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Abstract

We use a panel of euro area countries to assesketéaninants of long-term sovereign
bond yield spreads over the period 1999.01-2010M2.find that, unlike the period

preceding the global financial crisis, Europeanagament bond yield spreads are well-
explained by macro- and fiscal fundamentals overdtisis period. We also find that
the menu of macro and fiscal risks priced by markets been significantly enriched
since March 2009, including the risk of the crigigihsmission among EMU member
states, international risk and liquidity risk. Higawe find that sovereign credit ratings
are statistically significant in explaining spreaget compared to macro- and fiscal
fundamentals their role is limited.
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Non-technical summary

Following the 2008-2009 international financial stsi and notably in the
aftermath of the Lehman Brothers bankruptcy in eutu2008, fiscal imbalances
increased in most European economies and the eeeoim particular, reflecting the
high fiscal cost of the measures taken to contarfallout from the credit crisis. These
developments have been followed by a sovereign des, which started from Greece
in autumn 2009 and gradually engulfed the wholethef European Economic and
Monetary Union (EMU), particularly the so-calledripbery EMU economies. Greece
Ireland and Portugal were all forced in 2010-1Xdsort to financial rescue schemes.
These, however, failed to put a halt to the crikist only all three countries remain,
effectively, cut-off from international bond marketbut in the second half of 2011
Spanish and Italian government bonds came undeifisant market pressure.

In this paper we assess the determinants of lamg-g@vernment bond yields in
the euro area, paying particular emphasis in tfgnging composition over time. We
employ a panel of ten euro area countries (AusBegium, Finland, France, Greece,
Ireland, Italy, Netherlands, Portugal and Spaingrothe period 1999:01-2010:12
(monthly data). We assess the role of an exteneledf potential spreads’ determinants,
namely macroeconomic and expected fiscal fundarseni@ernational risk, crisis’
transmission risk, liquidity conditions, and sovgrecredit ratings. We consider three
distinct time periods: first, the period preceditig global credit crunch (1999.01 —
2007.07); second the period during which the glabadlit crunch had not yet mutated
into a sovereign debt crisis (2007.08 — 2009.04¢t third the period during which the
global financial crisis mutated into a sovereigbtdgisis (2009.03 — 2010.12).

Our findings can be summarised as follows: i) tbeosd principal component of
yield spreads, including Greece, Portugal, Spaelamd and Italy, captures the risk
involved in investing to periphery relative to ca@untries’ bonds. Starting from early
2009, the two groups decoupled, with the risk afigeery countries relative to core
ones increasing rapidly. The developing peripheisiscaused an increased risk of the
crisis’ transmission among periphery countries,wadl as from periphery to core
countries since early 2010; ii) since August 20@hér international risk is associated
with higher spreads iii) since August 2007 yieldesuls increase as a response to a
slowdown in growth; iv) since March 2009 yield spue are positively associated with
real exchange rate appreciation and negativelycagsd with bond market liquidity; v)
markets price fiscal risk, throughout the periodlemexamination, through the fiscal
balance. Since March 2009, however, they penalssmalfimbalances more strongly,
attaching an extra premium on the stock of progegigblic debt; vi) between summer
2007 and spring 2009, the decrease in long-termt thslbance in most euro area
countries was associated with lower yield spreaglsile since March 2009 the
relationship between the two variables reverses; oredit ratings are statistically
significant in explaining spreads but their role@t critical.

Overall, we find that, unlike the period preceditg global financial crisis,
European government bond yield spreads are welkmgn by macro- and fiscal
fundamentals over the crisis period; that the meihmacro and fiscal risks priced by
markets has been significantly enriched since M&@@9, including the risk of the
crisis’ transmission among EMU member states, mational risk and liquidity risk;
and that sovereign credit ratings are significanéxplaining spreads, yet compared to
macro- and fiscal fundamentals their role is limite



1 Introduction

Following the 2008-2009 international financial st$i and notably in the
aftermath of the Lehman Brothers bankruptcy in eutu2008, fiscal imbalances
increased in most European economies and the eeeoim particular, reflecting the
high fiscal cost of the measures taken to contarfallout from the credit crisis. These
developments have been followed by a sovereign des, which started from Greece
in autumn 2009 and gradually engulfed the wholethef European Economic and
Monetary Union (EMU), particularly the so-calledriphery EMU economies. With
their government bond vyields soaring, and followiag series of credit rating
downgrades, Greece Ireland and Portugal were farc@@10-11 to resort to financial
rescue schemes organised by the European Union (B&)European Central Bank
(ECB) and the International Monetary Fund (IMF)tlve context of the newly-created
mechanism, the European Financial StabilisationilisBac(EFSF). These rescue
packages, however, failed to put a halt to thascridot only all three countries remain,
effectively, cut-off from international bond marketbut in the second half of 2011
Spanish and Italian government bonds came undeifisant market pressure.

In response to the European sovereign debt casmymber of recent empirical
studies have attempted to identify the factorscafig EMU government bonds vyields
spreads. This previous literature (see section,th@3d explained the crisis on the basis
of a transfer of global financial risk to sovereitponds through banking bailout
schemes (Acharya et al., 2011); changing privapeetations regarding the probability
of default risk and/or a country’s exit from ther@Arghyrou and Tsoukalas, 2011),
leading to a marked shift in market pricing behavifsom a ‘convergence-trade’ model
before August 2007 to one driven by macro-fundaaisnaind international risk
thereafter (Arghyrou and Kontonikas, 2012); inceshattention to fiscal developments.
(Afonso, 2010); contagion effects (De Santis, 204r) sovereign credit ratings events
(Afonso et al., 2012).

In this study we investigate the determinants afopgan government bond yield
spreads against Germany, the variable typically lgeinvestors and policy makers to
assess the spread and intensity of the Europeancdsis. Our analysis focuses onto
the extent to which the determination of spreadsdianged before and after the onset
of the crisis, as well as during different stagésthe crisis. More specifically, we
differentiate between three distinct time periofiist, the period preceding the global
credit crunch (1999.01 — 2007.07); second the gedioring which the global credit



crunch had not yet mutated into a sovereign debiscf2007.08 — 2009.02); and third

the period during which the global financial criemitated into a sovereign debt crisis
(2009.03 — 2010.12). Compared to existing studws, use a widened set of

fundamentals enabling us to capture further insigbbme of which are unreported in
the previous literature, relevant to the factoredrining sovereign spreads in the euro
area. These include macroeconomic and expectedl flandamentals, international

risk, liquidity conditions and the risk of the ds'stransmission among EMU member
states, which we capture using principal componantsysis as in Longstaff et al.

(2011).

We employ a panel of ten euro area countries (AydBelgium, Finland, France,
Greece, Ireland, Italy, Netherlands, Portugal améity over the period 1999:01-
2010:12 (monthly data). Our findings can be sumseakias follows: i) the second
principal component of yield spreads, including €& Portugal, Spain, Ireland and
Italy, captures the risk involved in investing teriphery relative to core countries’
bonds. Starting from early 2009, the two groupsodeted, with the risk of periphery
countries relative to core ones increasing rapidlge developing periphery crisis
caused an increased risk of the crisis’ transmisaimong periphery countries, as well
as from periphery to core countries since early020i) since August 2007 higher
international financial risk is associated withleg spreads iii) since August 2007 yield
spreads increase as a response to a slowdown wthgriv) since March 2009 yield
spreads are positively associated with real exahaate appreciation and negatively
associated with bond market liquidity; v) marketie@ fiscal risk, throughout the period
under examination, through the fiscal balance. &iiarch 2009, however, they
penalise fiscal imbalances more strongly, attaclingextra premium on the stock of
projected public debt; vi) between summer 2007 sprthg 2009, the decrease in long-
term debt issuance in most euro area countriesagsaciated with lower yield spreads,
while since March 2009 the relationship betweentiie variables reverses; vii) credit
ratings are statistically significant in explainisgreads but their role is not critical.

