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Abstract
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discovery process is state-dependent. Specificiéy)evels of counterparty and global
risk, funding costs, market liquidity, the volumé aebt purchases by the European
Central Bank in the secondary market, and the aggaes of banks to accept losses on
their Greek bonds are all found to be significaattdrs in determining which market
leads price discovery.
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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 entitie.However,
the relation between sovereign CDS and bonds nsrkaleveloped countries has not
attracted much interest until very recently, maiollytwo 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 typically.low

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 Paltaigd, to a lesser extent, Spain and
Italy have faced some episodes of heightened temoek 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.

The previous literature have paid some attentiomvestigate the relationship between
the corporate bond market and the corporate CD&eatsabut only a few papers have
studied whether the empirical regularities ideatfin the corporate markets, including
those related to price discovery, are also foundhm case of sovereign reference
entities. The aim of this paper is shed light oesth latter issues within the context of
the recent episodes of sovereign-debt crises irerabwcountries in the European
Monetary Union (EMU).

Specifically, we analyse the theoretical equivaéeredation between the sovereign bond
yield spread (with respect to a risk-free benchmakd the corresponding CDS
spread’. Abstracting from market frictions and other conttal clauses both spreads

! We discuss the related literature in Section 2.

2 The results are obtained using the German bora poxy of the risk free asset, as in e.g. Geyer,
Kossmeier, and Pichler (2004), Bernoth, von Hagend, Schuknecht (2006), Delis and Mylonidis (2010),
Favero, Pagano, and Von Thadden (2009), Foley-Fi&@10), or Palladini and Portes (2011), among
others

2



should reflect the same information on the cregdit of a given reference entity and
therefore should be equal. In other words, lihsis defined as the difference between
the CDS spread and the corresponding bond spreadidsbe zero. Or in case it differs
from zero, the differences should be purely randmm not related to any specific
factor. Moreover, in such a frictionless scenaboth spreads (or credit-risk prices)
should incorporate the credit risk information isimilar way, i.e. both markets should
equally efficient in terms of the process of credik price discovery. The current
European sovereign debt crisis poses a particulargresting scenario to test for the
previous hypotheses. In particular, we analyzebtimed-CDS equivalence relation from
three different perspectives.

First, we test the “no-arbitrage” theoretical fiactiess relation that equates the bond
and the CDS spreads to find that there are penmsisteviations from that relation.
Interestingly, we find that the deviations begirthmhe outset of the subprime crisis

with no evidence of such deviations before then.

Second, based on the previous finding, we studyptssible causes of the deviations
between the bonds and the CDS spreads. To thatarestimate de effects of several
factors on the basis. In particular, we find tha® tounterparty risk indicator has a
negative and significant effect on the basis, a@gfig@fter September 2008, when some
of the most active sellers of CDS started to fananfial difficulties. Funding costs
have a negative effect on the basis due to theinger effect on the demand for bonds
relative to the demand for CDS, as the latter megléss funding to take on the same
risk position. A higher degree of liquidity in tHends market relative to the CDS
market has a positive effect on the basis givehdeteris paribusa more liquid bond
implies a lower bond yield and spread. The volurhdett purchases by the European
Central Bank (ECB) in the secondary market thatehtaken place after May 2010
affects positive and significantly to the basise3& purchases exert a negative effect on
bonds spreads. The fact that the such effect ipmesient (or it is weaker) in the case of
the CDS spreads may indicate that these intervehiidfect other components of the
bonds prices other than credit risk (e.g. throudlan the bond liquidity premium) or,
simply, induce some over-price effect in the bondsket, for a given a level of credit-
risk. Although the effect of the level of globatki proxied by the VIX Index, is not

significant, the country-specific risk premium, rmeeed through the stock market
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index, affects the basis positively and signifitanThis suggests that while global
volatility is priced similarly in both markets, th@iosyncratic volatility is not, with the
CDS market reacting more to changes in this latsese. Further, in periods in which
shocks originated in the bond market are transchittiéo the CDS market, which we
label asspillovers we find an overreaction-effect in this last markénat is, the
information coming from the bond market has a ndirect and stronger effect on the
CDS market than the information flowing from the €Dnarket to the bond market.
Finally, the effect of the lagged basis suggesigh degree of persistence and, hence, a

relatively low speed of adjustment of the basis.

Third, motivated also by the previous evidence emsigtent bases, we address the
question of which market leads the credit-risk @ritiscovery process. To this aim, we
follow a dynamic price discovery approach, basedonzalo and Granger (1995). Our
analysis reveals that the price discovery procssstate-dependent. Specifically, the
levels of counterparty and global risk and the sesive agreements of private banks to
accept losses on their holdings of Greek bondsewotise ability of the CDS market to

provide efficient information in the price discoygrrocess. The effect of counterparty
risk is due to the perception of a lower qualitytled protection sold in the CDS market
when this risk is high. The effect of global riskutd be due to the fact that the

information contained in bond spreads is more iefficduring periods of high global

risk. The agreements of private banks to accepe®n the Greek bonds could have
caused a lack of confidence of investors in the @ket after such agreements. On
the other hand, the level of funding costs andvitlame of sovereign debt purchased
by the ECB worsens the efficiency of the bond miankehe price discovery process.

Regarding funding costs, they affect the bond yem higher extent than to the CDS
buyers, as the CDS market allows for more levergmsitions. The operations of the

ECB could have limited the quality of the infornmaticontained in the bonds prices on

the true credit risk of these assets.

The remainder of the paper is organized as folloBection 2 discusses the related
literature. Section 3 describes the data. Sectigre$ents the methodology and the
results based on the analysis of persistent demmtbetween CDS and bond spreads.
Section 5 analyses of the determinants of the b8sigtion 6 presents the results of the

dynamic price discovery test. Section 7 contaimsestinal remarks.
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2. Related literature

In this section we focus on the branch of thediiere on CDS and bonds spreads more
closely related to the three questions approachetthis paper: persistent deviations
between bond and CDS spreads, determinants of deetations, and the price

discovery process in the bonds and CDS markets.

We investigate the existence and persistency ofatiens between CDS and bond
spreads on the basis of the notion of arbitrag®diiced by Hogan, Jarrow, Teo, and
Warachka (2004). Until now, this approach has dyégn applied to corporates CDS
and bonds, in Mayordomo, Pefla and Romo (2011lajpahicular, they analyse the
existence of persistent deviations between CDS amseét swap spreads of European
corporations using the pre-crisis period (befor@&80and the crisis (after then). Their
results show that there are persistent deviatiah i the pre-crisis and the crisis

periods.

