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Abstract
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1. Introduction

In the last years many studies have analyzed th@aeship between CDS and bond
spreads for corporate as well as for emerging siyereference entities. However, the
relation between sovereign CDS and bonds marketdeueloped countries has not
attracted much interest until very recently, maifollytwo reasons. First, sovereign CDS
and bonds spreads in developed countries havetipgieally very low and stable given

the perceived high credit quality of most issueee(Table 1). Second, trading activity

in this segment of the CDS market was scarce.

However, the global financial crisis that follow#te collapse of Lehman Brothers in
September 2008 triggered an unprecedented det@évioran public finances of the
world's major advanced economies in a peacetimegesince 2010, some countries in
the euro area, including Greece, Ireland and Paltand to a lesser extent Spain and
Italy, have faced some episodes of heightened lembas in their sovereign debt
markets. Against this context, the levels of peregicredit risk and the volume of
trading activity in the sovereign CDS markets innpadvanced economies have
increased considerably.

The previous literature have paid much attentiomvestigate the relationship between
the corporate bond market and the corporate CDRatsgrbut as far as we know, only
a few papers have studied whether the empiricallaeitjes identified in the corporate
markets, including those related to price discoveme also found in the case of
sovereign reference entities. The aim of this papeto fill this gap by providing
empirical evidence focusing on sovereign bonds @b& markets of several countries
in the context of the recent episodes of soverdggnt- crises witnessed recently in the
European Monetary Union (EMU).

Specifically, this paper analyses the theoreticglivealence relation between the
sovereign bond yield and CDS spreads. More spatifiove focus on the bond spreads
over the risk free rate and the CDS spréast a given reference entity, both spreads

can be thought as prices for the same underlyiaditcrisk. Abstracting from market

! The results are obtained following the standardketgpractice in terms of the risk-free rate deiim,
namely, the German bond yield
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frictions and other contractual clauses both smesitbuld use basically the same
information on the credit risk of a given refereremtity and therefore should yield
identical results. Moreover, they should reveal ¢chedit risk information in a similar
way. The current European sovereign debt crisiepasnew scenario that allows us to
test for the previous hypothesis. In particular, amalyze the bond-CDS equivalence

relation from three different perspectives.

First, we test the “no-arbitrage” theoretical fiacless relation that should exist
between the bond and the CDS spreads becauserthey@posed to be the prices for
the same credit risk. We nevertheless find persisieviations from the theoretical
parity relation between both spreads. Interestingly find that the deviations begin

with the outset of the subprime crisis with no evide of such deviations before then.

Second, based on the previous finding about theakidewn of the theoretical
frictionless relation between the CDS and bond aseduring the crisis period, we
study the possible causes of the deviations betwesn. Specifically, we analyse the
determinants of the basis, defined as the differdmetween the CDS spread and the
corresponding bond spread. As the determinantseobasis we consider different types
of risk and market frictions. In particular, we dirthat the counterparty risk indicator
has a negative and significant effect on the baspgcially during the most recent
period. Both funding costs and a low liquidity imetbond market relative to the CDS
market also have a negative effect on the basigefiods in which shocks originated in
the bond market are transmitted into the CDS markkich we label aspillovers we
find an overreaction-effect in this last marketndtly, we show that the speed of
reversion of the basis is asymmetric, with positbases typically requiring a longer

time to diminish.

Third, based also on the previous evidence of spensistent divergences between the
two prices, we address the point of what markeddehe price discovery process. To
this aim, we follow a dynamic price discovery agmio, based on Gonzalo and Granger
(1995). In particular, we find evidence suggestingt the price discovery process is
state-dependent. Specifically, the levels of coynatey and global risk, funding costs,
market liquidity and the volume of debt purchasgshe European Central Bank in the



secondary market are all found to be significactdies in determining which market
leads price discovery.

The remainder of the paper is organized as folloBection 2 discusses the related
literature. Section 3 describes the data. Sectisurmarizes the methodology and the
results based on the analysis of persistent demmtbetween CDS and bond spreads.
Section 5 describes the results obtained from tiadysis of the determinants of the
basis. Section 6 presents the results of the dynamce discovery test. Section 7

contains some final remarks.

2. Related literature

There is a growing literature analyzing the linkvibeen corporate and sovereign CDS
and bond market from different perspectives. Is gaction we focus on papers related
to the three approaches we employ in our papesigtent deviations between bond and
CDS spreads, determinants of the difference betws&m spreads, and the price

discovery process in the bond and CDS markets.

The analysis of persistent deviations between CBd& lmond markets has only been
applied to the corporates in Mayordomo, Pefa anchdk(®@011a). They analyse the
existence of persistent deviations between CDS amseét swap spreads of European
corporations using pre-crisis and crisis periodbeill results show that there are

persistent deviations both in the pre-crisis amddiisis periods.

There is an extensive literature addressing theraétants of corporate bond and CDS
spreads. Although this type of analyses is less frequenttfie case of sovereign bond
and CDS spreads, this topic has been attracting attention since the formation of the
EMU being the studies of the bonds' yield spreadsmore frequentOur aim is not to
study the determinants of the CDS or bond spreatthle determinants of the basis to
test whether both market reflect different informat Although the analysis of the

determinants of the basis is less frequent thanatieysis of the individual credit

2 Elton, Gruber, and Agrawal (2001), Collin-Dufres@oldstein and Martin (2001), Chen, Lesmond and
Wei (2007), among others study the determinanteetorporate bond spread. The studies analyzing th
determinants of the corporate CDS spreads incluniegétaff, Mithal and Neis (2005), and Ericsson,
Jacobs and Oviedo-Helfenberger (2009), among others

% See Codogno, Favero and Misale (2003), Geyer,{eiss and Pichler (2004), Bernoth, von Hagen and
Schuknecht (2006), Favero, Pagano and Von Thad2{g®of, Beber, Brandt and Kavajecz (2009), or
Mayordomo, Pefa, and Schwartz (2011) among others.
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spreads, some examples appear in the sovereigit eradkets’ For instance, Fontana
and Scheicher (2010) employ weekly data to anathisedeterminants of the basis
which is obtained using as the bond spread therdifice between the bond yield and
the interest rate swap (IRS) for the same mat@ritiiey find that the sovereign bases
are significantly linked to the cost of short-sgdlibonds and to country specific and
global risk factors. In his analysis of the CDS-tqarity, Levy (2009) finds that this
parity does not hold for emerging markets sovereigbt but manages to restore much
of the theoretical predictions of a zero basis aprence he accounts for liquidity
effects. Kucguk (2010) relates the CDS-bond basis2fb emerging market countries
between 2004 and 2008 to bond liquidity, specutatito CDS market, CDS liquidity,
equity market performance, and world macroeconofaators. Foley-Fisher (2010)
studies the relation between bond and CDS spreadsri EMU countries on the basis
of a theoretical model. He shows that the basisoissistent with a relatively small
dispersion in the beliefs of investors on the pholis that certain European countries

would default.

Finally, the most frequent analysis of the CDS-bogldtion in corporate and sovereign
credit markets is based on the concept of priceosiery. Most of the recent papers
study price discovery on the basis of either Hastks (1995) or Gonzalo and
Granger's (1995) methodologies. Both methodologiessupported by an empirical test
based on a VAR with an Error Correction Term modelr the period before the
subprime crisis the repeated empirical finding hattthe CDS market reflects the
information more accurately and quickly than thexdanarket in the corporate sector
(see Norden and Weber (2004), Blanco, Brennan,Mah (2005), Zhu (2006), or
Forte and Pefia (2009) among others). Most of tredyses of price discovery in
sovereign markets have been applied to emergingetsarFor instance, Ammer and
Cai (2007) find that bond spreads lead CDS premiommose often than had been found
for investment-grade corporate credits. Chan-Laukam (2004) find that it is difficult
to conclude that one particular market dominates gdtice discovery process. Using
bond and CDS data from eight emerging market camfor the period January 2003 -
September 2006, Bowe, Klimaviciene, and Taylor @dihd that the CDS market does

* Analyses of the basis in the corporate credit etirkiclude: Trapp (2009), Nashikkar, Subrahmanyam,
and Mahanti (2008), and Bai and Collin-Dufresned@0among others.

