�ed the Core-Periphery EMU divide?

Splitting the sample between North-EMU and South-EMU countries allow us to unveil
relevant di�erences over the Core-Periphery divide and the geographical reach of con-
tagion. Therefore we run separate regressions for the 4 peripheral countries and the 5
core countries of our sample.

The increased asymmetry between the Core and the Periphery is immediately evi-
dent in the role of global �nancial factors and country-speci�c �scal conditions a�ecting
sovereign risk perception. First, higher risk aversion lower the spreads in core countries
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Table 6 � Detailed results for the extended model 1, by clusters and periods

  Periphery Core 

 Exp. sign 
Pre-crisis Crisis Pre-crisis Crisis 

  (1) (2) (1) (2) 

VIX + 0.005  0.021  -0.005 *** -0.018  

FTSE emerging markets + -0.003  0.047  0.001  0.153  

Central gov. debt (% of GDP) + 0.027 *** 0.109 * -0.001  -0.155 * 

Primary balance (% of GDP) - 0.007  0.274  -0.004  -0.068  

Real labour productivity per hour worked - -0.013  -0.053  0.059 ** -0.989 * 

Trade linkages + -0.036  0.416  0.072 * 0.275  

Foreign/national banks’ holdings of gov. debt ratio (%) - 0.000  -0.013   0.000  0.002  

ProbWchi2  0.00  0.01  0.00  0.00  

Sigma_u  1.06  3.27  0.51    

Observations  88  44  110  118  

R-squared  0.38  0.60  0.01    

R-squared (within)  0.49  0.37  0.35  0.52  

R-squared (between)  0.92  0.69  0.02    

Groups   4  4   5  9  

 ∗ p < 0.05.
∗∗ p < 0.01.
∗ ∗ ∗ p < 0.001.

while increase the spreads in peripheral countries, as expected, particularly during the
crisis.

Second, we �nd that the impact of the public debt ratio on the country's sovereign
bond spread is positive for the periphery, as expected, while it is negative for the core
in both periods. It is worth noting that during the period 2000�2009 the two regions
shared a lower impact of public debt as determinant of sovereign bond yield pricing, but
the coe�cient associated to the accumulated sovereign debt was higher, signi�cant and
with the expected sign for the periphery. These results con�rm the view that �nancial
markets have always been less tolerant toward a weak �scal performance of the South.

Third, our results show that �scal de�cit increases the sovereign risk premium but
only in core countries. For peripheral countries we instead con�rm our general result
(Section 5.1, Table 5): an improved �scal balance is not conducive of lower spread. This
evidence, we believe, highlights and supports the criticism against untimely and exces-
sive austerity programs that peripheral countries�under pressure by adverse �nancial
market sentiments�were forced to embrace in the midst of the crisis, and may have
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important implications to redirect economic policies.

As for macroeconomic fundamentals, during the tranquil phase until the unfolding
of the Greek crisis, real labour productivity did not impacted on sovereign yield dif-
ferentials as expected (positive sign) in the core. Instead, during the crisis, spreads in
both regions exhibit the expected sign in their reactions to real labour productivity.
Surprisingly, in the time period 2009�2013 we �nd that the price of sovereign risk has
become more sensitive to our proxy for competitiveness (and structural imbalance) in
the North than in the South.

As for international investors �ows, we found two relevant results. First, the sup-
posed substitution e�ect between sovereign bonds of emerging markets, almost absent
for the decade before, become higher for the core than for the periphery during the Eu-
rozone crisis, although not statistically signi�cant. Second, one of the main di�erence
over the North-South divide during the crisis deals with foreign public debt dynam-
ics. While before the crisis the coe�cients associated with public debt held by foreign
banks over domestic banks' holdings ratio were extremely low and not signi�cant for
both regions, in the crisis period the di�erence between them is remarkable. The pro-
cess of re-nationalization of sovereign debt displays a high coe�cient in the South while
remaining unimportant in the Core.

Similar asymmetric evidence and consistent with our hypothesis is found when the
two regions are considered separately and country-speci�c �nancial contagion is mea-
sured as the ratio between the public debt securities held by foreign investors and public
debt securities held by residents (see Tables 7 and 8, columns (3) and (4)), even if re-
sults for the whole panel of countries would have suggested that spreads do not react
to the composition of public debt securities by nationality of holders (Table 1).

During the crisis period trade linkages matter and have the expected positive sign
for both the regions. However, as expected, its role in spreading the crisis appears to
have been comparatively higher in the Periphery relative to the Core.