There is an extensive literature addressing theraétants of corporate bond and CDS
spreads. Although this type of analysis is less frequent foe case of sovereign
references, this topic is attracting an increasatigntion since the inception of the
EMU.* Our aim, however, is not to study the determinaftshe CDS or the bond
spreads but, rather, the determinants of the lasiest whether both markets reflect
different information. Although the analysis of tdeterminants of the basis is less
frequent than the analysis of the individual cregjireads, there are some earlier
contributions in the literature on the sovereigedirmarkets. For instance, Fontana and
Scheicher (2010) employ weekly data from Januag62@ June 2010 to analyse the
determinants of the basis to find that the soverbigses are significantly linked to the
cost of short-selling bonds and to country speeifid global risk factors. In his analysis
of the CDS-bond parity, Levy (2009) finds that thetionless parity relation does not
hold for emerging markets sovereign debt but heiesghat an important part of the
deviations can be attributed to liquidity effeckdicik (2010) relates the CDS-bond

% See, for instance, Elton, Gruber, and Agrawal {30Collin-Dufresne, Goldstein and Martin (2001),
Chen, Lesmond and Wei (2007), among others stuglyl¢herminants of the corporate bond spread. The
studies analyzing the determinants of the corpoGdS spreads include Longstaff, Mithal and Neis
(2005), and Ericsson, Jacobs and Oviedo-Helfenb¢20©9).

“ See e.g. Codogno, Favero and Misale (2003), GEyassmeier and Pichler (2004), Bernoth, von Hagen
and Schuknecht (2006), Favero, Pagano and Von Ema(@D09), Beber, Brandt and Kavajecz (2009), or
Mayordomo, Pefa, and Schwartz (2011).



basis for 21 emerging market countries between 2804 2008 to some factors
capturing bond liquidity, speculation in CDS mark€DS liquidity, equity market

performance and some global macroeconomic variabtdsy-Fisher (2010) studies the
relation between bond and CDS spreads for ten EMuhtties on the basis of a
theoretical model of heterogeneous investors’ etgtens. He shows that the basis is
consistent with a relatively small dispersion ie theliefs of investors on the probability

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 approacheswgrported by an empirical test
based on a VAR with an Error Correction Term modelr the period before the
subprime crisis a recurrent empirical finding isattithe CDS market reflects the
information more accurately and quickly than thexdanarket in the corporate sector
(see Blanco, Brennan, and Marsh, 2005; or Zhu, 2@@tong others). Most of the
analyses of price discovery in sovereign marketge hbeen applied to emerging
markets. For instance, Ammer and Cai (2007) firat Hond spreads lead CDS premia
more often than had been found for investment-gramtporate credits. Chan-Lau and
Kim (2004) find that it is difficult to conclude &h one particular market dominates the
price discovery process. Using data from eight gmgrmarket countries for the period
2003-2006, Bowe, Klimaviciene, and Taylor (2009)dfithat the CDS market does not,
in general, dominate price discovery, which appdarde country-dependent. The
recent crisis has increased the interest on thestepn in the context of the European
sovereign debt markets. For instance, Fontana ahdi@er (2010) find that since the
outset of the crisis, the bond market has a predamirole in price discovery in
Germany, France, the Netherlands, Austria, and iB@lgnvhile the CDS market is
playing a major role in Italy, Ireland, Spain, Greeand Portugal. Palladini and Portes
(2011) use data on six Euro-area countries ovepéhied 2004-2011 and find that the
CDS market moves ahead of the bond market in t&fhmice discovery. They also
show that short-run deviations from the frictioslesjuilibrium relation between bond

and CDS spreads persist longer than it would thkepiarticipants in one market to

® Analyses of the basis in the corporate credit miaiclude Trapp (2009), Nashikkar, Subrahmanyam,
and Mahanti (2008), and Bai and Collin-Dufresned@0 among others.
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observe the price in the other. Delatte, Gex, aopek-Villavicencio (2010) find that
the bond market leads the price discovery proceghi@ core European countries in
periods of relative calm while in periods of turbiite the CDS market leads the price-
formation process. In the high-yield European coast the CDS spread reflect credit
risk more adequately than the bond spreads in ¢gei0b both calm and tension but the
leadership of the CDS spread is exacerbated bwydiahturmoil. All these analyses
have been carried out based on static measuresgcef giscovery, such that a single
measure is obtained for the entire period undelysisa However, as argued by
Longstaff (2010), the nature of the price-discovprgcess in financial markets can be
state dependent. Thus, Delis and Mylonidis (2010§ys the dynamic interrelation
between bond and CDS spreads on the basis of ag@raausality test. They find
feedback causality during periods of financial idiss. As we will show later, Gonzalo
and Granger (1995) test is more useful to determihe 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 20@ctober 2011. Bond yields are
obtained from Reuters and CDS spreads from Creditk®t Analysis (CMA), which
reports data (bid, ask and mid) sourced from 30ddg firms, including major global

investment banks, hedge funds, and asset managers.

Table 1 reports the main properties of the databé&somes evident from this table,

average CDS rates vary substantially across casnamd periods. For the period 2004-
2008, the lowest average CDS spread was 5 basmsp(p) for Germany and the

highest one was 23 bp points for Greece. For theegzeriod, the lowest average bond
spread is 4 bp for both France and The Netherlamisthe highest average is 25 bp for
Greece. We note that CDS spreads are on averalgerhittan bond spreads in most of
the countries, i.e. the basis, defined as the réffiee between the CDS and bond

spreads, is positive. We observe an increase in thet average and the volatility of

® 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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CDS and bond spreads over the subsequent yeara @9 on) in most of the
countries and especially in the peripheral ones€¢€e, Ireland, Portugal, Spain and
Italy). The exceptions are Austria, Finland, and Netherlands in which the average
credit spreads in 2010 were lower than in 2002y increased again in 2011. For the
period 2009-2011, the lowest annual average CD&sdpwvas 31 bp for Finland in 2010
and the highest annual average was 2,075 bp fazc@rm 2011 (being the maximum
daily CDS spread at 6,752 bp thé"28 September, 2011). The lowest annual average
bond spread was -6 bp for Finland in 2010 and thkdst was 1,644 bp for Greece in
20117 In the last three years, the CDS spreads aren,agaiaverage, higher than the
bond spreads in most of the countries. As for tagod 2004-2008, the CDS spread is
on average higher than the bond spread in 200®, 20 2011 in most of the countries
(the exceptions are: Ireland and Portugal in 20idLGreece in 2009 and 2010).