® The IRS is not a fair proxy for the risk-free ratecause it includes systemic risk coming from the
financial institutions.



not dominate price discovery, which appears todastry-dependent. The recent crisis
has increased the interest on the price discovagegs in the European sovereign debt
markets. Thus, Fontana and Scheicher (2010) fintidimce the start of the crisis, the
bond market has a predominant role in price disgove Germany, France, the
Netherlands, Austria, and Belgium while the CDS katiis playing a major role in
Italy, Ireland, Spain, Greece and Portugal. Dela@ex, and Lopez-Villavicencio
(2010) find that the bond market leads the pricealrery process in the core European
countries in low tension periods while in tensiaripds, the CDS market becomes the
leader. In the high-yield European countries, tieSCGspread reflect credit risk more
adequately than the bond spreads in tension andeosion periods but the leadership
of the CDS spread is exacerbated by financial tiurnAdl these analyses have been
carried out on a static basis that is, they obaameasure for the whole period analysed.
However, as Longstaff (2010) states, the naturehef price-discovery process in
financial markets could be state dependent. Thesis@nd Mylonidis (2010) study by
the first time the dynamic interrelation betweemdb@nd CDS spreads on the basis of a
Granger causality test. They find feedback cauysdliting periods of financial distress.
As we will show later, Gonzalo and Granger (1935t is more useful to determine

who the leader is and who the follower is.

3. Data

The data consists of daily 5-year sovereign bomddgi and CDS spreads for eleven
EMU countries (Austria, Belgium, Finland, Francesr@an, Greece, Ireland, Italy, The
Netherlands, Portugal, and Spain) from January 2008eptember 2010. Bond yields
are obtained from Reuters and CDS spreads fromitCkéakket Analysis (CMA),
which reports data (bid, ask and mid) sourced fBihbuy-side firms, including major
global investment banks, hedge funds, and asseigeast

Table 1 reports the main properties of the datdamd and CDS spreads employed in
our analysis. As becomes evident from this tablerage CDS rates vary substantially
across countries and periods. For the period 2008,2he lowest average CDS spread

was 5 basis points (bp) for Germany and the higbestwas 23 bp points for Greece.

® Mayordomo, Pefia and Schwartz (2011) compare thaitgwof the data on CDS from different
providers and find that CMA produces, on average nost reliable data.
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For the same period, the lowest average bond spseddp for both France and The
Netherland<, and the highest average is 25 bp for Greece. We that CDS spreads
are on average higher than bond spreads in mdkeafountries, i.e. the basis, defined
as the difference between the CDS and bond sprisagssitive. For the second period
(Panel B), the lowest average CDS spread duringydexr was 36 bp for Germany and
the highest average was 190 bp for Ireland. Thestwaverage bond spread was 23 bp
for France and the highest was 166 bp for Greecthi$ more recent period, the CDS
spreads are, again, on average, higher than the $meads in most of the countries.
Finally, during 2010 Greece showed the maximum ayercredit spreads (593 bp,
being the maximum daily CDS spread at 1,126 bp)thadowest average at 31 bp for
Finland. The maximum average CDS spread as wélleamaximum daily CDS spread
corresponds to Greece (664 and 1,293 basis poedpectively). As in the other two
periods, the CDS spread is on average higher tharbond spread. These data also
show that, in general, the average credit spreadstlgir volatility in the peripheral

countries both increased over time.

< Insert Table 1 here>

As for the rest of the data used in the subsegesmations, the country-stock indexes
and global risk, which is proxied by means of theplied volatility index (VIX), are
obtained from Reuters. To capture funding costsuseethe difference between the 90-
day US AA-rated commercial paper interest ratedfif@ncial companies and the 90-
day US T-bill, both from Datastream. We employ idjty measures for the sovereign
CDS and bonds which are obtained from the bondGIb8 bid-ask spreads. Bond bid-
ask prices are obtained from Reuters while CDSakklspreads come from CMA. To
proxy the counterparty risk on the side of CDS eesalwe employ the CDS spreads of
the 14 banks most active as dealers in the CDSenharkese CDS spreads are obtained
from CMA. The information regarding the Europeanntal Bank (ECB) bond
purchases which took place after May 2010 was nbthirom the ECB webpage.

" Recall that the bond spreads are obtained usiegGrman bond yield as the risk free rate. This
standard has been used by Balli (2008), Bernotm Magen, and Schuknecht (2006), Delis and
Mylonidis (2010), Favero, Pagano, and Von Thad@809), Foley-Fisher (2010), Geyer, Kossmeier, and
Pichler (2004), among others



4. Are there persistent deviations between CDS artgbnd spreads?

Suppose that an investor buys a bond at its palevalth a maturity equal t® years
and a yield to maturity equal ygm Also, assume that at the same time the investor
buys protection on such reference entityTorears in the CDS market and the premium
of such contract is. The investor has eliminated the default risk esded to the
underlying bond and the investor's net annual retisrequal toytm- s. Absent any
friction, arbitrage forces would imply that the meturn should be equal to tAeyear
risk-free rate, which we denote byAlternatively, if ytm — s < r,then by means of a
short position in the bond, writing protection metCDS market and buying the risk-
free bond the investor could have obtained a pesjrofit without any risk. If, on the
contrary,ytm — s > 1 the investor could obtain a certain profit by imgythe risky bond,
buying protection in the CDS market and taking arsposition in the risk-free bond.

Hence, in equilibriumytm —r = s.

In order to investigate the existence and persistai deviations between CDS and
bond spreads, that violate the previous equilibritgtation, we apply the statistical

arbitrage test employed by Mayordomo, Pefla and R@®bla). This test is based on a
notion of arbitrage introduced by Hogan, Jarrowp &@d Warachka (2004) according
to which, absent market frictions, an arbitrage aspmity (in an statistical sense)

represents a zero-cost, self-financing trading dppdy that has positive expected
cumulative trading profits with a declining timeesgged variance and a probability of
loss that converges to zero as time passes. Baarmgnd that, within the logic of this

methodology, the existence of arbitrage opportesits conditioned to the absence of
market frictions, in our application of this teste interpret the results in a rather
agnostic way, avoiding identifying persistent déoias between both spreads with
unexploited arbitrage opportunities. Indeed, whechsdeviations are found, we relate

them, in a statistical sense, to several potenmtaaket frictions (see Section 5).

To test for the existence of persistent deviatiwos the zero-basis, we first compute
the increase in the *“discounted trading profits’hieth would obtain under the
assumption of no trading or funding costs, as fe#lo The “profits” from a given

investment strategy are defined as the basis titlmescontract notional value. We

compute such profits quarterly and the payment given datet is added to the trading
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profits accumulated from the first investing daidghie day beford;1. The accumulated
profits constructed in this way are assumed to Haeen invested or borrowed at the
risk-free rate in the interim, from t-1 to The cumulative trading profits are then
discounted up to the initial date. The increasdhim discounted cumulative trading
profits at a given dateis denoted bwv; and is assumed to evolve according to the
following process:

Av, =’ +ot'z,  (4)
fort = 0, 1, 2, ..., nwith n denoting the last investment date and whgrare
innovations. We assume the following initial commhs: z=0 and y = 0 (i.e. the
strategy is self-financed). Parametérand . determine whether the expected trading
profits and the volatility, respectively, are dexsmg or increasing over time and their
intensity. Under the assumption ttmis ani.i.d. N(0,1)variable, the expectation and
variance of the discounted incremental trading ifmofin equation (4) are

E[av,]= t° and Var[Av,|= 0%?, respectively.