The remainder of the paper is organised as folld®®extion two reviews the
related literature on the determinants of euro ameereign spreads before and during
the European debt crisis; section three presemtsisausses our dataset, methodology,

and empirical results; section four concludes.



2. Related literature

Existing studies on EMU government bond yields, tleir spread against
Germany, fall into two broad categories, respettivevering the period prior to and
following the global financial crisis. Both group$ studies typically follow the general
literature on government bond yields modelling lditer on three main variables (see
e.g. Manganelli and Wolswijk, 2009): First, aneimational risk factor capturing the
level of perceived financial risk and its unit gicTypically, this is empirically
approximated using indexes of US stock market iegpliolatility or the spread between
the yields of US corporate bonds against US trgaduits. Second, credit risk,
reflecting the probability of default on behalf af sovereign borrower, typically
approximated using indicators of past or projediaf future fiscal performance.
Indeed, existing evidence suggests that markedshatidditional risks to the loosening
of observed fiscal positions (see e.g. Ardagnd.e2@04; Afonso and Rault, 2010) and
shifts in fiscal policy expectations (see e.g. Hio@f and Mankiw, 1999). Third,
government bond yields are linked to liquidity rigkis source of risk refers to the size
and depth of the sovereign bonds market and captheepossibility of capital losses
due to early liquidation or significant price retloos resulting from a small number of
transactions. Liquidity is a variable particuladyficult to measure empirically, usually
approximated using bid-ask spreads, transactiaomve$ and the level of or the share of
a country’s debt in global/lEMU-wide sovereign débée e.g. Favero et al.,, 2010,
Arghyrou and Kontonikas, 2012).

The literature on European government bonds fop#red preceding the global
credit crunch is not unanimous regarding the rdieeach of the three variables
discussed above. Having said so, the balance oftexpevidence leads to the following
conclusions: First, prior to summer 2007 the irdéional risk factor was an important
determinant of bond yields and spreads, as sughéststudies including Codogno et
al. (2003), Geyer et al. (2004), Barrios et al.0@0 Sgherri and Zoli (2009),
Manganelli and Wolswijk (2009) and Favero et alD1@). This effect was stronger
during periods of tightening international finarctanditions (see e.g. Haugh et al.,
2009; Barrios et al., 2009) and more prominentdaantries with high levels of public
debt (see e.g. Codogno et al., 2003).

Second, sovereign credit risk was priced in govemt bond yields, as suggested
by Codogno et al. (2003), Faini (2006), Bernothakt(2004), Bernoth and Wolff
(2008), Manganelli and Wolswijk (2009) and Schukrteet al. (2009). Bernoth and



Wolff (2008) and Schuknecht et al. (2009) intergras finding as evidence that the
Stability and Growth Pact operated as credible meisim enforcing fiscal discipline
among EMU members. This interpretation, howeves, lieen contested by Manganelli
and Wolswijk (2009), who suggest that the penalieposed by markets were not
sufficiently high to prevent unsustainable natioiiedal policies. Similarly, Afonso and
Strauch (2007) report that the fiscal policy evant2002 in the EU had only small
effects on government bond yield spreads, whildadatrg and Wolff (2008) find that
the effect of fiscal performance on EMU sovereigndb yields has weakened following
the euro’s introduction. Overall, default risk imtEMU context has been seen in the
past, at least before the global financial crigishe present but rather subdued (see e.g.
Bernoth et al., 2004).

Finally, the effect of liquidity risk for the pemopreceding the global financial
crisis is disputed. Codogno et al. (2003), Bernethal. (2004), Pagano and Von
Thadden (2004), and Jankowitsch et al. (2006) &niimited and declining liquidity
effect on EMU spreads. On the other hand, Gomeg-006), Beber et al. (2009), and
Manganelli and Wolswijk (2009) find that liquidityas an important determinant of
yields spreads. Liquidity effects are found to b@rgger during periods of tightening
financial conditions and higher interest rates,irdyurwhich market participants are
willing to trade lower yields for higher sovereidabt liquidity?*

There is a growing literature on EMU sovereign bdadng the current period of
financial turmoil. More specifically, existing stied share two common findings. First,
the observed widening in EMU spreads is largelyadriby the increased international
risk factor? In this process, the role of domestic bankingasds crucial, as suggested
by Candelon and Palm (2010), Gerlach et al. (204 Acharya et al. (2013).

International banking risk appears to have bearmstoamed into sovereign risk through

! Favero et al. (2010), on the other hand, provideotetical justification and empirical evidence
according to which during the early EMU-years ldjty had a smaller effect on sovereign spreads in
periods of high risk. This is explained by the fdgt in crisis periods investors choose from aiced set

of alterative investment opportunities, limitingethwillingness to move away from sovereign bonds.

2 Holl6 et al. (2012) develop a comprehensive iricaf financial stress for the EMU composed using
information from numerous financial markets, comgrthe period 1987-2010. Their findings suggest an
unprecendented increase in financial systemicinigke euro area since mid-2007, whose peak cascid
with the immediate aftermath of the Lehman Brotlogisis.

% An important feature of the model by Acharya et{2011) is its prediction of the existence of tway
causality between financial and sovereign debiscrighey show theoretically the existence of a feet
contagion effect, running from sovereign credik itis financial risk, which they explain on the kssef a
loss of value in the financial sector’s holdingssofereign bonds, as well as the value of any itpli
and/or explicit government guarantees to the fir@rsector as a form of bailout. Acharya et al. (20
present empirical evidence supporting the existehtkis feedback effect.



three channels. First, shortages in banking liquidistricted credit to the private sector
causing economic recession and increasing fischhlamces. Second, governments
were obliged to recapitalise banks using public eyomcreasing fiscal liabilities
further. In relation to this, if bank bailouts gperceived to be (even partly) financed
through future taxation, they reduce the non-fim@nsector's incentives to invest,
hurting growth and, implicitly, expected future fiab revenue. Finally, the
announcement of a banking bailout itself lowersghee of government debt due to the
anticipated dilution from newly issued debt. Withtional banking sectors having
different degrees of exposure to international fimal conditions the increase in the
common international risk factor causes a hetereges impact on national spreads.
Attinasi et al. (2009), Sgherri and Zoli (2009), #40(2009), Barrios et al. (2009),
Gerlach et al. (2010), Schuknecht et al. (2010%eG=s et al. (2010) and Acharya et al.
(2011) have all established the importance of titernational risk factor during the
crisis period and its impact on the latter throtlgh financial/banking sector.

The second point of consensus is that during tisésqoeriod markets have been
penalising fiscal and other macro-imbalances mucbremheavily than before.
According to Arghyrou and Kontonikas (2012), unlikee pre-crisis period, when
markets did not price macro-fundamentals (with plossible exception of expected
budget deficits) and the international risk factuying the crisis period markets have
been pricing both factors, and several factorsabigtfiscally related, have become
relevant determinants of spreads. Similar findiagsobtained by Bernoth and Erdogan
(2010). Furthermore, markets not only attach admgteight on fiscal imbalances, but
they also price their interaction with the interoaal risk factor (see e.g. Barrios et al.,
2009; Haugh et al., 2009; Manganelli and WolswiR09; Schuknecht et al., 2010).
Increased focus on heterogeneous fiscal performaumib@ok and the latter’s interaction
with the international risk factor is another majactor explaining the differential
spread increases observed among EMU countries-@aao and Missale, 2011).

Moreover, the literature has uncovered importaonsscountry contagion/spill-
over effects among several euro countries bothemtarket for sovereign EMU bonds
and Credit Default Swaps (CDS), particularly in tase of less well-rated sovereigns
(see e.g. Caceres et al. 2010; Arghyrou and Kokagni2012; De Santis, 2012; Favero
and Missale, 2011). The European sovereign debBischas also caused spill-over
effects to the exchange rate of the euro versuslshdollar (see Hui and Chung, 2011).