< Insert Table 1 here>

As for the rest of the data used in the subsegestntations, the country-stock and
global risk indexes, which are proxied by meanshefimplied stock market volatility
(we use the VIX for the global indicator)), are ambed from Reuters. To capture
funding costs we use the difference between thdas80UJS AA-rated commercial paper
interest rates for financial companies and the &1dS T-bill, both from Datastream.
We employ liquidity measures for the sovereign C&fsl bonds which are obtained
from the bond and CDS bid-ask spreads. Bond bidaasks are obtained from Reuters
while CDS bid-ask spreads come from CMA. To proasythe counterparty risk on the
side of CDS dealers, we employ the CDS spreadseoi4 banks most active as dealers
in the CDS market. These CDS spreads are obtaimed €MA. The information
regarding the European Central Bank (ECB) bond lmges which took place after
May 2010 was obtained from the ECB webpage.

4. Are there persistent deviations between CDS arttbnd spreads?

Suppose that an investor buys a bond at its pailewalth a maturity equal td years

and a yield-to-maturity equal tgtm Also, assume that at the same time the investor

" The negative sign for the bond spread in Finland(10 is due to the fact that the average yielthef
Finnish bond was lower than the one of the Gernmarub
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buys protection on such reference entityTorears in the CDS market and the premium
of such contract is. The investor has eliminated the default risk eisged with 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 would violate the previous duuim relation, we apply the
statistical arbitrage test employed by Mayordomerjdand Romo (2011a). This test is
based on the notion of arbitrage introduced by Hogkrrow, Teo and Warachka
(2004) according to which, absent market frictioas, arbitrage opportunity (in an
statistical sense) represents a zero-cost, selfifing trading opportunity that has
positive expected cumulative trading profits withldeclining time-averaged variance
and a probability of loss that converges to zerdirag passes. Bearing in mind that,
within the logic of this methodology, the existenoé arbitrage opportunities is
conditioned to the absence of market frictions,our application of this test, we
interpret the results in a rather agnostic waypdrticular, we do not identify persistent
deviations between both spreads with unexploitbedrage opportunities. Indeed, when
such deviations are found we relate them, in dssital sense, to several potential

market frictions (see Section 5).

To test for the existence of persistent deviatioos the zero-basis benchmark, we first
compute the increase in the discounted tradingitprttiat an investor would obtain
under the assumption of no trading and fundingscdSpecifically, the profits from a
given investment strategy, in the sense just stated defined as the basis times the
contract notional value. We compute such profitartgrly and the payment on a given
datet is added to the trading profits accumulated fromftrst investing date to the last
date,t-1. The accumulated profits constructed in this way assumed to have been

invested or borrowed at the risk-free rate in titenm, fromt-1 tot. The cumulative
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trading profits are then discounted up to theahidiate. The increase in the discounted
cumulative trading profits at a given datss denoted bywv; and is assumed to evolve
according to the following process:

Av, = t? +ot'z, (4)
fort = 0, 1, 2, ..., nwith n denoting the last investment date and whgrare
innovations. We assume the following initial corahs: z = 0 andv, = O (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 timis ani.i.d. N(0,1)variable, the expectation and
variance of the discounted incremental trading ifmofin equation (4) are

E[av,] = 14 and Var|Av,]= 0%, respectively. Then, the discounted cumulative

trading profits generated by a given strategy Batis

v, :zn:Avt ~ N(,uzn:tg,azzn:t“J ()

t=0 t=0 t=0

We then define the log-likelihood function for thecrements in equation (5) and
estimate the parameters of interést@,a,)l) by maximizing that function using a non-
linear optimization method based on a Quasi-Nevype- 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 EP[V(t)]>0 = u>0, and
H2: ItimP(v(t)<O)=O = A<0 or >4, and

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

Statistical arbitrage requires that the expectaudutative 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@adisfied 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

& Implicit in hypothesiH3 is the idea that investors are only concerned &theuvariance of a potential
decrease in wealth. Whenever the incremental tgaghofits are non-negative, their variability istno
penalized.
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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 complemertiatye previous hypotheses (see
Jarrow, Teo, Tse, and Warachka, 2007):

H1°: u<0, or

H2°:1>0 and #-1<0, or

H3 :6-A +%s0, or

H35:6+1<0,
whereH 1 and H 2°are the complementary of hypothede¢t and H2, respectively,
while H3Y andH35 come from the complementary of hypothess If, at least, one

of the last four hypotheses above is satisfiedcarclude that no persistent deviations
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 asymptoyicaldlid test under weak

assumptions. Specifically, our analysis leads  twe-tail tests:

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).

The results of these tests are summarized in TAlRanels A and B report the results
for the period ranging from January 2004 to Sep@ma®08 for negative and positive

bases, respectively. Panels C and D report theesmonding results for the period

ranging from September 2008 to October 2011. Asvaehia Panels A and B, we cannot
reject the null hypothesis (no persistent deviajaat any standard significance level.
This result holds irrespectively of whether we gédaseither positive or negative bases.
However, after September 2008, the CDS spreadrsspently higher than the bond

spread in six cases (see Panel D) while none ofcthmtries analysed presents a
persistent negative basis, as shown in Panel C.
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< Insert Table 2 here >

As a conclusion, the above results reveal that zthi®-basis hypothesis cannot be
rejected when we consider the pre-crisis periodoalgh temporary non-zero basis are
not rare during the crisis. This last result mustibterpreted with caution since, as
argued before; a non-zero basis cannot be unddrst@zhanically as an opportunity
for arbitrage. For instance, Schonbucher (2003) sietgle (2007) emphasize that
shorting a bond with a required maturity is nota a feasible option. Moreover, the
fact that recurrent non-zero bases seem to be congduong the crisis period may be
symptomatic of the presence of other restrictiond fictions that prevent a perfect
timeless alignment between the CDS and the bonehdprand 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 casesowizero 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. Due to the observations correspunth the last months of 2010 and the
ones of 2011 included in the sample, the basis m®rastationary variable. For this
reason, instead of analysing the determinantseob#isis we study the determinants of
the relative basis, that is defined as the diffeeebetween the CDS and bond spreads
relative to the average credit spread which isiobthas the simple mean of the CDS

and the bond spreads. We consider the followingmi@l explanatory factors:
a. Counterparty Risk. In principle, the higher the counterparty risktbé seller of a