Then, the discounted cumulative trading profitsegated by a given strategy satisfy:
v, =Zn:Avt ~ N(,uzn:tg,azzn:t“] ®)
t=0 t=0 t=0
We then define the log-likelihood function for tlecrements in equation (5) and
estimate the parameters of interéﬁt@,a,ﬁ) by maximizing that function using a non-
linear optimization method based on a Quasi-Newype- algorithm. Then, we
implement formally the notion of statistical arbifle test outlined before through the

specification and testing of the following thremsitaneous hypotheses:

H1: lim EF[V()]>0 = 4>0, and
H2: ItimP(v(t)<O):O = A<O0 or >4, and

H3: ItimVar[Av(t) |Av(t)<0]=0 =8> max{A —% ,—1}.



Statistical arbitrage requires that the expectadutative discounted profits/(t), are
positive {H1), the probability of loss converges to zek?), and the variance of the
incremental trading profitg(t) also converges to zerblg).

Hence, these three conditions must be simultang@asisfied to have support for the
existence of persistent non-zero basis. In pradige implies an intersection of several
sub-hypotheses. To maximize the power of the festead of testing whether the
previous hypotheses are simultaneously satisfiedredefine the null hypothesis as the
absence of persistent non-zero basis and so, stuistbased on the following union of
sub-hypotheses which are given by the complememtatiye previous hypotheses (see
Jarrow, Teo, Tse, and Warachka, 2007):

HI®: <0, or
H2°:1>0 and 6-1<0, or

H3lC:0—/1+%s0, or

H35:0+1<0,

whereH 1¢ and H 2¢ are the complementary of hypothestls andH2 while H3® and

H3; come from the complementary of hypothe4®s If one of the last four hypotheses

above is satisfied, we conclude that no persistentations exist.

To test these hypotheses we need to estimatp-taduesfor the previous restrictions.
To this aim, we follow the methodology developedRwnjitis, Romano, and Wolf (1997
and 1999). This technique provides an asymptoyicalalid test under weak

assumptions.

Specifically, our analysis leads to two one-tastse

a) Ho: no persistent deviations anda: negative deviations (the bond spread is
significantly higher than the CDS spread);

b) Ho: no persistent deviations anda: positive deviations (the CDS spread is

significantly higher than the bond spread).

& Implicit in hypothesiH3 is the idea that investors are only concerned &theuvariance of a potential
decrease in wealth. Whenever the incremental tgagiofits are nonnegative, their variability is not
penalized.
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The results of these tests are summarized in TAlRanels A and B report the results
for the period ranging from January 2004 to Sepsma008 for negative and positive
bases, respectively. Panels C and D report theesmonding results for the period
September 2008 - September 2010. As shown in Panaigl B, we cannot reject the
null hypothesis (no persistent deviations) at alaypdard significance level. This result
holds irrespectively of whether we consider eithesitive or negative bases. However,
after the collapse of Lehman Brothers, the CDSapiie persistently higher than the
bond spread in six cases (see Panel D) while nbiileeacountries analysed presents a

persistent negative basis, as shown in Panel C.

< Insert Table 2 here >

As a conclusion, the above results reveal thatzid®-basis hypothesis cannot be
rejected when we consider the pre-crisis periodoalgh temporary non-zero basis are
not rare during that episode. This last result nmgstnterpreted with caution since, as
argued before; a non-zero basis can not be underst@chanically as an opportunity
for arbitrage. For instance, Schonbucher (2003) kieegle (2007) emphasize that
shorting a bond with a required maturity, even ge& not always a feasible option.
Moreover, the fact that non-zero basis seem toapgering the crisis period may be
symptomatic of the presence of other restrictiond fictions that prevent a perfect
timeless alignment between the CDS and the boreadprand whose relevance may
have been exacerbated by the crisis itself. Thiddcbe the case, for instance, of
funding costs, differences in liquidity across neskand counter-party risk in the CDS
market. In the following section we test for thgrsficance of these (and other) factors,
as potential explanatory variables for the casesomizero basis detected during the

crisis.
5. The determinants of the basis
In this section we test whether the differencesvbeh the CDS and bond spreads are

purely random or, alternatively, whether they aséated to any market-specific or

global factors. Specifically, we consider the fallng potential explanatory factors:
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a. Counterparty Risk. In principle, the higher the counterparty riskthé seller of
protection via CDS is, the lower should be the Cipfead charged as a result of the
lower quality of the protection. We test for thifeet by using the first principal
component obtained from the CDS spreads of the dvaimanks which act as dealers in
that markef. The first principal component series should refléxe common default
probability and, hence, it is akin to an aggregateasure of counterparty risk.
Actually, the first PC for the series of CDS spieafithis set of dealers explains 87.5%

of the total variance of the observed variables.

b. Liquidity. In theory, one would expect that higher liquidity the bond market
relative to the CDS market would go hand in hanthwai higher basis, since a more
liquid bond implies a higher price and, hence, @welobond spread. To test for this
relative liquidity effects, we construct a ratiorefative liquidity between the bond and
the CDS. Specifically, the degree of liquidity inet CDS market is proxied by the
relative bid-ask spread which is obtained as thie tetween the bid-ask spread of the
CDS premium and the mid-premium, i.e. (Ask-Bid)&kABid)/2). The higher this ratio
is, the lower is the degree of liquidity in the CBfarket. A similar measure of liquidity
is computed for the bond market and the ratio betwsoth is taken as indicative of the
relative liquidity in the bond market vis-a-vis tli&DS market. As this ratio rises,

liquidity in the bond market relative to the CDSriet falls and so does the basis.

c. Financing Costs One would expect that higher financing costs dolawer the

demand for bonds, as buying them require fundimgl eould lead to a decrease in
prices, and hence, to higher bond spreads. Theteaffdunding costs on CDS spreads
should be lower given that in this case the reguamount of funding to get the same
(gross) risk position is lower (i.e. risk-leverage higher in the case of the CDS
investment). For this reason, an increase in fimgncosts would have a negative effect
on the basis. Due to the difficulty in obtainingtaleon institution-level funding

constraints, we use the spread between financrahwrcial paper and T-bill rates as a

° The 14 main dealers are: Bank of America, Bargl8)¢P Paribas, Citigroup, Credit Suisse, Deutsche
Bank, Goldman Sachs, HSBC, JP Morgan, Morgan StaReyal Bank of Scotland, Societé Generale,
UBS, and Wachovia/Wells Fargo. These dealers aartbst active global derivatives dealers and are
known as the G14 (see for instance ISDA ResearctedN(2010) on the Concentration of OTC

Derivatives among Major Dealers).

1 The use of the dealers’ CDS spreads as a proggufterparty risk is based on the Arora, Ghandi, an

Longstaff (2009) study which analyses the existarfamunterparty risk in the corporate CDS market.