By contrast, and in line with the pre-crisis peritite evidence suggests a rather limited



role for country-specific liquidity risk (see e.gttinasi et al., 2009; Sgherri and Zoli,
2009; Barrios et al., 2009; Haugh et al., 2009; Argu and Kontonikas, 2012; De
Santis, 2012; Favero and Missale, 2011).

Finally, recent studies have investigated the imhpasovereign credit ratings on
EMU sovereign bond yields. Afonso et al. (2012 fimotably significant responses of
government bond yield spreads to changes in ratiogtions and outlook (from
Standard & Poor’'s, Moody’s, Fitch), particularly inhe case of negative
announcements. In addition, rating announcementoinalled event countries affect
more significantly sovereign yields in non-eventicoies when the sovereign rating of
the event country is lower than those of non-ewenintries. Therefore, such spill-over
effects run from lower rated countries to highetedacountries. Similar findings,
confirming the significance of sovereign credit mgjes in determining yields in the
market for CDS on EMU sovereign bonds, as wellhasexistence of substantial spill-
over effects both across countries and financiakets, are presented by Arezki et al.
(2011) and De Santis (2012).

3. Analysis
3.1. Methodology

We use a unified framework of analysis capturinguwtaneously and extending
the insights of the studies by Arghyrou and Korkari(2012) and Afonso et al. (2012).
In its simplest version the proposed specificatmassess the potential determinants of

the sovereign long-term bond yields can be wrigten

Spric = a+ Bispriva + Bovixe + Bbay + Sybalance: + Ssdebtit + Ss0ic + 70indit
+ [(gpC2: + yi + &t (1)

Equation (1) models the 10-year government bonid gpread versus Germany,
sprit, on the international risk factor, bond marketidity conditions, macroeconomic
and fiscal fundamentals, and contagion effects rpm@ting country-specific fixed
effects ;). To account for endogeneity between spreads lametplanatory variables
we estimate equation (1) using the Two-Stage L8gsares (2SLS) method with cross-

section weights which account for cross-sectionatetoskedasticit§. Following

“ An alternative panel estimation approach, the lane and Bond GMM method, is more appropriate to
cases where the panel is characterised by a langéer of cross-sections and a small number of time-



standard practice in the empirical literature on UEENEquation(1) includes lagged
spreads to account for spreads persistence (se&altach et al., 2010). As Hallerberg
and Wolff (2008) explain, while the persistent matwf spreads implies that the
exclusion of the lagged spread term from the muadlélgenerate omitted variable bias,
inclusion of the lagged dependent variable as eessgr generates a different bias since
the latter variable is correlated with the fixefeets (see Nickell, 1981). Nevertheless,
as Hallerberg and Wolff (2008) point out, the lattgas declines as the time-series
dimension of the paneT] increases and becomes quite small dheceaches 20. As in
our sampleT = 144 we expect any bias introduced by the inolusef the lagged
dependent variable to be very small and in alllilkeed smaller than the omitted
variables bias that would arise by its exclusioowdver, in the robustness tests that
follow our estimations, we have also estimatedddwee line model excluding the lagged
spread term. The results, as we shall see in se8tibbelow, remain qualitatively very
similar.

vix; is the logarithm of the S&P 500 implied stock nedrkolatility index (VIX),
our proxy for the international risk factor. TheX/loften called the ‘investor fear
gauge’ since it tends to spike during market tutnpariods (Whaley, 2000), is a
reasonable proxy for international financial riskody, 2009) and has been extensively
used in the literature on euro area government lspreids (see e.g. Beber et al., 2009)
and Gerlach et al., 2010)We expect a higher (lower) value for the interoraail risk
factor to cause an increase (reduction) in goventinend spreads.

ba;; denotes the 10 year government bond bid-ask spiédslis our measure of
bond market illiquidity, with a higher (lower) vauof this spread indicating a fall
(increase) in liquidity leading to an increase (&tn) in government bond yield
spreads. Bid-ask spreads are used to capture itig@itfects in EMU sovereign bond
markets by a number of previous studies includagrios et al. (2009), Favero et al.
(2010), Gerlach et al. (2010), and Bernoth and §adq2010).

series observations, that is, the opposite casleeotype of panel that we work with (see also Baret

al., 2009). All reported models have also beenredtd using the Feasible Generalised Least Squares
(FGLS) method, with cross-section weights whichoaktting for cross-sectional heteroskedasticity (see
also Attinasi et al., 2009). The FGLS results (ke upon request) do not differ significantlyrfrdhe
2SLS results.

® The VIX is constructed using call- and put-impliedlatilities from the S&P 500 index 30-day options
Implied volatility measures are forward-looking, @sposed to historical volatility measures whick ar
backward-looking Econometric analysis using regswétching models in IMF (2003) suggests that
‘flight-to-quality’ periods and high levels of thdX tend to coincide.
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balance; and debt;; denote the expected fiscal position variables, etgrthe
expected (one-year ahead) government budget balar@BP ratio and the expected
government debt-to-GDP ratio, respectively, bothasueed as differentials versus
Germany.The expected fiscal position provides a proxy foeddt quality, with an
expected fiscal deterioration implying higher riskhe utilisation of expected, as
opposed to historical fiscal data, is in line wghnumber of recent studies on EMU
government bond yield spreads including Attinasale{2009), Sgherri and Zoli (2009),
Gerlach et al. (2010) and Favero and Missale (204/8) expect a higher (lower) value
for the expected government budget balance to eeflucrease) spreads; while higher
(lower) expected public debt should cause an iseré@eduction) in spreads.

gi: is the log of the real effective exchange ratds Mariable generally captures
credit risk originating from general macroeconowigequilibrium although, and given
the inclusion in equation (1) of variables speailliz capturing fiscal fundamentals and
growth conditions (see below), in our specificatibmay be mainly capturing external
competitiveness. An increase (reduction)gidenotes real exchange rate appreciation
(depreciation), which is expected to increase (celigpreads as theoretically justified
by the analysis of Arghyrou and Tsoukalas (201 The empirical significance of real
exchange rates in explaining spreads in the EME has been confirmed by Arghyrou
and Kontonikas (2012). In the empirical specificatishown above, we use trade-
weighted real exchange rates calculated againstsamnple countries’ main trading
partners. As Germany is the main trading partnallafountries included in our panel,
the level of the real effective exchange m@teaptures the effect of relative productivity
shocks against Germany, as well as the shocksiveel&d the remaining trading

partners. However, in our robustness tests, we edimate our baseline model using

® Using insights from the literature on currencyses (see Obstfeld, 1996 and Krugman, 1998) these
authors treat euro-participation as a form of feeedhange rate regime. They assume a rational
government whose control variable is the decisionstay in or exit the euro. Depending on the
expectations status of rational private sectorgihneernment decides its optimal policy action (stapr
leave the euro) by balancing the costs of its twlicp options. This cost is reflected in the intdreate
differential (spread) on public debt relative t@ tBMU average or a benchmark country. The cost of
exiting the euro is a positive constant, reflectihg difference between the steady-state inflatinder
monetary independence and continued EMU parti@pagiving rise, through the Fisher equation, to a
constant positive interest rate spread. As in @l5tf1996), the cost of staying in the euro is aitpe
quadratic function of the deviation of the log-eanbe rate at which the country has joined the &ora

the PPP-consistent log-exchange rate. This dewiai@ptures the degree of macroeconomic imbalances
and is measured by the value of the real exchaatge hence the latter’s inclusion in our empirical
specification. The model predicts that a deterioratin macro-imbalances and/or shifts in private
expectations, either regarding future EMU partitignaor the availability of fiscal guarantees fraher
member-states, can result in rational EMU exit,olthin the case of shifts in expectations, may thke
form of a self-fulfilling prophesy.
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the real exchange rate differential against Germ@aly), given by the difference
between the log of a country’'s real effective exgearate and the log of the German
real effective exchange rate. As we report in sac8.4 below, this does not affect our
results.

gind; is the annual growth rate of industrial productiifferential versus
Germany). This variable is used as a proxy for éffects of economic growth on
spreads, capturing the argument by Alesina et1l@PZ) according to which sovereign
debt becomes riskier during periods of economievdlawn (see also Bernoth et al.,
2004). Therefore, an increase (reduction) in grgpdiformance is assumed to improve
(deteriorate) credit worthiness reducing (incregsgovernment bond spreads.