On the background of our narrative story on the Eurozone crisis presented in Section
3, we suggest that peripheral countries started to pay a higher risk premium on sovereign
bond yield not just and not only because of lower economic performance and/or their
claimed �scal laxity but mainly because of a form of �pure contagion�. Herd behaviour
and massive sell of peripheral public debt securities by foreign investors prompted the
widening of spreads well beyond what might be expected by changes in fundamentals.
We believe that the concomitant increase of public debt held by domestic banks in
some peripheral countries, resulting in a process of re-nationalization of sovereign debt,
has entailed a strengthening of the vicious circle between sovereign credit risk and
banking fragility with negative consequences on market evaluation of national default
risk. Therefore, the huge widening of the dispersion of government bond yields across
euro-area countries may have its roots not only on a fear of reversibility of the euro,
but also on investors' concerns about the increased country-speci�c riskiness in some
peripheral countries.
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Table 7 � Detailed results for the baseline and extended models, by clusters: Periphery

  

 
Exp. sign 

Baseline model 
Model including financial and trade linkages 

Extended model 1 Extended model 2 
Pre-crisis Crisis Pre-crisis Crisis Pre-crisis Crisis 

(1) (2) (3) (4) (5) (6) 

VIX + 0.003 * 0.020  0.005 * 0.022  0.005  0.021  

FTSE emerging markets + -0.001  0.033  -0.003  0.047  -0.003  0.047  

Central gov. debt (% of GDP) + 0.016 *** 0.083 * 0.032 *** 0.101 * 0.027 *** 0.109 * 

Primary balance (% of GDP) - -0.016  0.171  0.014  0.190  0.007  0.274  

Real labour productivity per hour 
worked - -0.021  -0.164  0.025  -0.061  -0.013  -0.053  

Trade linkages +     -0.028  0.521  -0.036  0.416  

Foreign/domestic gov. Debt 
securities ratio (%) -     -0.001 ** -0.012      

Foreign/national banks’ holdings 
of gov. debt ratio (%) -               0.000  -0.013  

ProbWchi2  0.00  0.05  0.00  0.02  0.00  0.01  

Sigma_u  0.46  2.61  1.24  3.63  1.06  3.27  

Observations  152  44  88  44  88  44  

R-squared  0.41  0.45  0.31  0.54  0.38  0.60  

R-squared (within)  0.22  0.24  0.51  0.37  0.49  0.37  

R-squared (between)  0.97  0.49  0.74  0.59  0.92  0.69  

Groups   4  4   4  4   4  4  

 ∗ p < 0.05.
∗∗ p < 0.01.
∗ ∗ ∗ p < 0.001.

5.3 Robustness checks

5.3.1 Multicollinearity and sensitivity analysis for di�erent �nancial contagion vari-
ables

In this section we conduct a series of tests to evaluate the robustness of our results to
di�erent �nancial contagion variables. To assess the sensitivity of our key �ndings, we
refer to variables able to disentangle the di�erent role played by international capital
retrenchment and the re-nationalization of sovereign debt sustained by local banking
systems of a�ected countries. Particularly we distinguish between foreign and domestic
shares of public debt securities, and, within the sovereign debt held by banks, we
estimate the impact of foreign and national banks exposure separately.

First, we control for potential multicollinearity among independent variables. Bilat-
eral correlations are not very high, including between the �nancial and trade linkages
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Table 8 � Detailed results for the baseline and extended models, by clusters: Core

 
 

Exp. sign 

Baseline model 
Model including financial and trade linkages 

 
Extended model 1 Extended model 2 

 
Pre-crisis Crisis Pre-crisis Crisis Pre-crisis Crisis 

  (1) (2) (3) (4) (5) (6) 

VIX + -0.012 ** -0.016  -0.005 *** -0.019  -0.005 *** -0.018  

FTSE emerging markets + -0.006 * 0.153  0.001  0.151  0.001  0.153  

Central gov. debt (% of GDP) + -0.001  -0.184 * -0.001  -0.148 * -0.001  -0.155 * 

Primary balance (% of GDP) - -0.004  -0.170  -0.004  -0.082  -0.004  -0.068  

Real labour productivity per hour 
worked - -0.003  -1.026 * 0.060 ** -1.028 * 0.059 ** -0.989 * 

Trade linkages +     0.073 * 0.269  0.072 * 0.275  

Foreign/domestic gov. debt 
securities ratio (%) -     0.000  0.000      

Foreign/national banks’ holdings 
of gov. debt ratio (%) -               0.000  0.002  

ProbWchi2 

 

0.01  0.00  0.00  0.00  0.00  0.00  

Observations 

 

182  118  110  118  110  118  

R-squared (within) 

 

0.41  0.45  0.36  0.49  0.35  0.52  

Groups   5  9   5  9   5  9  

 
 
∗ p < 0.05.
∗∗ p < 0.01.
∗ ∗ ∗ p < 0.001.

variables and country-speci�c macro variables (Table 9). Generally, small correlation
coe�cients do not support the hypothesis that the contagion variables may be driven
by the same macro variables driving bond yields spreads, rather than having their own
impact on bond yields spreads. Not surprisingly, the highest correlations are between
foreign debt securities ratio (%) and foreign debt securities share (0.83) and between
foreign banks' holdings ratio and foreign banks' holding share (0.92). Therefore in our
sensitivity analysis we include these variables separately in the regressions.