12



common proxy for the funding constraints faced baricial intermediaries, as in
Acharya, Schaefer and Zhang (2006). Specifically,use the spread between the 90-
day US AA-rated commercial paper interest ratesttierfinancial companies and the
90-day US T-hill.

d. Domestic and global risk premiums:As additional potential explanatory variables
for the basis, we consider a measure of the coamtdyglobal risk premium. If both the
CDS and bond spreads are prices for the same cisklitthe effect of the country-
specific and global risk premiums on the basis khdw non-significantly different
from zero. However, in order to control for the tfécat this idiosyncratic and global
volatility could be priced differently in the twoarkets, we use the previous risk factors
as additional explanatory variables. The countmesfr risk premium is proxied by
means of the stock market volatility. The globakrpremium or global risk is proxied
by means of the VIX Index. The correlation betwettre VIX Index and the
counterparty risk variable is around 0.8. Thuspider to avoid any multicollinearity
problem, we modify the counterparty-risk variabted alefine it as the residual of the
regression of the first principal component CDSegps corresponding to the main CDS
dealers onto the VIX Index such that counterpaigi and VIX are now orthogonal
variables and the counterparty risk is not relatedhanges in the perception of global

risk.

e. Bond-CDS Spillovers:We here use the notion epillovers between the CDS and
the bond markets as the variation in the CDS (psptead that is not attributable to its
past values but to contemporary shocks to the {Q@S) spread. To measure such
spillovers or contagion-effects, we use a procedased on Diebold and Yilmaz's
(2010) methodology and described in Appendix Alie Bond-CDS spillovers variable
is obtained after dividing the spillovers from ttlganges in bond spread to the changes
in CDS spread relative to spillovers from the CSttie bond spread changes. This
variable reflects the increase in a given spreadtdwa direct effect of the other market.
We work in relative terms because the dependenablaris the difference between
both credit spreads. A positive (negative) signliegpthat when the ratio increases, that
is, the shock transmission from the bond markéheoCDS market is stronger (weaker)
than in the opposite direction, then the basis msd@arrows) , or in other words, the

CDS spread increases (decreases) with respeat twtid spread.
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f. Lagged basis:The lag of the basis should absorb any laggednmdtion transmitted
into the current observation. It also permits uddst the speed of adjustment of a
positive and negative basis. Due to the existefgeisistent deviations between CDS

and bond spreads documented in Section 4, we eapmEgitive sign.

We estimate the coefficients for the above varmlaé interest using a fixed-effects
estimation procedure that is robust to heteroskmiltgs We use the bootstrap
methodology to correct for any potential bias ie gtandard errors due to the use of
generated regressors. We report the results fdereift time periods in Table 3.
Columns 1, 2, and 3 refer to the period which sgems Jan-2004 to Sep-2010, Jan-
2007 to Sep-2010, and Jan-2008 to Sep-2010, resglgct

Interestingly, we observe that the relevance ofcinnterparty risk indicator increases
in the last part of the sample. In particular, wives restrict the sampling period to
January 2008 — September 2010, the counterparky miexy has a negative, as
expected, and significant effect. Although non-gigant at 5% level, the relative
liquidity has a negative effect, as expected. Fumdiosts have a negative effect, as
expected, in the three sub-samples, although rgmfisant. The global risk variable is
not significant in any of the three scenarios whitdly suggest that both markets reflect
global risk to a similar extent. Similarly, the ety risk premium, proxied by the
squared of the stock index returns, seems not toriced differently in both markets.
We also find that the shock-spillovers ratio hgmaitive and significant effect. That is,
when the shock transmission from the bond to thé&S @rarket dominates the shock
transmission in the opposite direction, then thedaidens. One economic implication
of this empirical finding is that in periods in whithe ratio of spillovers from the bond
market to the CDS market increases we obseegteris paribusa CDS’s market relative
overreaction and thus, the CDS spread will signstranger default probability for a
given reference name than the bond spread. Invitie the results of the previous
section, we find a high level of persistency in biasis. That is, there is a relatively low
speed of adjustment towards the long-run bond-C@8valence relation. Finally, the
constant term reflects whether the basis diffens, average, from zero and the
magnitude of such deviation. The results show tbatthe first two sub-periods the
basis does not significantly differs from zero,ttisathe bond-CDS equivalence relation

holds when we take into account the market frictidascribed above and the costs that
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are needed to trade the basis. Although in thel timne-period the basis is on average
significantly positive, its magnitude is low relati to the average basis during that
period (1.4 basis points relative to 7.7 basis {80ifThe relatively high R-square of this
regression is mainly due to the effect of the lagigasis and the fixed effects. However,
it should be noted that the explanatory variabkdgsin a relatively high explanatory
power even when we ignore the lagged basis antixin@ effects, in which case the R-
square is around 0.3. Actually, this is of a simi@agnitude of the one reported by
Trapp (2009) on a daily basis for corporates ugimy fixed-effects but ignoring the
effect of the lagged basis.

< Insert Table 3 here >

We next study whether there is any asymmetry betwesitive and negative bases.
For this purpose, we repeat the previous regredsitnve now distinguish between
positive and negative lagged bases. In particwarallow for two separate variables:
Positive basis = max(Basis,0and Negative basis= min(Basis,0)The results
corresponding to the new estimation are reporte@iaile 4. The difference between
the coefficient referred to a positive basis anel dime referred to a negative basis is
significantly higher than zero for the three timeripds considered in Table 4. As the
theory suggests, apparently, it is more difficudt dlose a positive basis than the
opposite. The reason is that to close the formeiatien an investor would need to take
short positions in CDS (sell protection) and bondspectively. Similar results are
obtained for the three sampling periods considéladuary 2004 — September 2010 in
Column (1); January 2007 — September 2010 in Col§®)n and January 2008 —
September 2010 in Column (3)).

< Insert Table 4 here >

6. Price-discovery analysis

An efficient price discovery process is charactetiby a quick adjustment of market
prices from the old to the new equilibrium as nefeimation arrives (see e.g. Yan and
Zivot, 2007). The previous literature that hasdrie measure this form of market-

efficiency has focused on static price-discoverglgses. In contrast, we here show that
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the price discovery process in the markets for ge credit risk in the EU does not
show a time-invariant pattern (Section 6.1). Gideis finding, we then try to identify
the effect of several potential explanatory vaesabbf the price-discovery metrics

obtained in the previous step (Section 6.2).
6.1. A dynamic price-discovery metric

To estimate a time-variant price discovery metrie extend the Gonzalo and Granger
(1995) price-discovery analysis using rolling wim#o The Gonzalo and Granger’s
model of price-discovery is based on the followingctor error correction model

(VECM) specification:

p p
ABSpy Z/]LiABSp{_i ZJliACDSp{_i "
[ j =a(BSpr -~ B, - ACDSSPry) +| + = +[ 1t j(G)

ACDSSpr p
D A8BSSpL; | | D3, ACDSSR;
i=1 i=1

The above empirical model is a vector autoregreséi*AR) system formed by two
equations defined from the vector which includes blond and CDS spreads of the
same underlying country, denoted B%pt and CDSSpy, respectively, and an error
correction term (ECT) which IS defined by the exgsion
a(BSpr, - 5, - B.LCDSSpr,), where [, andfB; are estimated in an auxiliary

cointegration regression and the parameter vegtor (ai, ap) contains the error-

correction coefficients measuring each price’s eigek speed of adjustment. The
estimation of the VECM specification is restrictedthe existence of a cointegration
relation between the bond and CDS spreads. Thigegyation relation appears in the

ECT as(BSpr, - B, - 8,CDSSpr,). The parameterk; ,A,;,9,;, and J,; fori= 1,..p,

with p indicating the total number of lags, contain tleefticients of the VAR system
that measure the effect of the lagged first difieesin the CDS and bond spreads on the

first difference of such spreads at tifeé  Finally, u; denotes a white noise vector.

The price discovery metric for the bond and CDS kets; denoted b¥sG,ong and
GGcps, respectively, can then be constructed from teenehts of the vectar', which

contains the coefficients that determine each ntarkentribution to price discovery:

YThe optimal number of lags is determined by mednkseoSchwarz information criteria.
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a, . __ o
— o+ ) GGeps = o+
a, +a, a, +a,

GGBond =
Given thatGGgong+ GGeps= 1, we would conclude that the bond (CDS) markatls
the price discovery process whene®bgqnq is higher (lower) than 0.5. The intuition
for this is the following. The larger the speedeliminating the price difference from
the long-term equilibrium attributable to a giveanket, the higher the corresponding

according to (6), and the higher is the price discyp metric.