Finally, pc2; denotes our proxy for the effects caused by thestrassion of the
sovereign debt crisis within the group of peripheoyntries and from the periphery to
core countries. This proxy is derived using priatipcomponents analysis on
government bond yields spreads (see Longstaff.ef@l1) and is fully explained in
Section 3.3 below. If such transmission effects @esent, an increase (reduction) in
pc2; should increase (reduce) spread values.

After estimating the baseline model given by equma(il) we extend it by adding
variables aiming to capture further insights relgtio the movements of spreads within
the EMU area. First, we consider the role of therslof long-term general government
debt (defined as debt maturing at least after @a)yin total general government debt.
The rational for adding this variablésflebt;) is that all else equal, a country with a
large stock of debt maturing in the near future hihige considered less credit-worthy
compared to a country whose debt repayment is stdkdn the more distant future.
Second, we allow the expected debt to GDP ratierdintial versus Germany to enter
in the second powerdéb;”) to capture possible non-linear effects of expidtscal
performance on government bond spreads, as suddgegtBernoth et al. (2004) and
Bernoth and Erdogan (2010).

Third, we allow for the effect of a multiplicativerm capturing the interaction
between past spread movements and illiquidity dord (see Llorente et al., 2002).
Given that sovereign bond yield spreads and bidsysleads are highly positively
correlated, the product of the two variables typically incresgdeclines) because both
terms increase (decline). Therefore, the multipiMea term €pri.i*bai.1)) can be

" In the panel used for our estimations the corialatoefficient between sovereign bond vyields sgsea
and bid-ask spreads is 0.77.
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interpreted as a stress indicator for bond marlsitse a rise is associated with falling
bond prices and higher illiquidity. Assuming, assithe case in recent months for EMU
countries, an increase in spreads and illiquiditypositive coefficient forspri:.1*bajt.1)
would indicate the existence of market forces pughbond prices below their
equilibrium value, as this is determined by the asmmg spreads’ determinants. This
would be consistent with (though not definitely ying) speculation trading pushing
bond prices below their fair value.

On the other hand, and assuming the same tightemizigcet conditions, a
negative coefficient forspri.1*bai.;) would indicate the existence of market forces
pushing bond prices above their equilibrium valas, this is determined by the
remaining spreads’ determinants. This could be istert® with bond purchases
originating from two possible sources: (a) purcldsg private agents, speculating that
the rest of market participants have underpricem fghr value of bonds, which they
proceed to buy in anticipation of a future increastheir value. This movement would
reduce market pressure on bonds; (b) bond purchpseésstitutional investors, in an
effort to mitigate the effect of private sales gmevent a collapse of the bonds’ market.
Whatever the source of such bond purchases, aivegagn for the multiplicative term
(sprit.1*baj.1) would not be consistent with speculation of therfer (detrimental) kind
that increases spreads beyond the level justifyethidir fundamentals.

Fourth, we account for the role of sovereign creditngs/announcements on
government bond spreads, denotedi®y agerating;; andaverageoutlook;; respectively.
This allows us to assess the effect of credit gafennouncements on government bond
spreads, which is above and beyond the informatiah markets have already priced
through observation of the remaining determinartssmreads. In a fully efficient
(strong-form) market, credit ratings and outlookn@mcements should not affect
bonds’ prices, therefore their coefficients shoetpial zero. If, however, markets are
efficient only in the semi-strong form, credit rags and credit announcements may be
treated by markets as revealing information, whides previously private to credit
rating agencies. In other words, we test whetheersign credit ratings announcements
convey some kind of information that the markeatseas news.

Overall in its most general form our empirical mbdespreads takes the form

of equation (2) below:
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Spric = a+ Bispriva + Bovixe + Bbai + Sybalance + Ssdebtis + Soqi + Srgindy
+ [Sepc2 + Boltsdebty + Biodebt® + Buspriabacs + Liaveragerating

+ [izaverageoutl ook + v + &t . (2)

After estimating equations (1) and (2) which relapgeads to their underlying
fundamentals under the assumption that these ae$dtips have remained stable over
time, we proceed by accounting for the possibiitystructural change during the crisis
period. In particular, we allow for two structurateaks in the relationship between
spreads and their aforementioned potential detemmisn using slope dummy variables.
The first dummy variablef2007.08;) aims to capture the effects of the global finahci
crisis specified to begin in August 2007. This datewidely acknowledged in the
literature to be the starting point of the globe¢dit crunch given that the first large
emergency loan that the ECB provided to Europearkd@n response to increasing
pressures in the interbank market took place o298 (see also Arghyrou and
Kontonikas, 2012; Attinasi et al., 2009).

The second dummy variabl®Z009.03,) intends to capture the point in time
when the global credit crisis started being trametm into the European sovereign debt
crisis. We date this development back to March 2f@®3wo reasons. First, the most
intense period of the credit crisis was over by speng of 2009 with major stock
market indices experiencing their lowest levelsearly March 2009 and since then
recording significant gains. Second, by spring 2€6@9 cost of fiscal activism and the
bank bailout packages that were implemented dutiegcredit crisis period became
apparent. The very substantial revision of proggeblic debt in the spring of 2009, an
increase of 19% on average across euro area meatmensling to ECFIN data, defines
a key point in the European debt crisis, as mankete made officially aware of these
costs. As we explain in section 3.2 below, the atfief these events are strikingly
apparent in expected fiscal balances and publi¢ ttelDP ratios, with both series
registering a sharp step-increase in March 200& fEmders the choice of March 2009

as marking the beginning of a new phase in the Edtereign debt a data-driven one.
3.2. Dataand stylised facts

We employ a panel of ten euro area countries (fysBelgium, Finland,

France, Greece, Ireland, Italy, Netherlands, Pattagd Spain), measured in a monthly
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frequency, over the time period 1999:01-201¢ The data sources and definition of
the variables can be seen in Table Al of the Append

Figure 1 presents the 10-year euro area governbwemt yield spreads. Before
the economic and financial crisis of 2007-8, spseagainst Germany had stabilised at
very low levels despite deteriorating macroeconofuimamentals in many countries.
During the credit crisis all euro area economiegeeenced a large increase in their
spread versus Germany. German government bondsitegeas a ‘flight-to-quality’
asset during the crisis putting an upward pressurall euro area government bond
yield spreads. This ‘flight-to-quality’ feature German bonds is apparent in Figure 2,
which plots the 10-year German yield together witd general indicator of common
international risk, the VIX. Figure 2 shows thatidg the peak of the credit crisis in the
autumn of 2008, following the collapse of LehmarmtBers, the VIX increased sharply
while the 10-year German government bond yield pheted as investors flock to the
perceived safety of German bonds.

[Figures 1, 2]

Figures 3 and 4 depict the transformation of theditrcrisis into a sovereign
debt crisis with euro area governments expectedlfigosition deteriorating sharply in
early 2009 The fiscal deterioration reflects lower tax revesuor the euro area
governments, due to the economic contraction, dstavéhe fiscal stimulus packages
that were implemented to prevent further deterionat~urthermore, governments faced
the additional major fiscal cost of having to supgbe financial sector, via significant
capital injections in the euro area banks’ balastoeets, provision of guarantees, such
as the Irish government bank guarantee scheme92@408), and outright purchases of

assets from banks.
[Figure 3, 4]

Finally, Figures 5 and 6 link present informatiam @edit ratings and their link
to the European sovereign debt crisis. We use alatauro area sovereign debt credit

rating and credit outlook from each of the threemrating agencies, Standard and

® We exclude Luxembourg, where the outstanding gowent debt and the associated market are very
small, as well as the countries that joined th@ asimce 2008 (Cyprus, Malta, Slovakia and Slovenia)

° These forecasts are produced by the European €iomis DG ECFIN twice a year (spring and
autumn).