CDS is, the lower should be the CDS price charged eesult of the lower quality of

the protection. We test for this effect by using first principal component obtained
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from the CDS spreads of the main 14 banks whicteaalealers in that markeThe
first principal component series should reflect teenmon default probability and,
hence, it is akin to an aggregate measure of crarty risk*® Actually, the first
principal component for the series of CDS spreddhis set of dealers explains 87.5%
of the total variance of the observed variables. We the counterparty risk variable
lagged one period to avoid any problem of endodgrserived from the potential

contemporaneous effects of the banks’ activityrendovereign credit spreads.

b. Liquidity. In theory, one would expect that higher liquidity the bond market
relative to the CDS market would go hand in hanthwa higher basis, since a more
liquid bond implies a lower spread in that markeo. test for this relative liquidity
effects, we construct a ratio of relative liquidibetween the CDS and the bond.
Specifically, the degree of liquidity in the CDS ket is proxied by the bid-ask spread
of the CDS premium. The higher this spread is,|tmeer is the degree of liquidity in
the CDS market. A similar measure of liquidity mngputed for the bond market. The
ratio between both measures is taken as indicafiike relative liquidity in the CDS
market vis-a-vis the bond market. As this raticesisliquidity in the CDS market
relative to the bond market falls and so, the basisld, in principle, increases.

c. Financing Costs One would expect that higher financing costs dolawer the
demand for bonds and could lead to a decreaseigasprand hence, to higher bond
spreads. The effect of funding costs on CDS sprehdald be lower given that in this
case the required amount of funding to get the s@meess) risk position is lower (i.e.
risk-leverage is higher in the case of the CDS stiwent). For this reason, in principle,
an increase in financing costs would have a negatifect on the basis. Due to the
difficulty in obtaining data on institution-levelmding constraints, we use the spread
between financial commercial paper and T-bill rate® common proxy for the funding

constraints faced by financial intermediaries,re8c¢harya, Schaefer and Zhang (2007).

° 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.
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Specifically, we use the spread between the 90dayAA-rated commercial paper
interest rates for the financial companies and®heay US T-bill.

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 premia on the basis shdaddno significantly different from
zero. However, a significant non-zero effect woslehgest that one of the markets
reacts more to changes in the risk premiums tharother. To control for the fact that
this idiosyncratic and global volatility could baged differently in the two markets, we
use the previous risk factors as additional exptagavariables. The country-specific
risk premium is proxied by means of the stock mavidatility, defined as the absolute
value of the stock index returns. The global ris&npium or global risk is proxied by
means of the VIX Index. The correlation between ¥ Index and the counterparty
risk variable is around 0.8. Thus, in order to dvany multicollinearity problem, we
modify the VIX Index variable and define it as thesidual of the regression of this
variable onto the first principal component CDSegigls corresponding to the main
CDS dealers such that counterparty risk and the &feXnow orthogonal variables.

e. Bond-CDS Spillovers:We here use the notion spillovers between the CDS and
the bond markets as the variation in the CDS (bspckad that is not attributable to its
past values but to contemporary shocks to the {@@S) spread. To measure such
spillovers or contagion-effects, we use a procedased on Diebold and Yilmaz's
(2010) methodology (see Appendix A.1 for detaild)e Bond-CDS spillovers variable
is obtained after computing the ratio between gikosers flowing from the changes in
bond spread to the CDS spread relative to spilWem the CDS to the bond spread
changes. This variable reflects the increase hmeegpread due to a direct effect coming
from the other markét: A positive sign implies that when the ratio inaes, then the
basis widens, or in other words, that the CDS spmereases with respect to the bond

spread.

' We work in relative terms because the dependeiahie is the difference between both credit spsead
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f. Volume of debt purchased by the European CentraBank: We use as an
additional explanatory variable the amount of seigr debt purchased by the ECB in
the secondary market from May 2010 onwards. THimrimation is available only on a
weekly basis and so the effect of the ECB debtimses is proxied by means of the
amount of debt that was purchased the week previoute current date. These
purchases are supposed to decrease both CDS addspeeads but, in principle, it is
natural to think that they would have a more direffect on the bond price. Thus,
following these interventions, the bond spread walkcrease to a higher extent than

the decrease in the CDS spread, thus affectingiyelgito the basis.

g. Lagged basisThe lag of the basis should absorb any past infbomaransmitted
into the current observation. Due to the existenicpersistent deviations between the

CDS and bond spreads documented in Section 4, pecea positive sign.

We estimate the coefficients for the above varmldé interest for the period which
spans from January 2004 to October 2011 usinge{fetfects estimation procedure
that is robust to heteroskedasticity. We use tredtiap methodology to correct for any
potential bias in the standard errors due to tleeaigyenerated regressors. The results
are reported in Table 3. Column 2 of that tablerepthe standardized coefficients (i.e.,
the regression coefficient as in Column 1 multghlley one standard deviation of the
corresponding explanatory variable). All the valggbincluding the dependent variable,
are expressed on a per unit basis with the exgepficghe volume of bonds purchased

by the ECB in a given week which is defined inibik of euros.

