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The determinants of option-adjusted delta credit
spreads: a comparative analysis of the United States,
the United Kingdom and the euro area

Bank of Finland Research
Discussion Papers 34/2009

L eonardo Becchetti — Andrea Carpentieri — Iftekhar Hasan
Monetary Policy and Research Department

Abstract

We analyse the determinants of the variation of option-adjusted credit spreads
(OASs) on a unique database that enlarges the traditional scope of analysis to
more disaggregated indexes (combining industry, grade and maturity levels), new
variables (volumes of sales and purchases of institutional investors) and a
complete set of markets (besides the United States, the United Kingdom and the
euro area). With our extended set of regressors we explain aimost half of the
variability of OASs and find evidence of a significant impact of institutional
investors purchases and sales on corporate bond risk. We also find that US
business cycle indicators significantly affect the variability of OASs in the United
Kingdom and the euro area.

Keywords: option-adjusted credit spreads, delta, corporate bond risk, institutional
investors, business cycle indicators

JEL classification numbers; G12, G32, E44



Mitkatekijét selittavat optioilla oikaistujen
|uottokorkoerojen vaihteluita Y hdysvalloissa,
| sossa-Britanniassa ja euroal ueel |a?

Suomen Pankin keskustel ual oitteita 34/2009

L eonardo Becchetti — Andrea Carpentieri — Iftekhar Hasan
Rahapolitiikka- ja tutkimusosasto

Tiivistelma

Tassa tutkimuksessa tarkastellaan empiirisesti optioilla oikaistujen luottokorko-
erojen vaihteluiden maadraytymistd. Tyossa kaytetdan ainutlaatuista havainto-
aineistoa, jonka avulla perinteisia tarkasteluja voidaan lagjentaa yksityiskohtai-
sempiin hintaindekseihin, uusiin selittéviin muuttujiin seka kaikille markkinoille.
Kaytetyt hintaindeksit voidaan esittéa toimiala-, riskiluokitus- ja maturiteettitasol -
la. Uusia muuttujia ovat mm. myynnin méara ja institutionaalisten sijoittgjien
ostot. Havaintoaineisto mahdollistaa tarkastelujen lagjentamisen myds Y hdys-
valtain, Ison-Britannian ja euroalueen ulkopuolisiin markkinoihin. Regressio-
analyysissa kaytetty lagennettu muuttujgoukko selittda |ahes puolet optioilla
oikaistujen luottokorkoerojen vaihtelusta, ja estimointitulosten mukaan institutio-
naalisten sijoittajien ostoilla on tilastollisesti merkitseva vaikutus yritysten liik-
keelle laskemien joukkolainojen riskiin. Y hdysvaltain talouden suhdanneindikaat-
torit vaikuttavat liséks merkittavasti optioilla oikaistujen luottokorkoerojen vaih-
teluun Isossa-Britanniassa ja euroal ueel la.

Avainsanat: optioilla oikaistut luottokorkoerot, delta, yritysten joukkolainojen
riski, institutionaaliset sijoittajat, suhdanneindikaattorit

JEL -luokittelu: G12 G32, E44
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1 | ntroduction

The empirical analysis on the determinants of bond returns has greatly benefited
in the last decades from the progressively enhanced availability of data. In the first
empirical papers in this field, Fama and French (1989, 1993) evaluate the
relationship between aggregate stock and bond returns. Cornell and Green (1991)
and Kwan (1996) analyse the relationship between the two markets at aggregate
and firm level. Their main results are that low grade bond returns are relatively
more correlated with stock returns, while high grade bond returns with
government bond returns.

More recent empirical analyses have changed their focus from bond yields to
changes in the yield differential between corporate and government returns at the
same maturity (delta credit spreads). The advantage of credit spreads is that they
measure the excess return required by investors for the additional risk involved in
holding corporate instead of government bonds. In this perspective, delta credit
spreads represent a good proxy of the dynamics of corporate credit risk.> The
sources of risk affecting credit spreads are generally considered to be at least five:
1) default risk of bond issuers; ii) risk perception by market investors; iii) observed
and expected dynamics of financia volatility; iv) uncertainty about default timing;
V) uncertainty about the recovery value, or the value reimbursed to bondholders at
maturity. Business cycle is obviously an important driver for many of these risks.