19 Sgherri and Zoli (2009) argue that the discretigreuro-area fiscal stimulus is estimated to hasenb
around 1.1 and 0.9 percent of GDP in 2009 and 2@Hpectively. They also point out that the immedia
euro-area fiscal cost of the banks’ support meassren average, around 3.5 percent of (2008) GDP.
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Poor’s, Moody’s and Fitch, as well as for the sienpverage rating calculated using
rating scores from all three agencies. Followingsteaxg literature (see e.g. Gande and
Parsley, 2005; Afonso et al. 2012), we transforresgign credit rating scores into the
linear scale presented in Table A2 in the Appentik.worse sovereign credit rating
should be perceived by the markets as implying drighedit risk, therefore having an
upward effect on the yield spread. Indeed, as Egyd and 6 indicate, the significant
deterioration in the expected fiscal position inlyed@009 was soon followed by
downgrades of periphery euro area government debtiquidity withdrawal, marking
the escalation of the euro area debit crisis.

[Figure 5, 6]

3.3.  Measuring transmission effects

An important feature of the recent movements ofegoment bond yield spreads
in the euro area is the dichotomy observed betwees and periphery EMU countries.
Following the spike in all countries’ spreads & tieight of the global credit crunch,
the spreads of the core group have been relatisple albeit at levels higher
compared to those of the pre-crisis period. At shee time, following a temporary
reduction in the immediate aftermath of the LehrBaothers crisis, the spreads of the
periphery group have been on an ascending patk.cbne-periphery divergence raises
the possibility of transmission of the sovereigrbtderisis within the euro area
members. We define transmission as the increagbeirspread of any given EMU
country due to the markets discounting worseneduréutfiscal and/or macro
fundamentals for that country, after having obserae increased probability of default
in another EMU country, reflected in higher spredds that second country.
Transmission can take place both from periphergadie countries, as well as within
periphery countries and is ultimately linked to theriphery-core divergence through
the following channels.

First, increasing core-periphery divergence, demwptincreased probability of
default and/or euro exit in one or more countriegshe periphery group signals an
increased probability of possible future sovereigscues, ultimately to be funded by
non-default countries. Given the superior stattheir fiscal fundamentals, the latter are

more likely to be members of the core group. Thoeefincreasing core-periphery

1 See Afonso et al. (2011) for details on the camsion of the rating scales presented in Tablerithe
Appendix.
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divergence signals an increased probability of egating fiscal risks at the EU-level,

and increased future borrowing requirements froendbre group to cover the potential
support efforts. Through this channel, increasiageeriphery divergence may cause
transmission of the crisis from the periphery grémghe core group.

Second, increased probability of default and/opeaxit in one periphery country,
reflected in the widening of its spread versusdbee group, may operate as a trigger
for fears of subsequent default and/or euro ex@nother periphery country (the so-
called domino effect). Hence, increasing core-gremip divergence caused by increased
spreads in a specific periphery country may causegutionary capital flight in other
periphery countries, leading to a tighter crediviemmnment and deteriorating growth
expectations. These, in turn, can cause detemgyrakpectations about future fiscal
performance increasing credit risk through the de#s linking banking risk with
sovereign risk discussed in the literature reviegctisn. Through this channel,
increasing core-periphery divergence may causesimesion of the crisis from one
periphery country to another.

To test the transmission hypothesis we need a igaiiveg measure of transmission
risk which we pursue through a principal componeaslysis, In a nutshell, the
principal components are uncorrelated linear coatimns of the original variables,
which are then ranked by their variances in desogndrder. Principal components
analysis on government bond spreads allows usptuiaboth the percentage of data
variation due to global co-movement across all aggeas well as the variation of data
explained by the movement of one group of countiganst another (see Longstaff et
al., 2011).

The results from such analysis are presented iteTahbnterestingly, the reported
eigenvalues and the cumulative proportion figureggest that the variance of the
spreads is essentially captured by the first twmggral components. Those two
components explain around 97% of the variationha& tull variable set. This also
implies that we only take into account the compds@rhose associated eigenvalues are
above 0.7, a rule suggested by Jollife (1972).

[Table 1]

The first component can be interpreted as an EMd&wvindicator of sovereign
risk (roughly a general index of spreads) singedbrporates all EMU national spreads
with all countries entering with approximately ebueeights. The second component

differentiates between two groups of countrieshwuhie two groups distinguished by the
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sign of the reported weights. Table 1 suggeststh®afirst group (denoted by a positive
sign) includes Finland, the Netherlands, Austri@née and, marginally, Belgium. The
second group (denoted by a negative sign) incl@tesce, Portugal, Spain, Ireland and
Italy. The absolute size of the reported weightsdscative of the markets’ perception
regarding the definitiveness of a country’s positiwithin its group. The country
composition of the two groups identified by the et principal component coincides
with the core- and periphery-groups widely assutoegkist within the euro area.

The second principal component provides a measiutdvergence between the
core and periphery groups, roughly a kind of sprieativeen the core and periphery
countries (see Longstaff et al. 2011, p.81) As siiclban be interpreted as the risk
involved in investing in core bonds relative to tiek of investing in periphery bonds.
As explained earlier, an increasing divergence betwthe core and periphery groups
indicates an increasing probability of a soveredgfiault and/or euro exit within the
periphery group. From that point of view, the cpesiphery divergence is directly
linked to the concept of crisis’ transmission tigbuhe two channels (periphery-to-core
and periphery-to-periphery transmission) descridsalve.

Figure 7 plots the first two estimated principahgponents for the period 1999-
2010. Focusing on the second principal componeat;an infer that starting from early
2009 the two groups are decoupled, with the riskerfphery countries relative to the
core ones increasing rapidly. Furthermore, it sthdad noted that the first principal
component has also been rising since early 201Qcatidg the possibility of
transmission from the developing periphery crisiaerall, the movements of the
second principal component in Figure 7 provide rcleadence for core-periphery
relative risk divergence since early 2009, whicltagsociation with the recent increase
in the first principal component, and on the badgisur arguments above, renders the
former variable an appropriate proxy for transnoisseffects. In our empirical models
variable pc2;, which is defined as minus the second principahponent, is used to
capture the transmission effectdf the latter are present thea2; is expected to enter
the empirical models of spread determination wigiigaificantly positive sign.

[Figure 7]

2 |ncreases ipc2; indicate higher periphery risk. The negative sifithe second pricipal component in
the definition ofpc2; is an adjustment for the fact that periphery coaestioad negatively in the former.
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3.4. Panel estimation results

We start our econometric investigation by estingatenchmark models for
equation (1) and its extensions for the full sang#eod without allowing for possible
structural breaks. The results from our 2SLS edtona are reported in Table 2. In all
reported specifications spreads appear to be higidysistent. We also obtain
statistically significant coefficients with the tretically expected signs for the
international risk factor and growth conditionsguudity conditions are significant with
the appropriate sign in three out of four specifi@mas. The multiplicative term
involving past spreads and illiquidity is signifitain the two specifications it has been
used with a positive sign, suggesting the presaicmarket forces that increased
spreads beyond their equilibrium value. On the ott@nd, the role of expected fiscal
fundamentals appears limited. Specifically, publébt and the ratio of long-term debt
to total debt are not significant; squared debsiggificant but with the wrong sign;
while the fiscal balance is significant with thght negative sign only in two out of four
specifications. Finally, real exchange rates anel phincipal component capturing
transmission effects are not significant. Oversdime of the findings reported in Table
2 are consistent with our a priori expectationslevbthers are not.