In order to apply the methodology outline abovetovide a dynamic metric of price-
discovery leadership in the two markets at stalkegestimate the system in equation (6)
using rolling windows with different lengths: 50050, and 1,000 days. To do so, we
first need to check for the order of integratiortted CDS and bond spreads and then for
the existence of a cointegration relation. Usinljng windows with a length of 500
observations (henceforth, we use this as our esalindow-length), we find that the
bond spread is integrated of order one (non-statignn all the countries and dates,
except for Greece in 42 dates, or equivalenthy3.5% of the windows the bond spread
of Greece is stationary at a 5% confidence levelgaRding the CDS spread, it is
integrated of order one in all the dynamic sub-dammgonsidered and for all the

countries at a significance level of 5%.

We next apply the cointegration test to a total @03 500-day windows for each of the
ten countries and find cointegration between bgiteads in 7,284 cases (61% of the
total). In particular, the country with the lowdgslighest) percentage of cointegration
relations is France (The Netherlands) with coirdaégn in 38% (82%) of the windows.
As we increase the window length, we find a higm@mber of cointegration relations.
For instance, for a window length of 750 (1,000ntegration exists in 67% (76%) of

the cases.

Figure 1 shows the average price discovery metfsined for the three different
window-lengths. In particular, we report a 30-dagung average of the mean price-

discovery metrics which is obtained as an equalygivted mean across the ten euro

2 The number of lags employed in the Granger cays#dist is chosen according to the Schwarz
information criterion.
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area countries. A first interesting feature is tiat estimated metrics do not seem to be
very sensitive to the window length. Based on thisthe remaining of the paper we

focus on 500-day windows.

An important message steaming from Figure 1 istti@price discovery metrics are not
static but rather evolve over time, with the relatieadership of the CDS market in the
process of price-discovery being more pronounceourat some specific dates.
Specifically, before the summer of 2007 the CDSkataclearly leads sovereign risk
price discovery. This finding is consistent withethesults reported by, e.g., Blanco,
Brennan and Marsh (2005), Zhu (2006), or Norden\Afether (2009) in the context of
the corporate debt markets. The first noticealde m the relative leadership of the
bond market took place around February 2008, ardgbedcollapse of Bear Stearns.
Afterwards, in September 2008, coinciding with thk of Lehman Brothers and AIG
the bond price discovery metric again jumps to e highest value at the end of
2008. This pattern suggests that during these peaific episodes, Bear Stearns and
Lehman-AIG, the bond spread led, although by a Ismakgin, the price discovery
process. Next, we observe another rebound in tice-giscovery indicator in Figure 1
around April 2010, coinciding with the worst momemtf the Greek sovereign debt
crisis. However, right after the approval of a tespackage for Greece by the European
Union and the International Monetary Fund, the Ci&rket started to regain its

leadership rolé?
< Insert Figure 1 here >

Figure 2 shows the estimated price-discovery mébricwo groups of countries in the
sample, peripheral and central countffesExcept for some gaps between the two
country-groups price-discovery metrics witnessefbiteethe crisis (around 2006 and the
first half of 2007) the pattern followed by the met corresponding to the two groups
of countries has been remarkably similar for maastt pf the period under study.
However, in the final part of the sample periodofffr around the spring of 2010

onwards) the empirical model detects some decayddetween the price-discovery

3 n line with Mayordomo, Pefia, and Romo (2011b}éheesults confirm the role of the bond markets
during this period as a fair measure of credit.risk

* The peripheral group includes Ireland, Italy, GeePortugal and Spain. The core group includes
Austria, Belgium, Finland, France and The Nethettamhe window length in all cases is 500 days.
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measure for the core and the peripheral count@pscifically, from May 2010 on, the

CDS spread clearly leads the price-discovery pso@eshe peripheral group with a
much higher intensity than observed in the corenttaes. Furthermore, whereas the
CDS market continues gaining relative efficiencytle peripheral economies during
the last months of the sample, the opposite obtainthe core economies, where the
bonds market seems to improve their relative eficy.

The last result may be reflecting the ECB policybofying sovereign debt from the
peripheral countries. Another potential explanatisnthe use of the core countries
sovereign debt as a reserve asset during periotieightened aggregate uncertainty
during which investors’ perception of risks chamgamatically in a way that may not

be easily reconciled with risk attitudes obsenredarmal timeg?

All in all, the above results show that the CDS keausually leads the price discovery
process with a few exceptions. When the bond maeleels its weight is always lower

than 0.6. However, the role of the bond spread @gdit risk information provider has

increased during the crisis and, especially, aesiraf heightened global uncertainty,
like in aftermath of the collapse of Lehman Brother

< Insert Figure 2 here >

In Figure 3 we show the price discovery metricsifalividual countries. Like Figure 2,
it is constructed using the 30-day moving averagthe price discovery metrics. This
figure confirms the idea that, for the majority @duntries, the CDS market reflects
information more efficiently before the crisis. $ome specific periods and for some
countries this pattern changes and the bond ma@®tcorrespondingly improved its
informational role. For instance, in the period uky 2008 — April 2008 (around the
Bear Stearns collapse) the bond clearly leads B8 @ Belgium, France, Finland,
Greece, ltaly, The Netherlands, and Portugal, iegcthe maximum value of 1 in
France and The Netherlands. The last results doeilceflecting the use of the French

and Dutch sovereign debt as a reserve asset, inetige described earlier. A similar

!5 Caballero and Krishnamurthy (2008) provide a théoal framework that exploits the notion of
Knightian uncertainty to rationalize, among oth@epomena, the intense accumulation of high-quality
assets during episodes of macroeconomic instalitity Caballero and Kurlat (2009) illustrate thagad
within the context of the Great Recession.
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pattern is observed in the period September 200&wary 2009 (around the Lehman
Brothers episode), when the bond clearly leadsObB& in Austria, Belgium, France,

Ireland, The Netherlands, and Spain reaching maximalues in at the end of 2008
and the beginning of 2009, coinciding with the ape of Lehman and the global
uncertainty that followed. Now, focusing on theipkeral countries in the first stage of
the Greek debt crisis, during the first half of @0the bond spread reflects credit risk
more efficiently than the CDS spread in Italy anphi® whereas the opposite holds for

Greece and Ireland.

< Insert Figure 3 here >

The Granger-causality test has also been commanpfagyed in some previous price-
discovery analyses. This methodology requires tieelic spreads to be integrated of
order one and for this reason can be applied &ogeet number of days than the Gonzalo
and Granger (1995) test due to the absence of dimtegration requirements in the
former method. Hence, we repeat the analysis usinglling windows Granger
causality test in which the optimal lag length loé tVAR is obtained by means of the
Schwarz information criteria. In general, we fiat before the end of 2007 none of the
credit spreads causes the other. Afterwards wedibdlirectional causation relation in
the peripheral countries. Thus, attending to then@er causality test we cannot clearly
differentiate whether the bond or CDS leads thecgss of price discovery in the
peripheral countries. In the core countries we nles¢hat the CDS causes the bond
spread while there is no causation effect fromtkbed spread from the beginning of
2008 to the end of the sample.

The Granger causality test is the approach foltbiwe Delis and Mylonidis (2010) to

estimate the dynamic price discovery process asdlteeare consistent with the ones
they found for the countries they study (Greecaay]tPortugal, and Spain). However,
these results confirm that Granger causality teshat so informative to determine
which market leads the price discovery processit & the case in the peripheral
countries, while Gonzalo and Granger’s methodoleggbles us to conclude which

market leads at every date.
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6.2. An analysis of the determinants of the markdeadership in price-discovery
In this section we aim at providing a (partial) Ex@tion of the dynamic pattern of the
price-discovery metrics estimated before, by resings them on some potential

explanatory factors.