The counterparty risk proxy has a negative andifsignt effect, as expected, which
confirms its relevance on the levels of the CDSagds. Funding costs have a negative
effect due to their stronger effect on the demasdbobnds relative to the demand for
CDS that require a lower amount of funding. A loegcee of liquidity in the CDS
market relative to the bond market has a positifecegiven that a more liquid CDS
implies a lower CDS spread. The global risk vaeald not significant which may
suggest that both markets reflect global risk teimilar extent. Nevertheless, the
country-specific risk measure seems to be pricdferdntly in both markets. The
positive and significant effect could be explairgdthe fact that the CDS spread is
more affected by increases in the country speasic premium. We also find that the
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shock-spillovers ratio has a positive and signiftcaffect. That is, when the shock
transmission from the bond to the CDS market dotagghe shock transmission in the
opposite direction, then the basis widens. One @oon implication of this empirical
finding is that in periods in which the ratio ofilkpvers from the bond market to the
CDS market increases we obseoateris paribusa relative overreaction in the a CDS
market and thus, the CDS spread will signal a geomefault probability for a given
reference name than the bond spread. In line Wehdsults of the previous section, we
find a high level of persistency in the relativesisa 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 relative basferd, on average, from zero and the
magnitude of such deviation. We observe that thHative basis is on average
significantly positive, suggesting that the bond<Equivalence relation does not hold
even when we take into account the market frictidescribed above and the costs that
are needed to trade the basis. Nevertheless, gaitude is low relative to the average
relative basis during the period 2004 — 2011 (2P4tike to 32%). Thus, when we take
into account the determinants of the basis, thenmhade of the average relative
deviation is close to zero and is reduced in 93.7%%s result confirms the strong
influence on these determinants to guarantee thd-B®S equivalence relation.

The relatively high R-square of this regressiomanly due to the effect of the lagged
basis. However, it should be noted that the exptapavariables retain a relatively high
explanatory power even when we ignore the laggsgsbe which case the R-square is
0.29. Actually, this is of a similar magnitude bketone reported by Trapp (2009) on a
daily basis for corporates using firm fixed-effebigt ignoring the effect of the lagged

basis.

In Column 2 we report the standardized coefficieAtsexpected, the strongest effect is
the one corresponding to the lagged relative basisong the rest of the variables, the
strongest effects are the ones coming from theteoparty risk and the financing costs.
An increase equal to one standard deviation in @nthe previous variables would
diminish the relative basis in -0.7%.

< Insert Table 3 here >
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6. Price-discovery analysis

An efficient price discovery process is characetiby a quick adjustment of market
prices from the old to the new equilibrium as nefoimation 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
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 followiwngctor error correction model
(VECM) specification:
p p
(ABSpr J:a(BSp(_l—ﬁz—IBSCDSSp[r_l)+ ipzzl:/lliABSp[_i . iZ:l:JLiACDSPF—i {Uu]@

ACDSS p
ol D A,iBBSSpr; | | Y8,/ ACDSSHL,

i=1 i=1

Uzt

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.CDSSpr,), where [, andfB; are estimated in an auxiliary
cointegration regression and the parameter vegtor (ai, ap) contains the error-
correction coefficients measuring each price’s eige 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, - 8, - B,CDSSpr,). The parameterk; , A,;,d,;, and J,; for i= 1,..p,

with p indicating the total number of lags, contain tleefticients of the VAR system
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that measure the effect of the lagged first difieesin the CDS and bond spreads on the
first difference of such spreads at tiié Finally, u; denotes a white noise vector.

The price discovery metric for the bond and CDS ket; denoted b¥Gong and
GGcps, respectively, can then be constructed from teenehts of the vectar’, which
contains the coefficients that determine each ntarkentribution to price discovery:

a, __ o
— o+ ) GGCDS P
a, +a, a +a,

GGgyrg =
Given thatGGgongt+ 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 discp metric.

In order to apply the methodology outline abovetovide a dynamic metric of price-
discovery leadership in the two markets at stalegestimate 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. A firgeresting feature is that, on average,
the estimated metrics do not seem to be very semsd the window length. Based on
this, in the remaining of the paper we focus or0Q;fay windows? Using rolling
windows with a length of 1,000 observations, wealfihat both CDS and the bond
spreads are found to be non-stationary in all tmtries and dateé.We next apply the
cointegration test to a total of 990 1,000-day winvd for each of the ten countries to
find cointegration between both spreads in 6,2%&£464% of the total). In particular,

the country with the lowest (highest) percentageahtegration relations is Finland

2The optimal number of lags is determined by mednkseoSchwarz information criteria.

3 On the one hand, the 500-day windows enable usptiate the influence of the new observations
quicker than the 1,000-day windows and to estintia¢eprice discovery metrics for the years 2006 and
2007. On the other hand, the 1,000-day windows lenab to consider a higher number of price-

discovery metrics per day and country due to thistemce of a higher percentage of cointegration
relations for these windows. Actually, the year@@@nd 2007 present the lowest number of days with
cointegration relations per year.

4 The number of lags employed in the unit root testhosen according to the Schwarz information

criterion.
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(Portugal) with cointegration in 41% (83%) of thendows. As we increase the window
length, we find a higher number of cointegratiolatiens and unit roots.

Figure 1 shows the estimated price-discovery mérithe 1,000-day windows for two

groups of countries in the sample, peripheral amdral™ In particular, we report a 30-

day moving average of the mean price-discovery ingetwhich is obtained as an

equally weighted mean across the ten euro areatregginAn important message

steaming from Figure 1 is that the price discovemgtrics are not static but rather
evolve over time, with the relative leadershipled CDS market in the process of price-
discovery being more pronounced around some spetates.

Specifically, before the Lehman Brothers collagse €DS market leads sovereign risk
price discovery. This finding is consistent withethesults reported by, e.g., Blanco,
Brennan and Marsh (2005), or Zhu (2006) in the &anof the corporate debt markets.

The first noticeable rise in the relative leadgushii the bond market took place around
February 2008, around the collapse of Bear Stedtfterwards, in September 2008,

coinciding with the fall of Lehman Brothers and Ate bond price discovery metric

again jumps to reach its highest value at the dn2068. This pattern suggests that
during these two specific episodes, Bear Steardd.ahman-AIG, the bond spread led,

although by a small margin, the price discoverycpss. The price discovery metrics
show the last significant rebound around the enduwsie 2011, some days before the
proposal for agreement made by some private bankislly 2011 to accept a loss of

21% on their Greek bonds under the implicit prestionpthat such a voluntary deal

would not trigger a credit event that would call floe activation of the CDS protection.

Following this, in August 2011 the bond market lmeeathe leader in terms of price

discovery confirming the role this market during timost recent phase of the crisis as
the fairest source of information of credit riSk.

From a different perspective, we observe a decogptietween the price-discovery
measure for the core and the peripheral countraaa the end of 2008 until mid-2011.
Starting from the end of 2008, it is worth notirat for most of the time the relative

!> 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.