Results con�rm our main �ndings: lower foreign investor base�and particularly the
falling demand by foreign banks�, higher domestic banks' exposure on sovereign debt,
and trade linkages are signi�cant determinant of sovereign spreads rise during the crisis.
Diagnostic results conducted to verify for the presence of cross-section dependence in
our sensitivity analysis are not reported here to save space but are available upon
request. We report only the panel estimates for the whole sample of countries and
the two sub-periods (Tables 10 and 11) while those for each of the two regions (core
and periphery) are again available upon request. As for the periphery, we obtained
results that are consistent with the panel estimates reported in Tables 10 and 11. As
for the Core region, coe�cient estimates are generally with the opposite signs as those
expected.
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5.3.2 Possible persistence and the question of causality

We have found that a weaker government �nance, lower prospects of growth and �nan-
cial (retrenchment of foreign capital associated with increased domestic banks' holdings
of sovereign debt securities) and trade linkages are associated with higher spreads.

In this section to address the possible persistence of spreads (as a measure of default
probability) and causality, we re-estimate the relationships of Equation (1) in �rst
di�erences: in other words, the estimations now explain the change in spreads.

The panel estimation technique used here allows for heteroscedasticity, that is, for
the variance of the error terms to vary by country. It also allows for �rst-order autocor-
relation in errors and for contemporaneous correlation of error terms across countries
(spatial dependence) and, hence, for unobserved common shocks felt by all countries.
Country �xed e�ects λi are included to allow for the in�uence of unobserved country-
speci�c factors.

The empirical speci�cation of the estimated model takes the form:

∆spreadit =
2∑

l=1

β0,t−l∆spreadi,t−l +
1∑

l=0

β0,t−l∆Ci,t−l +
2∑

l=0

β0,t−l∆Xi,t−l

+
2∑

l=0

β0,t−l∆Wi,t−l + λi + εit.

(3)

Through these regressions, we aim to identify the main causes of the rise and dis-
persion of sovereign spreads. The inclusion of the lagged dependent variables in model
(3) is intended to capture the persistence in the change in spreads while the lagged
explanatory variables are included to gain insights on the sequencing of changes and
hence on possible causality.

Prior to the Greek crisis, spreads show a tendency to mean reverse and a positive,
although not signi�cant, association with the debt to GDP ratio (Table 12). The
absence of contemporaneous correlation of spreads with the other explanatory variables
and the absence of lagged e�ects can be considered a con�rmation that investors and
rating agencies were almost neglecting sovereign risks.

In the post-crisis period, persistence of spreads becomes evident and the rise in
spreads becomes to be related to changes in public �nance variables and in real labour
productivity which display a contemporaneous association and signi�cant lagged e�ects
with the expected negative sign.

The sign of the coe�cients of lagged �scal variables (debt ratio and primary bal-
ance ratio) shows that the sovereign spread rises when a country was experiencing a
deterioration of budget surplus (and/or an increase in sovereign debt) two-quarter ear-
lier. Sovereign spreads also rise even when debt to GDP has decreased and budget
surplus improved one quarter before. In other words, these results may suggest that
once market appetite for risk has declined, market response to �scal consolidation could
be asymmetric or vanish. Investors may continue to punish countries with higher debt
even when e�orts to improve �scal balance have been fully accomplished. The one-
lagged e�ect of improved budget balance and the higher contemporaneous positive and
signi�cant association between public debt rise and sovereign spreads change should be
interpreted in this perspective.

As for global factors, we �nd a substantial role for a general revaluation of Eurozone
risk relative to emerging market economies. Overshooting of risk perception during
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Table 12 � Changes in spreads and its main determinantsa