Specifically, for each country, we construct a dwmvariable that takes a value of 1
when the bond market reflects information morecedfitly than the CDS market and 0
otherwise. This dummy is constructed on the basssrolling window estimation using
1,000 observation$, and then it is used as the dependent variatdeliogit regression
that includes as regressors the same used indghesston contained in Table 2 with the
exception of the lagged basis and the relativdoy@ts measure. The last measure is
not included due to potential endogeneity probleiV& consider these regressors
because they have been found to have a signifeféetdt on the deviations from a zero-
basis. Hence, as this reflects that the effectuchsegressors is not reflected in the
same way in the two markets, it seems natural tsider that one market could capture
better than the other the effect of each determimdnthe basis. Additionally, as
mentioned informally before, the role of the two rkes providing efficient
information on credit risk could have been affectsdthe interventions of the ECB
after May 2010 buying sovereign debt. For this oeage also use as an explanatory
variable the amount of sovereign debt purchasedthey ECB. Additionally, we
distinguish the effect of such potential determisanf the price discovery metrics on
peripheral and core countries.

The results are reported in Table 5. Column 1 ¢ostéhe results for the period
December 2007 — September 2610Column 2 shows the results for the period
spanning from September 2008 — September 2010n@slB and 4 show the results

'8 When faced with missing values (due to a lackadfitegration relation between the CDS and the bond
spreads), the value of the dummy is imputed acogrdo the Granger-causality analysis performed
earlier. For the remaining missing values, the @alfithe dummy is imputed whenever there is another
observed value within the next month which coinsigéth the previous price discovery value observed
and persists at least in the next ten observatibafter a given date there are not cointegratelations

up to the end of the sample we do not impute amhyevdor sake of the robustness of this proceduee,
use the 1,000-observation estimation. We do notl@yrihe price discovery metric directly, which is a
concrete value comprised between 0 and 1, butadsassign a value one or zero to such metrics, thus
softening such strong assumption. We impute a tift&885 observations (i.e. 14% of the observations)
out of which 197 of the observations are imputedri®ans of the Granger-causality test and 688 by the
alternative method.

" Notice that in choosing the length of the firstipe we are restricted by the (conservative) choice
1000-day window.
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obtained for the subgroups of core and peripherahties, respectively, for the period
December 2007 — September 2010.

One might expect that the higher the counterpaskythe lower should be the ability of
the CDS market to reflect adequately the credi. fi$e sign is the expected (positive)
and significant in Columns (1) and (2) referredie whole group of countries. In line
with the results obtained in Table 3, as we useren@ closer to the collapse of Lehman
Brothers and the European sovereign debt crisicdleéficient increases and becomes
more significant. We also observe remarkable difiees across the core (Column 3)
and peripheral (Column 4) countries. The effeat@interparty risk is positive for both
groups of countries but is only significant for tgeup of peripheral countries. Thus,
counterparty risk significantly lowers the abilityf the CDS spreads to reflect

adequately credit risk in the peripheral countbasnot in the core countries.

We find that a low degree of liquidity in the bonthrket relative to the CDS market
affects negatively to the price discovery metrineeffect is higher in Column (2) than
in Column (1), possibly due to the higher influerafelow liquidity in CDS markets
around the Lehman Brothers collapse and the rest@&eece. Surprisingly, for the
group of core countries (Column 3) the effect & tiquidity ratio is positive, being
negative and significant for the group of periphentries (Column 4), as the theory

would suggest.

Funding costs affect negatively to the bond buyerstrary to the CDS market which
allows for higher-leveraged positions. For thissaathe funding costs affect negatively
to the ability of the bonds market for anticipatitigg credit risk relative to the CDS
market. The effect of this variable dilutes as shenple period comprises the European
sovereign debt crisis. The magnitude of the coetficfor the funding cost variable is
similar for the two groups of countries. This réssuiggests that funding costs affect

similarly to the capacity of price discovery of ditespread for the different countries.

In line with the results obtained by Mayordomo, ®#e&ind Romo (2011b) the bond
spreads tend to reflect credit risk more efficigritan CDS spreads during periods of
high global risk (high values of the VIX Index). i§hresult is consistent for the four
regression specifications. The country specifi& psemium proxied by means of the
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squared returns of the national stock index issigtificant at 5% significance level but
the related coefficient has different signs for twe (positive sign) and peripheral

(negative sign) countries.

If the ECB is buying debt independently of the pricmformation derived from such
market could become less revealing of the fundaahergtiue of the traded security.
This hypothesis is confirmed by the significant amelgative sign of the variable
representing the amount of sovereign debt purchbgdatie ECB which is obtained in
the four columns. Interestingly, the magnitude dach coefficient differs between the
core and peripheral countries being the latter ntade significantly higher than the
former. This result may be reflecting the ECB pplid buying sovereign debt from the

peripheral countries

< Insert Table 5 here >

7. Conclusions

This paper analyzes the extent to which the soger€redit Default Swap (CDS) and
bond markets reflect the same information on theaes in the context of the European

Monetary Union. The main results can be summarazefbliows.

We first test the “no-arbitrage” theoretical retatithat should exist between the bond
and the CDS spreads in a frictionless environmieicesboth spreads are supposed to be
the prices for the same credit risk. Our resul®asthat after the subprime crisis there
are persistent deviations from that theoreticaitpaelation that were absent before. In
particular, we find evidence in favour of a pemsmtpositive basis for the crisis period

in a number of countries.

Based on the previous finding, we analyse theabkome potential determinants of the
basis, including several different types of risksunterparty, country-idiosyncratic and
global) and market frictions. In particular, wedithat the counterparty risk indicator
has a negative and significant effect on the baspgcially during the most recent
period. Both funding costs and a low liquidity imetbond market relative to the CDS

market also have a negative effect on the basigefiods in which shocks originated in
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the bond market are transmitted into the CDS maikkich we interpret as spillovers
or contagion-effects, we find an overreaction-dffachis last market. Finally, we show
that the speed of reversion of the basis is asynunetith positive bases typically
requiring a longer time to diminish.

Finally, we conduct a dynamic analysis of marketdiErship in the price discovery
process. An important result here is that the padiseovery process is state-dependent.
Specifically, the levels of counterparty and glohak, funding costs, market liquidity
and the volume of debt purchases by the EuropeanraeBank in the secondary
market following the rescue of the Greek economialy 2010 are all found to be

significant factors in determining which marketdearice discovery.
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Appendix A.1

Estimation of the spillovers between the CDS and Imols markets

We use a notion of spillover effects according tach such effects are defined from a
variance decomposition associated with an N-vagiaelctor auto regression following
the methodology employed by Diebold and Yilmaz @0@nd later improved in
Diebold and Yilmaz (2010) by measuring directiosglllovers in a generalized VAR
framework that eliminates the possible dependenoiesesults on ordering. The
spillovers between the CDS and bond spreads héreagsd can be interpreted as the
degree of variation in the changes of the CDS (bspdeads that is not attributable to
their historical information but to contemporaryshks (innovations) in the changes of
the bond (CDS) spreads. This indicator of contagiies higher values as the intensity
of the contagion effect which is caused by the iijgegshocks of the bond (CDS) market
increases. In the extreme case in which there ontagion from the bond to the CDS
market the indicator series is equal to zero.

In particular, we first consider a covariance stadiryN-variable VAR (p)
p
X :zcbi X t& @
i=1
where X, denotes a vector of stationary changes in the @bxbbond spreads of a

given country ands ~ (0,%) is a vector of independently and identically disited

disturbances such that the moving average repaiEmiis X, = > A&, where the

i=0

17

NxN coefficient matriceg\ obey the recursiorA =® A +®,A_, +..+® A_, with
Ao being anNxN identity matrix andAi=0 for i<0. Thus, the error from the forecast of
X, at theH-step-aheadhorizon, conditional on information available tat, can be

H
expressed as§, =Y Ag.,,, and the variance covariance matrix of the total
h=0

H
forecasting error is computed aBov(¢,,)=> AZA,, where ¥ is the variance-

h=0

covariance matrix of the error term in equation )

The moving average coefficients are the key to rstdeding the dynamics of the

system. We rely on variance decompositions, whildwaus to parse the forecast error
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variances of each variable into parts attributéblhe various system shocks. By means
of this variance decomposition we can obtain thapertion of theH-step-aheacerror

variance in forecasting; that is due to shocks ¥ 0Jj #i, for eachi.