The empirical literature on the determinants of delta credit spreads is still at
its infancy and includes not many contributions. Pedrosa and Roll (1998) provide
afirst descriptive analysis of delta credit spreads for fixed bond indexes, classified
for grade, industry and maturity. Collin-Dufresne, Goldstein and Martin (2001)
explain around 25 per cent of variability of delta credit spreads of Lehman
Brothers US bond investment grade indexes. The authors find that regression
residuals are highly cross-correlated and their principal component analysis shows
that spread variability is largely explained by a principal component, which they
interpret as generated by local demand and supply shocks. Elton, Gruber, Agrawal
and Mann (2001) explain corporate bond returns mainly in terms of systematic
nondiversifiable risk premium and, after that, default risk premium and fiscal
components. Using the three-factor risk model of Fama and French (1995), they
explain up to 30 per cent of the variability of the spreads not explained by the
default risk.? Huang and Kong (2003) use nine Merrill Lynch investment grade
and high yield US indexes and explain up to 30 per cent of investment grade and

! This argument is consistent with pratictioners behaviour if we consider that investment bank
proprietary desks use to be long on corporate bonds and short on government bonds when they
want to assume credit risk, but not interest rate risk.

2 Elton, Gruber, Agrawal and Mann (2001) goal is to explain the determinants of risk premium in
corporate bonds. Their conclusion is that large part of it is determined by systematic risk as in
equities.



60 per cent of high yield credit spreads. Schaefer and Strebulaev (2004) in a
general framework show that structura credit risk models, even if are poor
predictor of corporate bond prices, can be good at predicting the sensitivity of
bond returns to changes in equity value.® Ericsson, Reneby, Wang (2006) analyze
US corporate bonds and CDS spreads, highlighting the importance of omitted risk
factors. Comparing actual with theoretical spreads, they find that CDS do not
underestimate spreads as corporate bonds; the latter should then include in their
premia non-default risk factors as illiquidity. De Jong and Driessen (2005) show
that liquidity risk is a priced factor for the expected returns on corporate bonds,
explaining a risk premium between 0.45% and 1% for long term investment grade
and speculative grade bond expected returns, respectively. Boss and Scheicher
(2002) make one of the first attempts on analyzing Euro corporate spreads. They
use 2 Euro indexes, Industrial and Financial, and swap data. Their finding is that
mainly interest rate variables explain spread changes, and, in alesser extent, stock
market variables. Avramov, Jostova and Philipov (2005) analyse US corporate
bonds, using aggregate and firm level variables as regressors. They find that
individual volatility and price-to-book ratio play a role in explaining credit
spreads of corporate bonds. Longstaff et a (2005), using CDS and corporate
bonds, find that the majority of corporate spread is due to default risk, while the
residual is timewvarying and correlated to bond-specific issues and
macroeconomic measures of bond market liquidity. These results contrast with
other works (among the others, Elton et a, 2001; Huang and Huang, 2003) that
report that default risk accounts for only afraction of corporate bond spreads.

Not all recent works focus on credit spread changes, preferring to investigate
levels instead of differences. Campbell and Taskler (2003) and Cremers et al
(2005), among the others, choose to analyze corporate yield levels. However,
differences are harder to explain than levels, and therefore a regression on the
former should provide a more stringent test. Ericsson et a (2004), using CDS
premia both in levels and differences, find that leverage, volatility and interest
rates are important determinants of CDS premia, explaining 60% of variability for
levels, but only 23% for spread changes. We will focus, therefore, on corporate
spread changes.