'8 This result is in line with the role of the bondarket as an appropriate credit risk measure inscris
periods found by Mayordomo, Pefa, and Romo (20fditihe corporate case.
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efficiency of the CDS market in the peripheral emoies is significantly higher than
for the core countries, where the bonds marketaddeads the price discovery process
for most part of 2009. The difference between tht@reated price discovery metric for
both groups of countries widens further during 20TIRis pattern, which is mainly
motivated by a sharp increase in the relative iefficy of the CDS market, may be
reflecting the ECB policy of buying sovereign debsued by peripheral countries.
Another potential explanation is the use of theeamuntries sovereign debt as a reserve
asset during periods of heightened aggregate wamagrtduring which investors’
perception of risks change dramatically in a wagt tinay not be easily reconciled with
risk attitudes observed in normal tinés.

This core-peripheral countries decoupling peraisisi May 2011 when we observe a
similar trend in both groups of countries improviggnerally the power of the bond
market to lead price discovery. In particular, aflaly 2011 the bond market moves
ahead the CDS market. This result could be dueh# ihcrease of overall risk
perception but also to a lack of confidence ofitagbnal investors in the CDS market
after the aforementioned proposal for an agreemérianks to accept a voluntary
haircut on their Greek bonds without activatiortlod CDS contracts. This explanation
would fit well with the fact that the price discayemetric for Greece jumps from a

value near zero in April 2011 to one in July 2011.

< Insert Figure 1 here >

Figure 2 shows the estimated price-discovery nmefdcthe 1,000-day windows for the
same two groups of countries (peripheral and doweshowing the number of countries
for which we can implement the Gonzalo and Grarsgeréthodology (i.e. unit roots in
both the CDS and bond spreads series are founta@hdpreads are cointegrated). The
darker the line is, the higher is the number ofntoes for which the analysis can be
implemented. We observe that for most of the tithe,analysis can be implemented on
four or more countries. Actually, it can be implertesl on eight or more countries for
some rather long time-windows from the beginnin@@®8 to the end of 2009.

17 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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< Insert Figure 2 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 it can be appliddrtger time-windows 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 firithtt before 2008 none of the credit
spreads causes the other. Afterwards we find adgidbnal causation relation in the
peripheral countries. Thus, attending to the Gramgeisality test we cannot clearly
differentiate whether the bond or the CDS markadl lthe process of price discovery in
the peripheral countries. In the core countriesolgerve that 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 follotwedDelis and Mylonidis (2010) to

estimate the dynamic price discovery process. @sults are consistent with the ones
that the previous authors found for the counttey tstudy (Greece, Italy, Portugal, and
Spain): a bidirectional causation of credit spreadbe peripheral countries after 2008.
However, these results confirm that Granger cays#dist is not so informative to

determine which market leads the price discoveycgss, as it is the case in the
peripheral countries, while Gonzalo and Grangershodology enables us to conclude

which market leads at every date.

6.2. An analysis of the determinants of market leagtship in price-discovery
In this section we aim at shedding some light om dynamic pattern of the price-
discovery metrics estimated before, by regresdiegnton some potential explanatory

factors.

Specifically, for each country, we construct a dwrwariable 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
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1,000 observation$, and then it is used as the dependent variatdeliogit regression
that includes as regressors the same used inghesston contained in Table 2, with the
exception of the lagged basis and the relativdosqgits measure. This last variable is
not included due to potential endogeneity probleiV& consider these regressors
because they have been found to have a signifeféetdt on the deviations from a zero-
basis. Hence, as this shows that the effect of segiessors is not reflected in the same
way in the two markets, it seems natural to comdiugt one market could capture better
than the other the effect of each determinant @tidsis. Additionally, as argued before,
the role of the two markets providing efficientaniation on credit risk could have
been affected by the agreement of banks to acospé$ on their Greek bonds. For this
reason, we also use as an additional regressomanguwariable that is equal to one
after the agreement of banks thé'af July 2011 to accept 21% losses on their Greek
bonds and zero before that date.

The results are reported in Table 4. Columns 13anebort the results obtained when
we use daily and monthly price discovery metriespectively, for the period which
spans from December 2007 — October 2011. Colucontains the marginal effects of
the coefficients reported in Column 1. The margefécts of the dummy variables are
obtained as the discrete change (from 0 to 1) endbrresponding variable. All the
explanatory variables, including the dependentalde, are expressed in percentages
with the exception of the bonds purchased by th& BC a given week, which is
defined in billions of Euros, and the dummy hairagteement by banks, which is equal
to one after the 21st of July 2011 and zero befwa.

One might expect that the higher the counterpaskyis, the lower should be the power
of the CDS market to reflect adequately the cradk due to the lower quality of the
protection sold in this market and, perhaps, theetainty around such quality. The

sign is the expected (positive) and significant.iAcrease equal to one percentage point

'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 e@alfithe dummy is imputed whenever there is another
observed value within the next month which coinsiaéth the previous price discovery value observed
and persists at least in the next ten observatibafter a given date there are not cointegrateations

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@ymihe price discovery metric directly, which is a
concrete value comprised between 0 and 1, butasdstssign a value one or zero to such metrics, thus
softening such strong assumption. We impute 16#%efotal observations.
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in the counterparty risk measure would increasectmribution of the bond market to
the leadership of the price discovery process Byp%b.

As argued before, funding costs affect more negbtithe bond market relative to the
CDS, as this last market allows for higher-levedagesitions. This could explain that
the funding costs affect negatively to the abidifythe bonds market for anticipating the
price of credit risk relative to the CDS marketeSifically, we find that an increase of
1% in financing cost would decrease the estimatemk{oliscovery metric by 23.6%.

Somewhat surprisingly, the degree of liquidity e tCDS market relative to the bond
market does not affect significantly to the pricgcdvery metric.

In line with the results obtained by Mayordomo, ®#e&find Romo (2011b) the bond
spreads tend to reflect credit risk more efficigrilan CDS spreads during periods of
high global risk (high values of the VIX Index). Gime contrary, the country specific
risk premium proxied by means of the absolute valuie returns of the national stock

index is not significant at any standard significatevel.