[Table 2]

We now seek to improve upon the benchmark spetitgits reported in Table 2
by examining the extent to which the determinatbspreads has changed between the
pre- and post-crisis periods, as well as durinteokht stages of the crisis. To that end,
we repeat our estimations accounting for slope diamrdifferentiating between three
periods, namely the period preceding the globarfanal crisis (1999.01 — 2007.07), the
early crisis period (2007.08 — 2009.02) and theetatrisis period (2009.03 — 2010.12).
Table 3 reports the 2SLS estimation results. Colyirpresents the results from the
baseline model described by equation (1) includimegtime slope-dummies. Compared
to the models presented in Table 2, spreads’ pensis is lower yet still high, as
indicated by the estimate of the autoregressiveampater while international risk,
liquidity conditions, fiscal fundamentals and tramssion effects are all priced during
the credit-debt crisis period. The point in timeend these links become active is not
the same for all the variables, indicating différeessponses to the different phases of
the crisis. For instance, the international risktda coefficient becomes positive and
statistically significant since August 2007, inding that higher international financial

volatility has been associated with higher spresidse the onset of the global credit
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crisis. On the other hand, the coefficient assediatith bond market liquidity
conditions becomes statistically significant ontyce March 2009.
[Table 3]

Regarding the expected fiscal position, it appéaas markets price the expected
budget balance position throughout the entire sarpetiod, with the (positive) reaction
of spreads to budget deficits however becoming msichnger (relevant overall
coefficient more than doubles) since March 2009 .ti@nother hand, the expected debt
ratio starts being positively reflected in spreamdy since March 2009. Overall,
expected fiscal deterioration is more heavily pesedl by the markets during the latter
part of the sample period, which captures the atiogl sovereign debt crisis.

The March 2009 slope dummy associated vpth; is positive and significant
indicating that during the debt crisis transmissaffects have led to higher spreads.
During to the credit crisis the coefficient pé2; is negative and significant at the 10%
level, however the sum of the two slope-dummy coieifits is positive, indicating that
transmission effects have overcompensated the iwiiggprof the early-crisis period.
Finally, real exchange rates and economic growth Aot significant in this
specification.

Column (2) adds to our specification the shareoafjiterm to total government
debt. This becomes statistically significant durithgg crisis period. The two slope
dummy variable coefficients exhibit opposite sigr their sum is negative indicating
that overall, a higher long-term share of debt ssoaiated with lower spreatf$lt
appears then that the ability to successfully i place increasing amounts of long-
term debt in the market is associated with lowerdwing costs, with the ratio of long-
term to total debt thereby operating as a crediytitidicator.

While the effect of the long-term share of debtspreads is significantly negative
since March 2009, as well as overall, the coefficief the slope dummy variable
associated with the August 2007 break is positiMais indicates that between the
summer of 2007 and the spring of 2009, the decreadee share of long-term debt to
total debt was not penalised by the markets irfaha of higher spread$.This finding
can be interpreted within the ‘flight to safetyadling that took place during the credit
crisis and saw a massive rebalance of portfolioglabal level, away from falling

3 The Wald test F-statistic indicates that the hypothesis of zero sum of the two slope dummy bégia
coefficients can be rejected at the 10% level grificance.

% Figure A1 in the Appendix shows that in most earea countries the long-term share of debt declined
since August 2007.
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equities and towards government debt securitiegs tonsistent with the theoretical
prediction by Favero et al. (2010) according toakhin crisis periods investors choose
from a reduced set of alternative investment oppaties, limiting their willingness to
move away from government debt securities. In ttoegss of fleeing the stock market
and given an environment of high uncertainty whidid not favour long-term
commitment of funds, investors increased their deindor liquid short term
instruments, such as Treasury bills. At the samme tisovereign bond issuers had an
incentive to increase short term debt issuancederao avoid locking themselves into
(the prevailing at the time) high long-term borragicosts. Finally, compared to
column (1), the findings relating to the rest oé thariables in column (2) remain
unchanged, with the exception of evidence (at % level) of real exchange rate
mispricing.

Column (3) adds into the empirical specificatioa groduct of the past bond yield
spread and the past bid-ask spread. We find tsaististatistically significant only since
March 2009 with a negative sign, indicating thatemafthe effect of all other
determinants of spreads has been accounted feadgpare lower as compared to what
the increasingly stressed bond market conditionsildvomply. This finding is in
contrast to the findings in Table 2 and suggestsetkistence of demand that helped
bond prices from falling further. Compared to cotu() the rest of the findings remain
unchanged, with two important exceptions. Firsa) exchange rates now appear to be
statistically significant with the expected positisign since March 2009. Second,
growth conditions are significant at the 10% lewéh the expected negative sign since
August 2007.

Finally, column (4) presents the results from aspaonious specification
obtained by moving from the general specificatioaspnted in column (3) towards a
more specific model including statistically sigondnt variables only. This specification
confirms that markets started pricing the intewradl risk factor after the onset of the
global credit crunch in summer 2007 and liquidigkronly during the latter part of the
European debt crisis. We also find that marketseweispricing transmission risk and
real exchange rate appreciation during the prescpsriod, but have switched their
pricing behaviour since March 2009, with both vhlés taking their theoretically
expected positive and negative sign respectivelscal fundamentals also appear to
increase in significance during the crisis peridde find that markets have been

penalising higher expected deficits throughoutsample period but started pricing the
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stock of public debt only since March 2009. Funthere, since March 2009 a decrease
in the long-term component of total public debtassociated with higher spreads.
Growth conditions are also priced since summer 20Bihally, none of the
multiplicative terms involving past spreads andjilldity is statistically significant.

All in all, the findings in Table 3 suggest thans the onset of the global
financial crisis in summer 2007 markets have griginaoved to a pricing model that is
much more compatible with theoretical expectatioksirthermore, the menu of
macro/fiscal fundamentals priced by the marketslessn becoming richer as the crisis
evolves. Therefore, compared to the models repantdcble 2, which did not account
for structural change, the models reported in Tableffer superior information
regarding the determinants of sovereign bond sgragmathe euro area, especially for the
crisis period. This is also reflected in their sumemodel fit, as suggested by the
notable reduction (by approximately 20%) in thendtad error of the regressions

compared to their (no-breaks) counterpart modgsrted in Table 2.

3.5. Sovereign ratings and spreads

One of the aspects of the European sovereign det@i@pments that have been
extensively debated is the role of credit ratingsletermining intra-EMU government
bond vyield spreads. In efficient markets, and asglas credit ratings/outlook
announcements are determined on the basis of pulali@ilable information, they
should not be a statistically significant determinaf spreads. Nevertheless, a number
of European policy makers have suggested that smyveidowngrades by the credit
rating agencies have been a significant factohéedrisis’ initiation and escalatidn.
Moreover, previous empirical evidence indicatest thavereign credit ratings and
outlook announcements have had a statisticallyifsignt impact on spreads (see e.g.
Afonso et al., 2012). Hence, to account for thes rot credit rating agencies in the
determination of spreads, in this section we refil@afpanel estimations of section 3.4
adding to the set of explanatory variables the ayercredit rating and outlook scores.

We measure credit ratings and outlook announcenhgmtise simple average rating and

> For example, in July 2011 the President of theopean Commission suggested that Portugal’s
downgrade was fuelling speculation in financial keds, while the German Finance Minister called for
limits to be put on credit rating agencies (Reyt2ed 1). See also Featherstone (2011) for a digruse$

the role of the credit rating agencies in the ahifphase of the Greek debt crisis, and the European
Commission (2010) for proposals regarding an owudrlzd the regulatory framework governing the
operation of credit rating agencies.
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outlook score provided by each of the three maimgaagencies, namely Standard and
Poor’s, Moody’s and Fitch.