 Whole sample 

  Pre-crisis Crisis 

L1D.10-year government bond spreads -0.027 0.087  

L2D.10-year government bond spreads -0.363 0.001  

D.Chicago Board Options Exchange Volatility Index, VIX -0.001 -0.008  

L1D.Chicago Board Options Exchange Volatility Index, VIX -0.001 -0.032 ** 

D.FTSE EURO EMERGING MARKETS 7-10Y -0.001 0.079 * 

L1D.FTSE EURO EMERGING MARKETS 7-10Y 0.000 -0.046  

D.Central gov. debt (% of GDP) 0.010 0.157 * 

L1D.Central gov. debt (% of GDP) -0.002 -0.058  

L2D.Central gov. debt (% of GDP) -0.001 0.088  

D.Primary balance (% of GDP), general gov. -0.028 0.110  

L1D.Primary balance (% of GDP), general gov. 0.014 0.325 * 

L2D.Primary balance (% of GDP), general gov. -0.002 -0.510 ** 

D.Real labour productivity per hour worked 0.039 -0.563  

L1D.Real labour productivity per hour worked 0.010 -0.898 ** 

L2D.Real labour productivity per hour worked 0.011 -0.248  

D.tradelink -0.021 0.303  

L1D.tradelink 0.058 -0.976 * 

L2D.tradelink -0.030 0.060  

D.Foreign/national banks’ holdings of gov. debt ratio (%) -0.001 -0.015  

L1D.Foreign/national banks’ holdings of gov. debt ratio (%) 0.000 -0.027 ** 

L2D.Foreign/national banks’ holdings of gov. debt ratio (%) 0.000 -0.009  

Sigma_u 0.03 0.44  

Rho 0.06 0.28  

Observations 180 91  

R-squared 0.17 0.59  

R-squared (within) 0.20 0.60  

R-squared (between) 0.47 0.96  

Countries 9 9  

 a D is the di�erence operator, L1 and L2 are �rst and second lag, respectively. The dependent variable

is spread di�erence. Standard errors are robust for within-countries correlation.
∗ p < 0.05.
∗∗ p < 0.01.
∗ ∗ ∗ p < 0.001.

the sovereign debt crisis, re�ected in higher sovereign spreads, were associated with
lower emerging markets bond yields, since they were supposed as less fragile. Note,
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however that while the contemporaneous coe�cient is positive and highly signi�cant,
the coe�cient on the lagged e�ect is negative and insigni�cant raising some doubts on
the issue of reverse causality.

As for contagion variables, the inclusion of lagged regressors are particularly infor-
mative. First, the correlation structure between sovereign spreads and the trade linkages
index changed markedly after the onset of the Eurozone crisis, with a contemporaneous
and 2-lagged positive association.

Second, and most importantly, the coe�cient associated to the re-nationalization of
sovereign debt held by domestic banks occurred one-quarter before shows a signi�cant
and higher impact on sovereign spread rise than the coe�cient associated to the con-
temporaneous and two-lagged e�ects of the same �nancial variable, that nevertheless
keep the expected negative sign.

To summarize, our results suggest that real labour productivity, public debt and
�nancial withdrawal of foreign banks can be considered as �determinants� of spreads in
a causal sense.

6 Concluding remarks

The reality of contagion deserves far more attention than it has received since it has
been one of the main justi�cations of the need to adopt adjustment policies to overcome
the Eurozone crisis. While consensus is growing on the role of contagion in explaining
the exceptionally upsurge in bond yield di�erences across EMU members, its empirical
investigation poses many di�culties. Our analysis suggests that yield spreads between
the Eurozone countries during the sovereign debt crisis are a�ected by �scal performance
and macroeconomic fundamentals. The yield spread increases with public debt to
GDP ratio, while decreases with productivity. Furthermore, our results con�rm that
contagion has been con�ned to the Eurozone periphery. After the Greek crisis, sovereign
yield spreads become more sensitive to �nancial and trade linkages, particularly in the
EMU-periphery. We suggest that the sudden retreat of foreign debt holders su�ered by
the peripheral sovereign debt markets is one relevant transmission mechanism of the
Eurozone crisis. We also provide evidence of wider �nancial spillovers e�ects. Investors
may have started to substitute European debt securities for the sovereign bonds of
emerging countries perceived as less unstable, and possibly with higher expected returns
because of optimistic expectations of decoupling.

Our results suggest that during the Eurozone crisis �nancial markets have stimulated
a fragmentation of �nancial and real markets along national boundaries and over the
well-known North-South divide, with adverse implications for e�cient capital allocation
and international risk-sharing. In light of the long-lasting construction of Europe, it
appears as an undesirable development, as it may threaten social cohesion and political
stability in Europe.

From a policy perspective, our analysis carries some relevant implications. First,
contagion and crisis could not be avoided in the future as long as monetary, banking
and �scal authorities still remain disconnected. Particularly, to improve the overall
stability of the �nancial system and avoid pressure on the sovereign bond markets, it is
important to delink banks from their own sovereign risk. As suggested by Gros (2013),
this objective will not be achieved if banks continue to hold massive amounts of the
debt of their own country. Second, governments' �scal consolidation proved unable to
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restore con�dence and to halt contagion in the Eurozone crisis. Our results con�rm
this view, since a positive correlation between spread and �scal balance emerged for the
periphery. Hence, it is not surprising that austerity programs have attracted a lot of
criticism, especially when their unexpected destructive e�ects in terms of sustainable
government �nance, unemployment and poverty started to become apparent. Finally,
to re-establish con�dence, it is essential to encourage structural reforms that enhance
the long-run path of economic growth but also to promote cohesion through a joint
e�ort in reducing imbalances to keep and eventually enhance the bene�ts of economic
integration.
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