If the ECB’s demand for debt relatively inelasticttwrespect to its price then the
information embedded in the prices formed in thatkat could become less revealing
of the fundamental value of the corresponding bofitiss hypothesis is confirmed by
the significant and negative sign of the variabdépresenting the total amount of
sovereign debt purchased by the ECB. Contrary eoatialysis of the determinants of
the basis in which we employ the amount of debtipased the previous week, we use
the cumulated amount of debt purchased until the giaen that we are using historical
information on bond and CDS spreads to construetpifice discovery metrics. An
increase of $1 bn in the total amount of debt paseld by the ECB lead to a decrease of
-0.3% of the ability of the bond market in termspoice discovery. The total amount
purchased by the ECB at the end of the sample péBatober 2011) was $180.5 bn.
Such an increase could have contributed to a 54%nfthe estimated price-discovery
metric, thus leading to a large deterioration of thegree of efficiency in the bond

market.

The proposal for an agreement among private banlslly 2011 to accept a voluntary

loss on their Greek bonds seemed to play in favdherelative efficiency of the bond
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markets, according to the positive and significeffiéct of the corresponding dummy
variable. Specifically, after July 21st 2011, wedfia fall of 17.8% in the contribution of

the CDS market to the price discovery process.

Finally, we note that the use of daily price disegvmetrics obtained with 1,000-day
rolling windows implies that the new informationdad in a given day is small relative
to the information of the other 999 days which sssfrom one estimation to the next
one. Faced with this, we check whether the reswdtd independently on whether we
use daily or monthly price discovery metrics. Tloeresponding results are reported in
Column 3. The comparison of the results reporte@olumns 1 and 3 confirms that the

results are robust to the use of daily or monthéfrios.

< Insert Table 4 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 environmiegesooth 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 pemsigtpositive basis for the crisis period

in a number of countries.

Based on the previous finding, we analyse the@bkome potential determinants of the
basis, including several sources of risk (countegypaountry-idiosyncratic and global),
and market frictions. In particular, we find th&etcounterparty risk indicator has a
negative and significant effect on the basis. Fogdiosts have a negative effect on the
basis while a high liquidity in the bond marketatele to the CDS market has a positive
effect. Although the effect of the global risk \abie is not significant, the country
specific risk premium measured by means of thekstoarket index affects positively to
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the basis. In periods in which shocks originatethasbond market are transmitted into
the CDS market, which we interpret as spilloverscontagion-effects, we find an
overreaction-effect in this last market. The EumpeCentral Bank’s purchases of
sovereign debt in the secondary market initiatedviay 2010 are found to affect

positive and significantly to the basis.

Finally, we conduct a dynamic analysis of marketdirship in the price discovery
process. An important result here is that the pdisgovery process is clearly state-
dependent. Specifically, the levels of counterpantyg global risk, funding costs, the
volume of debt purchases by the European Centrak Ballowing the rescue of the
Greek economy and the subsequent proposal for reeragnt among private banks to
voluntarily accept losses of their Greek bondsadréound to be significant factors in

determining which market leads price 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 (0fo measuring directional
spillovers in a generalized VAR framework that etiates the possible dependencies of
results on ordering. The spillovers between the GIB& bond spreads here estimated
can be interpreted as the degree of variationenctranges of the CDS (bond) spreads
that is not attributable to their historical infaation but to contemporary shocks
(innovations) in the changes of the bond (CDS) agse This indicator of contagion
takes higher values as the intensity of the coatagiffect which is caused by the
specific shocks of the bond (CDS) market increasethe extreme case in which there

IS no contagion from the bond to the CDS markeiridecator series is equal to zero.

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

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

disturbances such that the moving average repaigemts X, => A, Where the

i=0

-1

NxN coefficient matriceg\ obey the recursio =®,A_ +®,A_, +..+ D A_ |, with
Ao being anNxN identity matrix andA=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 asé,, => Ag,,.,, and the variance covariance matrix of the total
h=0

H
forecasting error is computed aSov(¢,,)=> AZA' where X 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

variances of each variable into parts attributéblhe various system shocks. By means
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of this variance decomposition we can obtain thapertion of theH-step-aheacerror

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

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 spilloverBnetk as the fractions of thd-step-

aheaderror variances in forecastig due to shocks ¥, fori, j =1, 2, ..., Nsuch that
| # J. TheH-step-aheadorecast error variance decompositions are dertoyeff (H),

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

H —
ot

LN

ii (QAlzej )2
6’ (H) = H_TO‘ ' )
(6azAe)

h=0

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 ttieelement

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

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

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

- &°%(H
PH=

267 (H)

i=1

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

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

19 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,
and standard deviation) for different time peri¢a804 - 2008, 2009, 2010,
and 2011). The bond spreads are obtained as tferedife between the
country A’s yield and the German yield.

Bond CDS

Mean 7 8

2004-2008 o4 pev. 12 21

Mean 52 104

Austria 2009 Std.Dev. 25 49

2010 Mean 42 79

Std.Dev. 12 13

Mean 59 90

2011 Std.Dev. 14 33

Mean 9 8

2004-2008 o4 Dev. 17 14

Mean 49 63

Belgium 2009 Std.Dev. 29 33

g 010 Mean 57 110

Std.Dev. 27 43

Mean 136 187

2011 Std.Dev. 47 51

Mean 5 6

2004-2008 o4 Dev. 12 9

Mean 34 37

. 2009 Std.Dev. 21 19
Finland

2010 Mean -6 31

Std.Dev. 13 3

Mean 18 44

2011 Std.Dev. 26 18

Mean 4 6

2004-2008 o4 pey, 9 9

Mean 23 40

France 2009 Std.Dev. 12 20

2010 Mean 24 70

Std.Dev. 8 18

Mean 41 107

2011 Std.Dev. 18 39

Mean 5

2004-2008 Std.Dev. 7

Mean 36

German 2009 Std.Dev. 18

y 2010 Mean 40

Std.Dev. 8

Mean 58

2011 Std.Dev. 20
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Table 1 (Cont.): CDS and Bond Spreads Descriptivet&istics