The results are reported in Tablé®4Column (1) presents a general model,
including all the variables used to explain spreedsection 3.4 plus average credit
ratings and outlooks respectively. Average ratiagsstatistically significant during the
pre-crisis period, with their significance increasifurther during since March 20009.
Credit outlook announcements, on the other hamdnat significant. International risk,
transmission risk, fiscal fundamentals as welligsidity conditions remain statistically
significant, particularly during the crisis periddThis pattern is more obvious in
column (2), which reports the estimates of a pawsisus model obtained from
applying a general-to-specific estimation appro&ehhe general model reported in
column (1). Note that compared to the latter, #teo$ significant variables includes the
real exchange rate, confirming our previous findifdghe latter’s mispricing during the
pre-crisis period and its theory-consistent priaitoging the crisis.

[Table 4]

Overall, our findings in Table 4 suggest that thke rof credit rating agencies in
spreads determination within the euro area is eglevNevertheless, the inclusion of
ratings and outlook announcements into our modeés ahot result in any significant
improvement of the models’ fit and explanatory powsuggesting that even after
controlling for the effect of ratings/outlook anmmements, the main drivers of intra-
EMU spreads continue to be macroeconomic and ffscalamentals, transmission risk,
international risk and liquidity conditions. Hencgépwngrades by the credit rating
agencies have played a real yet mitigated rolejmagning spread developments.

4. Conclusions

In this paper we studied the determinants of l@rgitgovernment bond yields in
the euro area. We employ a panel of ten euro areatites (Austria, Belgium, Finland,
France, Greece, Ireland, Italy, Netherlands, Paittagd Spain) using monthly data over
the period 1999:01-2010:12. We investigate the ofl@n extended set of potential

spreads’ determinants, namely macroeconomic ancectegh fiscal fundamentals,

® The results from models that use individual drediings and outlook scores are available upon
request. The qualitative inference obtained usmlividual agency scores is identical to the onaioled
using average scores, with the latter, howeveultieg in higher adjusted Reoefficients.

" Note that in the parsimonious specification, pctd debt is statistically significant in the sedon
power.
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international risk, liquidity conditions, sovereigredit ratings, and the risk of the crisis’
transmission among the EMU members. After estigatienchmark models not
accounting for structural change, we repeated aatyais allowing for differences in
spreads determination between three distinct per@ds: first, the period preceding
the global credit crunch (1999.01 — 2007.07); sd¢dhe period during which the
global credit crunch had not yet mutated into aeseign debt crisis (2007.08 —
2009.02); and third, the period during which thebgll financial crisis mutated into a
sovereign debt crisis (2009.03 — 2010.12).

Our empirical findings indicate that the determitsaiof government bond
spreads in the euro area have changed significantty time. This marked shift in
market pricing behaviour is evident not only sitize onset of the global financial crisis
in summer 2007, but also within different stageshef crisis, namely before and after
spring 2009. More specifically, we find that duritige pre-crisis period macro- and
fiscal-fundamentals are generally not significamteixplaining spreads. By contrast,
since summer 2007 the movements of macro and fiscalamentals explain spread
movements well and in a way consistent with thecsbexpectations. Furthermore, the
menu of fundamentals which appear statisticallynificant in explaining spreads is
enriched since spring 2009, suggesting that maketsnow pricing risks which they
did not consider previously, even well within thésis period. These include the risk of
crisis transmission among the countries of the gemo periphery, as well as from the
periphery countries to the countries of the Eurapaare. We also find that in contrast
to the pre-crisis period, the size, liquidity andtaority of debt issuances are now being
priced by markets. Finally, we find that sovereigredit ratings are statistically
significant in explaining spreads, yet relativentacro- and fiscal fundamentals, their

role has been rather limited.
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Tablesand Figures

Table 1: Principal component analysis of governnibemtd yield spreads

. Cumulative Eigenvectors  First principal ~ Second principal
Number Eigenvalues : .

proportion (Loadings) component component
1 8.193 0.819 Austria 0.315 0.330
2 1.477 0.967 Belgium 0.343 0.070
3 0.121 0.979 Finland 0.278 0.458
4 0.058 0.985 France 0.336 0.160
5 0.049 0.990 Greece 0.290 -0.424
6 0.034 0.993 Ireland 0.323 -0.265
7 0.022 0.995 Italy 0.340 -0.058
8 0.019 0.997 Netherlands 0.295 0.422
9 0.016 0.999 Portugal 0.307 -0.380
10 0.011 1.000 Spain 0.327 -0.273

Note: Principal component analysis is carried aagirahe time period 1999.01-2011.01 (T=143).

Table 2: Modelling bond yield spreads, 2SLS

1) (2) 3) (4)
it 0.990 *** 0.989 *** 0.944 *** 0.933 ***
viX 0.026 *** 0.027 *** 0.042 *** 0.046 ***
pc2 0.000 0.000 0.000
bay 0.001 *** 0.001 *** 0.000 0.001 *
ot 0.022 0.049 0.046
balance; -0.001 -0.001 -0.005 **  -0.005 ***
debt;; 0.000 0.000 0.000
gind; -0.005 ***  .0.004 ***  -0.004 ***  -0.004 ***
|tsdebt;, 0.070 0.030
$rie1* bayes 0.001 *** 0.001 ***
debt; -1.04E-05 *
N*T 1420 1420 1420 1420
Adj-R 0.96 0.96 0.96 0.96
Sandard error of regression 0.125 0.124 0.131 0.131

Note: The regression models are estimated ovetirte period 1999.02-2010.1T%142). The panel

members include Austria, Belgium, Finland, FranGeeece, Ireland, Italy, Netherlands, Portugal and

Spain =10). Two Stage Least Squares (2SLS) fixed effgeeel estimates, which account for

endogeneity, are reported. The instruments usdkeir2SLS estimations are the second and third flag o

the dependent variable and the first three laggduaes of the independent variables. Colum 1 repbes

estimates from the baseline model, while Columerts the estimates from the fully specified model
Column 4 reports the estimates of the parsimonimogel that results from applying the general-to-

specific approach to the fully specified model. Esterisks ***, ** * indicate significance at thk, 5,

10% level respectively.
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Table 3: Modelling bond yield spreads, accountmgstructural change

1) (2) 3 4)
SPrit1 0.890 *** 0.890 *** 0.871 *** 0.880 ***
ViX 0.007 0.006 0.004
vix* D2007.08, 0.078 ** 0.090 ** 0.094 ** 0.150 ***
vix* D2009.03; 0.078 0.063 0.061
pc2; 0.001 0.002 -0.003
pc2; *D2007.08, -0.030 * -0.037 ** -0.032 **  -0.029 ***
pc2; *D2009.03, 0.047 *** 0.054 *** 0.055 *** 0.064 ***
bay; 0.000 0.000 0.000
ba,* D2007.08 0.001 0.000 0.000
ba;; *D2009.03, 0.003 *** 0.004 *** 0.004 *** 0.005 ***
it -0.154 -0.176 * -0.160 -0.220 ***
gic* D2007.08, 0.239 0.326 0.045
gt *D2009.03, 1.044 1.059 1.541*  3.403 ***
balance; -0.008 ***  -0.007 ***  -0.006 *** -0.005 **
balance; * D2007.08, 0.003 0.003 0.004
balance; * D2009.03, -0.011 ** -0.009 ** -0.010 **
debt;; 0.000 0.000 0.000
debt;, *D2007.08, 0.000 0.000 0.000
debt;; *D2009.03, 0.002 *** 0.002 *** 0.002 *** 0.002 ***
gind; 0.000 0.000 0.000
gind,; * D2007.08, -0.003 -0.004 -0.004 *  -0.003 ***
gind;; * D2009.03, 0.000 0.000 0.001
Itsdebt;, -0.032 -0.042
Itsdebt;; * D2007.08, 0.349 *** 0.355 *** 0.346 **
Itsdebt;; * D2009.03, -0.504 ***  -0.510 ***  -0.577 ***
SPrie1* baeq -0.001
spriv.* bay.1* D2007.08, 0.003
spriv.1.* bay.1*D2009.03, -0.002 *
N*T 1420 1420 1420 1420
Adj-R? 0.97 0.97 0.97 0.97
Sandard error of regression 0.107 0.107 0.108 0.106