The goa of this paper is to extend the analysis on corporate spread changes
for the first time to more disaggregated indexes (combining industry, grade and
maturity levels), new variables (volumes of sales and purchases of institutional
investors, monthly data on downgrades and defaults) and a complete set of
markets (besides US, UK and the Eurozone), focusing in the meantime on the
interlinkages between different markets. At the same time, we intend to test
whether sales and purchases of institutional investors have an important role in

% In this way, they study not only the sign but the size of the estimated coefficients, and if these are
consistent with the theory; their finding can be useful for hedging purposes of corporate debt.
Moreover, they find that bond prices are related to other factors, as Fama-French SMB factor.
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these markets and a relevant impact on corporate credit risk. The significance of
this variable would support the hypothesis that their sales/purchases signal to the
market additional information, not incorporated in other regressors, such as stock
performance, or in business cycle indicators.

The paper is divided into six sections (including introduction and
conclusions). In the second section we discuss credit spread data and illustrate
theoretical rationales justifying the inclusion of various regressors proxying
different underlying components. In the third section we describe characteristics
of our database, presenting descriptive statistics on delta credit spreads in the
three markets for selected industry, rating and maturity breakdowns, moreover,
we describe and analyze the various covariates used in the paper. In the fourth
section we present our econometric findings and in the fifth section we comment
results from robustness checks on our main empirical findings. The last section
concludes.

2 The determinants of credit spreads

Theory on credit spreads relates to two distinct approaches, the structural
approach of Merton (1974) and subsequent works,* and the reduced form
approach. The last and more recent path (among the others, Lando, 1998; Duffee,
1999; Duffie and Singleton, 1999; Duffie and Lando, 2001; Collin-Dufresne and
Goldstein, 2001) relies on the concept of a default intensity, an affine process that
behaves in the simplest formulation as a Poisson process. The default event is
unpredictable, not guided by observed economic variables, and modeled along
much of the same technical lines of stochastic term structure models.

The structural approach, instead, using the contingent claim analysis (CCA),
identifies theoretical determinants of credit spreads, we use this approach as the
background of our analysis. The firm structure is the base of bond valuation. With
firm value modeled as a geometric Brownian motion, the bond value can be
shown to be equa to a risk free bond minus a put option on firm's assets.
Consequently, using the CCA, the credit spread is shown to be a function of
leverage (or distance to default) and volatility. Among the numerous successive
contributions to Merton seminal work, Longstaff and Schwartz (1995) introduce
stochastic interest rates in the model.

Most of the variables used in the paper are linked with the structural approach
of Merton (1974) and subsequent contributions. Asset volatility and distance to
default are proxied for our purposes by equity volatility and volatility skew or
smile; this second variable in particular accounts for large negative jumps of

4 Among the many, Geske (1977), Black and Cox (1976), Longstaff and Schwartz (1995), Zhou
(1997), Collin-Dufresne, Goldstein (2001).



equity value. We use interest rate variables because, as discussed in Longstaff and
Schwartz (1995), spot rate influences the risk neutral drift of a firm's value.
Moreover, we use equity returns because they measure the value of firm asset and
indirectly influence the probability of failure; macroeconomic indicators are
instead used as business cycle measures. In fact, business cycle can influence
expected recovery rates (Collin-Dufresne, Goldstein and Martin, 2001; Duffie and
Singleton, 2003), and, even with constant default probability, can have an impact
on credit spreads, viathe Loss Given Default (LGD).

Other variables, instead, are not linked to the structural approach, but,
following the approach of many other papers (among the others, Collin-Dufresne,
Goldstein and Martin, 2001), are added to the analysis to control for the presence
of omitted factors. In our work, these are default rates and transition matrices,
liquidity variables and institutional investors flow data. Default rates and
transition matrices are added to check the market reaction to downgrade news and
to test the signal of a worsening of aggregate credit risk. Moreover, liquidity has
been shown by some studies to be an important determinant of credit spreads
(among the others, Driessen, 2005; De Jong and Driessen, 2005; Longstaff et al,
2005). In particular, De Jong and Driessen (2005) show that liquidity risk is a
priced factor for the expected returns on corporate bonds. In this respect, we
included different market liquidity variables. The last variable is the aggregate
buy and sell flow of corporate bonds registered by Lehman Brothers with
ingtitutional clients. These data on institutional investors, other than providing an
indirect measure of liquidity in the market, can signal to the market additional
information.