We first compute the variance shares which arenddfias the fractions of thé-step-
aheaderror variances in forecasting due to shocks t&, fori= 1, 2,..., N.we then
derive the cross variance shares, or spilloverBnetd as the fractions of thid-step-
aheaderror variances in forecastig due to shocks ¥, fori, j =1, 2, ..., Nsuch that

I # j. TheH-step-aheadorecast error variance decompositions are dertnyqu(H) ,

forH=1, 2, ...).e.:

=

oY (eAze,f
eijg (H)= H_?:O' ‘ %)
(6AzAe)

=y

whereX is the variance matrix for the error vectgro; is the standard deviation of the

error term for the-th equation, an@, is the selection vector with one as itreelement

and zeros otherwise. The sum of the elements oh easv of the variance
N

decomposition table is not equal to 1, iEHijg (H)#1. Each entry of the variance
i=1

decomposition matrix can be normalized such thaetements of each row sum 1 as:

Sory < G (H)

; ©
2.6/ (H)

We compute the spillovers from shocks in the fodferences in CDS and bond
spreads. That is, we estimate spillovers betweerbtind and CDS spreads for a given
country. We use first differences instead of petage changes to minimize the effect of
the outliers which are obtained when we use inddgr@minator the bond spread which
is very close to zero, and even negative, in sooumtties at some points in time in

which the bond yield does not differ materiallyrfrdhe German bond yiefd.

'8 Spillovers can be computed from either shockshim mean or the volatility. Diebold and Yilmaz
(2010) estimate spillovers in volatility using asn@asure for such volatility daily high and lowqas.
We have end-of-day CDS and bond spreads and foreason, the only possibility to compute volatilit
is as the square of the measure employed to conipaiteean spillovers (changes in credit spreads). W
find that the variable refereed to shock spillovierdthe mean is highly correlated with the equinéle
measure for the variance.
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Table 1: CDS and Bond Spreads Descriptive Statissc

Table 1 reports the CDS and bond spreads mainipgegerstatistics (mean,
standard deviation, maximum, and minimum) for défg time periods
(2004 - 2008, 2009, and 2010). The bond spreadsobtained as the
difference between the country A’s yield and thern yield.

Bond CDS
Mean 7 8
Std.Dev. 12 21
2004-2008 Max 80 158
Min. -1 1
Mean 52 104
Austria 2009 Std.Dev. 25 49
Max. 120 259
Min. 20 52
Mean 41 7
Std.Dev. 11 14
2010 Max. 88 110
Min. 25 49
Mean 9 8
Std.Dev. 17 14
2004-2008 Max % o4
Min. -4 2
Mean 49 63
. Std.Dev. 29 33
Belgium 2009 Max 124 149
Min. 14 30
Mean 46 89
Std.Dev. 21 29
2010 Max. 119 151
Min. 17 46
Mean 5 6
Std.Dev. 12 9
2004-2008 Max 74 -
Min. -5 1
Mean 34 37
) Std.Dev. 21 19
Finland 2009 Max 89 o1
Min. 8 16
Mean -1 31
Std.Dev. 12 4
2010 Max. 24 38
Min. -16 24
Mean 4 6
Std.Dev. 9 9
2004-2008 Max a 61
Min. -7 1
Mean 23 40
France 2009 Std.Dev. 12 20
Max. 53 95
Min. 4 16
Mean 22 64
Std.Dev. 9 17
2010 Max. 44 100
Min. 9 29
Mean 5
Std.Dev. 7
2004-2008 Max 50
Min. 1
Mean 36
Std.Dev. 18
Germany 2009 Max 89
Min. 19
Mean 39
Std.Dev. 7
2010
Max. 60
Min. 25
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Table 1 (Cont.): CDS and Bond Spreads Descriptivet&istics

Mean 25 23
Std.Dev. 36 36
2004-2008 Max, 255 240
Min. 6 5
Mean 166 165
Std.Dev. 78 54
Greece 2009 Max. 329 284
Min. 63 95
Mean 664 593
Std.Dev. 279 241
2010 Max. 1293 1126
Min. 212 245
Mean 4 6
Std.Dev. 8 12
2004-2008 Max. 59 91
Min. -7 1
Mean 30 53
Std.Dev. 18 30
The Netherlands 2009 Max. 85 124
Min. 7 24
Mean 21 42
2010 Std.Dev. 6 7
Max. 47 56
Min. 9 30
Mean 9 13
Std.Dev. 20 31
2004-2008 Max. 127 219
Min. -8 2
Mean 151 190
Std.Dev. 56 62
Ireland 2009 Max. 276 368
Min. 85 111
Mean 167 204
Std.Dev. 68 60
2010 Max. 327 352
Min. 62 115
Mean 19 19
Std.Dev. 25 27
2004-2008 Max. 147 187
Min. 2 5
Mean 74 103
Std.Dev. 32 39
Italy 2009 Max. 153 191
Min. 35 >4
Mean 93 150
Std.Dev. 37 41
2010 Max. 185 245
Min. 38 90
Mean 13 14
Std.Dev. 20 19
2004-2008 Max. 117 114
Min. 0 4
Mean 71 76
Std.Dev. 37 27
Portugal 2009 Max. 170 152
Min. 25 42
Mean 195 232
2010 Std.Dev. 88 84
Max. 443 461
Min. 58 83
Mean 8 12
Std.Dev. 15 20
2004-2008 Max. 93 123
Min. -4 2
Mean 54 89
] Std.Dev. 30 26
Spain 2009 Max. 129 163
Min. 13 51
Mean 124 177
Std.Dev. 65 54
2010 Max. 249 275
Min. 42 92
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Table 2: Statistical Arbitrage Test for the Existerce of Persistent Mispricings

This table reports the p-value obtained from thatistical arbitrage methodology of
Mayordomo, Pefa, and Romo (2011a). A p-value Iawan 0.05 indicates that a significance
level of 5% there are persistent mispricings betwtée 5-year CDS and bond spreads. The
bond spread is obtained as the difference betweerduntry A’'s bond yield and the risk-free
rate which is equal to the German bond yield. PaAeand B report the results for the period
ranging from January 2004 to September 2008 for -BB& negative and positive bases,
respectively. Panels C and D report the resultshferperiod which spans from the collapse of
Lehman Brothers (September 2008) to September 2fifF10DS-bond negative and positive
bases, respectively. *** (** and *) indicates theigtence of persistent mispricings at a
significance level of 1% (5% and 10%, respectively)
Panel A: Persistent Negative Basis Before Lehman Brothers Collapse

P-value Persistent Mispricing
Austria 1.000 No
Belgium 0.961 No
Finland 1.000 No
France 1.000 No
Greece 0.999 No
The Netherlands 0.988 No
Ireland 1.000 No
Italy 0.678 No
Portugal 1.000 No
Spain 0.988 No

Panel B: Persistent Positive Basis Before Lehman Brothers Collapse

P-value Persistent Mispricing
Austria 1.000 No
Belgium 0.957 No
Finland 1.000 No
France 1.000 No
Greece 1.000 No
The Netherlands 0.987 No
Ireland 0.706 No
Italy 0.378 No
Portugal 1.000 No
Spain 0.988 No
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Table 2 (Cont.): Statistical Arbitrage Test for theExistence of Persistent Mispricings

Panel C: Persistent Negative Basis After Lehman Brothers Collapse

P-value Persistent Mispricing
Austria 1.000 No
Belgium 1.000 No
Finland 0.871 No
France 0.655 No
Greece 0.723 No
Ireland 1.000 No
Italy 0.658 No
The Netherlands 0.942 No
Portugal 0.932 No
Spain 0.789 No

Panel D: Persistent Positive Basis After Lehman Brothers Collapse

P-value Persistent Mispricing

Austria 0.003 Yes***
Belgium 0.466 No
Finland 0.129 No
France 0.012 Yes**
Greece 0.387 No
Ireland 0.003 Yes***
Italy 0.060 Yes*
The Netherlands 0.003 Yes***
Portugal 0.392 No
Spain 0.043** Yes**
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Table 3: Determinants of the basis

This table reports the effect of the potential deteants of the basis based on a fixed effects
regression robust to heteroskedasticity. We test dffect of such determinants for three
different periods. Column (1) reports the resudtsthe period which spans from January 2004 —
September 2010. Column (2) presents the resulthéoperiod January 2007 — September 2010.
Finally, Column (3) shows the results for the pgrd@nuary 2008 — September 2010. The table
contains the explanatory variables’ coefficientd #ret-statisticbetween brackets. *** (** and

*) indicates whether the coefficients are significat a significance level of 1% (5% and 10%).
The bootstrap methodology is employed to corregtotential bias in the standard errors due

to the use of generated regressors.