Mean 25 23
2004-2008 o\ e, 36 36
Mean 166 165
Greece 2009 Std.Dev. 78 54
2010 Mean 779 682
Std.Dev. 290 242
Mean 1644 2075
2011 Std.Dev. 506 1452
Mean 4 6
2004-2008 o\ e, 8 12
Mean 30 53
2009 Std.Dev. 18 30
The Netherlands
2010 Mean 19 45
Std.Dev. 7 8
Mean 24 55
2011 Std.Dev. 16 22
Mean 9 13
2004-2008 o e, 20 31
Mean 151 190
reland 2009 Std.Dev. 56 62
2010 Mean 262 302
Std.Dev. 164 154
Mean 821 730
2011 Std.Dev. 235 145
Mean 19 19
2004-2008 o e, 25 27
Mean 74 103
ltal 2009 Std.Dev. 32 39
y »010 Mean 109 165
Std.Dev. 40 42
Mean 218 246
2011 Std.Dev. 101 115
Mean 13 14
2004-2008 o4 pev. 20 19
Mean 71 76
Portuaal 2009 Std.Dev. 37 27
g 010 Mean 251 203
Std.Dev. 111 116
Mean 918 767
2011 Std.Dev. 366 273
Mean 8 12
2004-2008 o4 pDev. 15 20
Mean 54 89
Spain 2009 Std.Dev. 30 26
P 010 Mean 152 205
Std.Dev. 74 67
Mean 257 295
2011 Std.Dev. 66 64
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Table 2: Statistical Arbitrage Test for the Existerte 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 betweeoduntry A’'s bond yield and the risk-free
rate which is equal to the German bond yield. PafAeand B report the results for the period
ranging from January 2004 to September 2008 for -B& negative and positive bases,
respectively. Panels C and D report the resultshferperiod which spans from the collapse of
Lehman Brothers (September 2008) to October 200 CH$5-bond negative and positive bases,
respectively. *** (** and *) indicates the existemof 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

34



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 1.000 No
France 1.000 No
Greece 0.641 No
The Netherlands 1.000 No
Ireland 1.000 No
Italy 0.650 No
Portugal 0.734 No
Spain 0.753 No

Panel D: Persistent Positive Basis After Lehman Brothers Collapse

P-value Persistent Mispricing
Austria 0.016 Yes**
Belgium 1.000 No
Finland 0.963 No
France 0.043 Yes**
Greece 0.968 No
The Netherlands 0.003 Yes***
Ireland 0.047 Yes**
Italy 0.034 Yes**
Portugal 1.000 No
Spain 0.041 Yes**
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Table 3: Determinants of the basis
This table reports the effect of the potential dateants of the basis based
on a fixed effects regression robust to heterositagiy. Column (1) reports
the effect of such determinants for the period Whipans from January
2004 — October 2011. This column contains the ewgitay variables’
coefficients and the standard errors between btacke* (** and *)
indicates whether the coefficients are significahi& significance level of
1% (5% and 10%). The bootstrap methodology is eygaldo correct any
potential bias in the standard errors due to tleeaiggenerated regressors.
Column 2 reports the standardized coefficient ,(itbe regression
coefficient as in Column 1 multiplied by the stardideviation of the
corresponding explanatory variable).

@) &)

Counterparty risk -0.264~ -0.007
(0.06)

Ratio CDS/bond liquidity 0.003* 0.002
(0.00)

Financing costs -1.325= -0.007
(0.34)

Global risk (VIX) net of counterparty risk -0.021 001
(0.02)

Volatilty of country stock index returns 0.372~ 0.004
(0.12)

Bonds purchased by ECB 0.002* 0.002
(0.00)

Shock spillovers from bond to CDS spreads| 0.005* 0.003

relative to spillovers from CDS to bond spreads (0.00)

Lagged relative basis 0.938* 0.569
(0.01)

Constant 0.022+
(0.00)

Number of observations 15,152

Wald Chi2 statistic 46,315

Prob>Wald Chi2 0

Adjusted R-squared 0.913
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Table 4: Determinants of the Price Discovery Metris

This table reports the effect of the potential dateants of the price discovery metrics using
a panel fixed effects Logistic regression robusheteroskedasticity. The standard errors are
clustered by country.The price discovery metrice abtained from the Gonzalo and
Granger’s (1995) methodology using rolling windoefsl,000 observations. The dependent
variable takes value 1 when the bond spread refteetinformation more efficiently than the
CDS spread while a value equal to O indicatesttt&tCDS spread leads the price discovery
process. The bond spread is defined as the differbatween the country A’s yield and the
German yield. Column (1) reports the results oletdivhen we use daily price discovery
metrics for the period which spans from Decembe®@726 October 2011. Column (2)
includes the marginal effects of the coefficiemtiolumn (1). Column (3) reports the results
obtained when we use monthly price discovery metfar the same period. The sample
length is due to the use of the first 1,000 obg@wma to estimate the price discovery metric.
The table contains the explanatory variables’ ¢oefits and the standard errors between
brackets. *** (** and *) indicates whether the céefents are significant at a significance

level of 1% (5% and 10%).

) 2 3
Counterparty risk 0.287+ 0.035 0.263*
(0.07) (0.10)
Ratio CDS/bond liquidity 0.000 0.000 -0.003
(0.00) (0.00)
Financing costs -1.932 -0.236 -1.897
(0.53) (0.48)
Global risk (VIX) net of counterparty risk 0.0506* 0.006 0.092~+
(0.02) (0.04)
Volatility of country stock index returns -0.001 om -0.251
(0.05) (0.44)
Bonds purchased by ECB -0.024 -0.003 -0.012~
(0.01) (0.01)
Dummy haircut agreement by banks (July 11) 1.453+ 0.178 2.452
(0.73) (0.84)
Constant -1.987 -1.223
(0.35) (0.82)
Number of observations 8295 379
LR Chi2 statistic 3750 101
Prob>Wald Chi2 0 0
Log pseudolikelihood -2888 -142
Pseudo R2 0.394 0.398
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Figure 1: Price Discovery Metrics for Groups of EMU Countries with 1,000-day
rolling windows. This figure shows the 30-days moving average eftice discovery
metrics for the peripheral, core, and all the EMidirtries. The price discovery metrics
are estimated using 1,000-day rolling windows. Ehmetrics for the groups of countries
are obtained as the equally weighted average ofcthumtry specific price discovery
metrics. The price discovery metrics for Greeceraspond to the 30-days moving
average of the metrics for this country.
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Figure 2: EMU Price Discovery Metrics and Number of Countries Employed in
their Calculation: This figure shows the 30-days moving average efEMU countries
price discovery metrics that are obtained usin@Q-@ay rolling windows. These metrics
are obtained as the equally weighted average ofcthumtry specific price discovery
metrics. The line shows the number of countries Hra employed to calculate the
average metric such that the darker the line, tighen is the number of countries
employed in its calculation.
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