Even if the structural approach predicts non-linear relationship between
variables, most of the literature on this area use linear regression analysis. We
follow this approach, using linear regression in our work. Among the others,
Callin-Dufresne, Goldstein and Martin (2001) use some of the variables used in
this paper as theoretical determinants of corporate bond spreads in a structural
approach (Merton, 1974). They use changes in 10-year yield, slope, stock returns,
implied volatility, slope of the volatility smile and leverage as explanatory
variables. They add other variables, as liquidity variables, SMB and HML factors
among the others, to eventually capture other omitted factors, even if they are not
strictly linked with the structural approach. They also perform a simulation to
demonstrate that enforcing a linear regression analysis, even if theory predicts a
non-linear relationship, does not influence the results. Campbell and Taskler
(2003) do a similar linear analysis but using levels instead of changes of bond
spreads. Cremers, Driessen, Maenhout and Weinbaum (2005) choose, like the
others, linear regressions, focusing on implied volatility. Ericsson et al (2004) use
CDS premia, both in levels and differences, with linear regressions. They find that
leverage, volatility and interest rates are important determinants of CDS premia,
explaining 60% of variability for levels, but only 23% for spread changes.
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2.1  Corporate bond spreads and CDS

Some empirical works (among the others, Zhu, 2004) use CDS prices instead of
bond prices, because of the supposed more quality embedded in this kind of data.
Notwithstanding, one has to be careful using CDS data, if it is not taken into
account the basis, ie the difference between CDS and corporate bond spreads. The
basis can be linked to the presence of covenants in the bonds (Mahanti et al,
2007), and to the delivery option embedded in CDS (Jankowitsch et al, 2006),
even over liquidity premium (Cossin and Lu, 2005). Jankowitsch et al (2006) find
that, correcting for the delivery option,® in a reduced form approach, eliminates
the mispricing between CDS and corporate bonds, while they find no significant
evidence, after the adjustment, for the influence of liquidity proxies. Cossin and
Lu (2005) find that the pricing differences between corporate bonds and CDS can
be attributed to cheapest-to-deliver option, market segmentation, and a time-
dependent liquidity premium. Levin et al (2005) show that market frictions can
cause divergence in the basis, and that idiosyncratic causes have the relevant part
in explaining the differences.

Moreover, while in the long run the CDS spread should be equal to the
corporate bond spread,® this is not always true. In particular, CDS spreads can
reflect also temporary market conditions and frictions in the arbitrage mechanism,
given that they are used primarily for hedging purposes, mostly by investment
banks. On the other side, corporate bonds are held primarily by fina investors,
such as institutional investors, and therefore tend to reflect more accurately
‘fundamental value'. D6tz (2007), continuing the study of Blanco et a (2005),
shows that, while CDS markets have normally an information input slightly
superior to bonds for the price discovery process, the opposite is true during
turbulence of markets, when bond markets dominate the process. Mahanti et al
(2007), using a measure of ‘latent liquidity’ (defined as the weighted average
turnover of funds holding the bond), find that bonds with higher latent liquidity
are more expensive relative to their CDS contracts, and also that severa firm-
level variables related to credit risk’ affect negatively the basis, implying CDS
spreads do not fully capture credit risk in corporate bonds.

Looking at this evidence, one could prefer to use corporate bond data if a
reliable database is available; thisis particularly true if the object of the analysisis

® Subsequent to a default, the protection buyer in a CDS contract has the option to deliver the
cheapest of agroup of bonds (and even loans) linked to the issuer, receiving from the counterparty
the nominal face value. This can be arranged also by simply exchanging money and without giving
the securities (cash settlement vs physical settlement), depending on the provisions of the contract.
The value of the cheapest-to-deliver option is anyway unaffected.

® All things being equal, first of all maturity, and, as mentioned before, taking into account
seniority, covenants, etc.

" Leverage; tangible assets as a measure of recovery rates; short term interest coverage, measured
with the ratio of current assetsto current liabilities.
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to focus on fundamental relationships between corporate bonds and other
variables. Given the high quality of our database, explained in detail in the next
paragraph, we therefore choose to focus on corporate bonds spreads.