1) 2) 3)
Counterparty risk net of global risk -0.017 -0.044 -0.157***
(-0.31) (-0.86) (-3.19)
Ratio bond/CDS liquidity -0.082** -0.083* -0.086*
(-1.98) (-1.88) (-1.83)
Financing costs -0.592 -0.676 -0.877
(-1.38) (-1.48) (-1.62)
Global risk (VIX) 0.008 0.004 -0.011
(0.71) (0.37) (-0.89)
Squared of country stock index returns 637.908 | 659.727* | 690.787*
(1.63) (1.68) (1.66)
Shock spillovers from bond to CDS spreads | 0.735** 0.720** 0.642**
relative to spillovers from CDS to bond spreg (2.25) (2.18) (2.13)
Lagged basis 0.946*** | (0.944*** 0.941***
(34.71) (33.48) (33.99)
Constant 0.212 0.494* 1.430***
(1.19) (1.68) (2.66)
Number of observations 11089 8207 6478
F statistic 65116.88| 55045.15 | 41138.17
Prob>F 0.00 0.00 0.00
Adjusted R-squared 0.93 0.93 0.92
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Table 4: Determinants of the basis. Asymme¢s in the Basis

This table reports the effect of the potential deteants of the basis based on a fixed
effects regression robust to heteroskedasticitydimg on the speed of adjustment of
positive and negative bases to test if there isamyynmetry between positive and negative
bases. The explanatory variables are the same getpia Table 3 but the lagged basis
variables is divided in two variables to control the positive or negative bases. These
variables arePositive basis max(Basis,0andNegative basis min(Basis,0)We test the
effect of such determinants for two different pdaoColumn (1) reports the results for the
period which spans from January 2004 — SeptemhHd.Z0olumn (2) presents the results
for the period January 2007 — September 2010. lgjnablumn (3) shows the results for
the period January 2008 — September 2010. The talolains the explanatory variables’
coefficients and the-statistic between brackets. *** (** and *) indicates whethtre
coefficients are significant at a significance legé 1% (5% and 10%). The bootstrap
methodology is employed to correct any potentiakbn the standard errors due to the use

of generated regressors.

1) 2) 3)
Positive lagged basis 0.975%** | (0.974*** 0.970***
(57.84) (56.58) (58.83)
Negative lagged basis 0.907*** | 0.903*** 0.900***
(11.16) (10.84) (10.94)
Counterparty risk net of global risk -0.070 -0.091** | -0.200%***
(-1.57) (-1.96) (-3.15)
Ratio bond/CDS liquidity -0.132 -0.132 -0.134
(-1.27) (-1.25) (-1.29)
Financing costs -0.444* -0.518** -0.681**
(-1.92) (-2.24) (-2.40)
Global risk (VIX) -0.006 -0.009 -0.024
(-0.37) (-0.53) (-1.23)
Squared of country stock index returns 599.536* | 617.781* | 642.989**
(1.85) (1.96) (2.01)
Shock spillovers from bond to CDS spreads | 0.487*** | 0.457*** 0.387**
relative to spillovers from CDS to bond spreg (3.19) (2.77) (2.10)
Constant 0.239 0.472* 1.367***
(1.18) (1.78) (3.19)
Number of observations 11089 8207 6478
F statistic 72833.95| 64022.48 | 47471.40
Prob>F 0 0.00 0.00
Adjusted R-squared 0.93 0.93 0.92
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Table 5: Determinants of the Price Discovery Metris

This table reports the effect of the potential deteants of the price discovery metrics using a
panel fixed effects Logistic regression robust ébehoskedasticity. The price discovery metrics
are obtained from the Gonzalo and Granger’'s (1988)hodology using rolling windows of
1,000 observations. The dependent variable takkse vl when the bond spread reflects the
information more efficiently than the CDS spreadle/a value equal to 0 indicates that the CDS
spread leads the price discovery process. The bprehad is defined as the difference between
the country A’s yield and the German yield. Colu(tip reports the results for the period which
spans from December 2007 — September 2010. Thiplsdength is due to the use of the first
1,000 observations to estimate the price discowatric. Column (2) shows the results for the
period which spans from the Lehman Brothers coliapsSeptember 2010. Columns (3) and (4)
report the results obtained using the subgroumiE and peripheral countries, respectively, for
the same period as in Column (1). The table costtia explanatory variables’ coefficients and
the t-statistic between brackets. *** (** and *) indicates whethée coefficients are significant

at a significance level of 1% (5% and 10%).

1) 2) 3) 4)
Financing costs -2.265%** | -1.029%** -2.253*** -2.086***
(-17.24) (-5.14) (-14.5) (-9.26)
Counterparty risk net of global risk | 0.071*** 0.147*** 0.027 0.1271%**
(2.57) (3.93) (0.70) (3.58)
Global risk (VIX) 0.089*** 0.035*** 0.099*** 0.074%*
(17.44) (4.72) (11.43) (10.73)
Ratio bond/CDS liquidity -0.014 -0.041** 0.278*** -0.037**
(-1.59) (-2.13) (6.94) (-2.52)
Squared of country stock index retu| 25.117 -106.141 137.010* -152.585
(0.39) (-1.44) (1.76) (-1.42)
Bonds purchased by ECB -0.207*** | -0.284*** -0.204*** -0.243***
(-9.29) (-7.47) (-6.89) (-3.25)
Constant -1.484*** | -2.826*** -5.183*** -0.549**
(-8.03) (-8.47) (-11.98) (-2.47)
Number of observations 5843 4101 2715 3128
Wald chi2 1114.04 962.28 614.20 466.44
Prob > chi2 0.00 0.00 0.00 0.00
Log pseudolikelihood -1907.93 | -1202.17 -901.4 -962.54
Pseudo R2 0.463 0.5627 0.5101 0.3792
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Figure EMU Price Discovery Metrics: This figure shows the 30-days moving
average of the EMU countries price discovery metrithese metrics are obtained as the
weighted average of the country specific price aiscy metrics. The figure reports
different lines depending on the number of daysluseethe rolling window estimation
(500, 750, and 1000 days).
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Figure 2: Price Discovery Metrics for Groups of EMU Countries. This figure shows
the 30-days moving average of the price discoveeyrios for the peripheral, core, and
all the EMU countries. These metrics are obtairetha equally weighted average of the
country specific price discovery metrics.
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Figure 3.A: Price Discovery Metrics for Individual EMU Countries. This figure
shows the 30-days moving average of the price d&gometrics for Austria, Belgium,
Finland, France, and The Netherlands.
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Figure 3.B: Price Discovery Metrics for Individual EMU Countries. This figure
shows the 30-days moving average of the price d&gometrics for Greece, Ireland,
Italy, Portugal, and Spain.
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