Note: The regression models are estimated ovetirtte period 1999.02-2010.1T%142). The panel
members include Austria, Belgium, Finland, FranGeeece, Ireland, Italy, Netherlands, Portugal and
Spain =10). Two Stage Least Squares (2SLS) fixed effgeeel estimates, which account for
endogeneity, are reported. The instruments usdkeir2SLS estimations are the second and third flag o
the dependent variable and the first three laggaldes of the independent variables. The dummy
variablesD2007.08 and D2009.03 which are equal to one from August 2007 and M&@89 onwards,
respectively, and zero otherwise were also incluaethtercept dummies. Colum 1 reports the estgnate
from the baseline model, while Column 3 reportsabkmates from the fully specified model. Column 4
reports the estimates of the parsimonious modd tesults from applying the general-to-specific
approach to the fully specified model. The asterigk, **, * indicate significance at the 1, 5, 10%vel
respectively.
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Table 4: Modelling bond yield spreads controlling &verage credit ratings and average

credit outlook scores

1) (2)
Prit1 0.799 **=* 0.745 **=*
ViX 0.016
Vix* D2007.08; 0.116 **=* 0.289 **=*
Vix* D2009.03 0.043
pc2 -0.009
pc2; * D2007.08; -0.021
pc2; * D2009.03; 0.044 **=* 0.046 **=*
ba -0.001 -0.003 ***
ba,* D2007.08, 0.000
ba;;, *D2009.03 0.004 **=* 0.005 **=*
it -0.146 -0.417 ***
gi* D2007.08, 0.801 2.001 ***
¢ * D2009.03, -0.586
balance; -0.008 *** -0.012 ***
balance; *D2007.08; -0.001
balance; *D2009.03 -0.021 *** -0.018 ***
debt; -0.001
debt;; * D2007.08, 0.000
debt;; * D2009.03, 0.000
gind; -0.001
gind;; *D2007.08, -0.002
gind;; *D2009.03, 0.002
Itsdebt;; 0.065
[tsdebt;; * D2007.08, 0.260 ** 0.882 ***
[tsdebt;; * D2009.03, -0.379 *** -1.561 ***
prie.1* bai g 0.005 0.006 ***
sprie.1* bai1* D2007.08, -0.001
prie.1* bai1* D2009.03, -0.003 * -0.006 ***
debt; 0.000 1.11E-05 *
average rating; -0.032 ** -0.024 **
average rating;; * D2007.08; -0.018
average rating;; * D2009.03 -0.046 *** -0.100 ***
average outlook; -0.014
average outlook;; * D2007.08, 0.024
average outlook;; * D2009.03, 0.051
N*T 1420 1420
Adj-R? 0.97 0.97
Standard error of regression 0.105 0.111

Note: The regression models are estimated ovetitte period 1999.02-2010.1T7%142). The panel
members include Austria, Belgium, Finland, FranGeeece, Ireland, Italy, Netherlands, Portugal and
Spain (N=10). Two Stage Least Squares (2SLS) fixed effeetrel estimates, which account for
endogeneity, are reported. The instruments us¢leir2SLS estimations are the second and thirdflag o
the dependent variable and the first three laggaldes of the independent variables. The dummy
variablesD2007.08 and D2009.03 which are equal to one from August 2007 and M&@69 onwards,
respectively, and zero otherwise were also inclueohtercept dummies. Column 1 reports the estisnat
from the fully-specified model augmented by avereging and average outlook, while Column 2 reports
the estimates of the parsimonious model that résarit applying the general-to-specific approacihe
most extended model. The asterisks ***, ** * indte significance at the 1, 5, 10% level respedtivel
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Figure 1: 10-year government bond yield spreads

Austria

1.2

0.8

0.4

0.0

.

T T T T T T T
2000 2002 2004 2006 2008 2010

Finland

0.8

0.6

0.4

0.2

0.0

-0.2

C
g

T T T T T _ T T _ T T T
2000 2002 2004 2006 2008 2010

Greece

il

T T T T T T T
2000 2002 2004 2006 2008 2010

Italy

2.0

1.5+

1.0

0.5

0.0

L
il

T T T T T _ T T T T T
2000 2002 2004 2006 2008 2010

Portugal

il

T T T T T _ T T _ T T T
2000 2002 2004 2006 2008 2010

32

Belgium

1.2

0.8

0.4

0.0

d

T T T T T T
2000 2002 2004 2006

France

0.8

0.6

0.4

0.2

0.0

T T T T T T
2000 2002 2004 2006

Ireland

!

T T T T
2000 2002 2004 2006

Netherlands

0.6

0.4

0.2

0.0

T T T T T T T T
2000 2002 2004 2006 2008 2010

Spain

2.5

2.0

1.5+

1.0

0.5

0.0

il

T T T T T T T 1T
2000 2002 2004 2006 2008 2010




Figure 2: German 10-year government bond yield\aixd
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Figure 3: Expected budget balance as percentaG®Bf
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Figure 4: Expected debt as percentage of GDP
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Figure 5: Average credit rating
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Figure 6: Average bid-ask spread in periphery amtperiphery countries
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Figure 7: Principal components of 10-year governrbend yield spreads
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Appendix

Table Al: Data definition and sources

Variable Sample Description Source
spr 1999.01-2011.01 10 year government bond yield€msfitial vs. Germany) ECB/Reuters
ViX 1999.01-2011.01 (Log of) S&P 500 implied stock nesnkolatility index (VIX) Bloomberg
pc2 1999.01-2011.01 (Minus) Second principal compowéspread Own calculations
ba 1999.01-2011.01 10 year government bond bid-astasbr ECB

q 1999.01-2010.12 (Log of) CPI based real effectixehange rate IMF

balance  1999.01-2011.01 Expected budget balance/GDP (difteal vs. Germany)
debt 1999.01-2011.01 Expected debt/GDP (differentialdstmany)
gind 1999.01-2010.11 Industrial production annual groggifferential vs. Germany)

[tsdebt 1999.01-2011.01 Long-term/Total general governmieit

D2007.08 1999.01-2011.01 Dummy variable: 1 from 2007.08 anwazero otherwise

D2009.03 1999.01-2011.01 Dummy variable: 1 from 2009.03 anlwazero otherwise
rating 1999.01-2010.12 Credit rating (Fitch, Moody’s, S&®erage of three agencies)
outlook  1999.01-2010.12 Credit outlook (Fitch, Moody’s, S&P, Average of ¢leragencies)

European Comission
European Comission
IMF

ECB
Own calculations
Own calculations
1/
1/

1/ Afonso, A., Furceri, D. and Gomes, P. (2012).

Table A2: S&P, Moody's and Fitch rating systems

Characterization of debt and Rating Linear
issuer (source: Moody’s) transformation
S&P Moody’s Fitch
Highest quality AAA Aaa AAA 17
AA+ Aal AA+ 16
High quality g AA Aa2 AA 15
> AA- Aa3 AA- 14
= A+ Al A+ 13
Strong payment capacity % A A2 A 12
g A- A3 A- 11
= BBB+ Baal BBB+ 10
Adequate payment capacity BBB Baa2 BBB 9
BBB- Baa3 BBB- 8
Likely to fulfil obligations BB Bal BB+ !
ozgoing uncergt]ainty , BB Ba2 BB 6
BB- Ba3 BB- 5
o B+ B1 B+ 4
High credit risk 3 B B2 B 3
;5; B- B3 B- 2
= CCC+ Caal CCC+
Very high credit risk ‘—§ CCC Caa2 CCC
8  ccc Caa3 cce-
Near default with possibility ¢’ cc Ca cc 1
of recovery C
SD C DDD
Default D DD
D
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Figure Al: Share of long-term debt in total geng@lernment debt
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