3 The database

Our dependent variable is represented by option-adjusted spreads (OASS),
calculated for a set of global corporate (investment grade and high yield) bond
indexes provided by Merrill Lynch. We choose option adjusted spreads because
many corporate bonds are callable or have call options which alow issuers to
repurchase them at convenient time in order to refinance their debt at lower
interest rates. OASs therefore have the advantage of insulating changes in credit
risk from changes in the value of the options attached to corporate bonds.?

Our dataset is more extended than most of those traditionally used in the
literature and explores for the first time the dynamics of corporate bond indexesin
the UK and EU markets’ in an extensive manner (see Table 1 for details). An
additional advantage is that it is provided by an investment bank which provides
its information (and its fixed income indexes) to the market. This gives her an
incentive for quality and accuracy, which is superior to that of market makers
which are not directly index providers.™® This argument is taken seriously by
Coallin-Dufresne, Goldstein and Martin (2001) which exclude from their Lehman
Brothers sample those bonds which are not part of those directly provided to the
market as indexes by Lehman Brothers itself. The same approach to preserve data
quality isfollowed by Elton et a (2001) and Duffee (1999).

8 Computation of OAS is common practice in the marketplace, and it is a standard methodology of
insulating the embedded value of eventual call option of the bond. The OAS is not only computed
by the investment banks providing indexes to ingtitutional investors, but also by Bloomberg for
amost al the bonds in the market. For this reason, the data used in the paper can be thought of as
double-checked and are reliable for the analysis. Moreover, the option value is zero for a non-
callable bond, and thisis the case for the majority of Investment Grade bondsin our sample.

® Boss and Scheicher (2002) make one of the first attempt on analysing Euro (but non UK)
corporate spreads. They use however only 2 indexes, while our dataset comprehends 118 indexes
for the Euro area. Moreover, they have alimited set of explanatory variables.

19 Corporate bond markets are far more illiquid than government bond markets. Transaction costs
on corporates may reach 1 or 2 per cent of nominal value in the case of high yield bonds, while
they are normally not greater than 0.10-0.15 per cent on governments (for long term bonds; they
can be much less for short term bonds). These bid-ask spreads are valid for ingtitutions, and for
norma market sizes, that can vary from 2—3 millions of euro for high yield bonds, up to 30-50
millions for governments. Of course these numbers are subject to market conditions and can vary
depending on the relative liquidity of the specific bond, so that they can be referred to only as
indicative costs.
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A final advantage of our dataset is that it is composed only of quoted prices
and does not include ‘matrix prices™ or matrix interpolation of missing
observations with adjoining data, as it occurs in the widely used Lehman Brothers
Fixed Income Database used in most empirical analyses (Sarig and Warga, 1989;
Coallin, Dufresne, Goldstein and Martin, 2001; Elton, Gruber, Agrawa and Mann,

2001). Thisunderlines the reliability of our database.

3.1 Descriptive statistics on OAS

Bond indexes of our database cover three areas. United States (207 indexes),
United Kingdom (125 indexes) and the European Union (118 indexes). The
observation period goes from January 1997 to November 2003. We therefore
dispose of 83 monthly observations for each index. Data availability varies across
areas. EU series, in particular, are recorded for a slightly shorter period starting
from January 1999.

The US dataset includes 87 investment grade (IG) indexes (from AAA to
BBB rating) and 120 high yield (HY) indexes (from BB to C rating). The UK
dataset includes 119 investment grade and 6 high yield indexes, while the EU
database has 108 investment grade and 10 high vyield indexes. Rating
classification is available aso for macroindustries (Financials, Industrials, and, for
the US, Utilities). Maturities are classified according to the following buckets 1—
3,2 35, 5-7, 7-10, 10+ years (plus 10-15 and 15+ for the US and the UK only).
Maturity indexes are available also for different ratings and for macroindustries.

Industry level classification includes i) Banking, Brokerage, Finance &
Investment, and Insurance among Financials; ii) Basic Industry, Capital Goods,
Auto Group, Consumer Cyclical, Consumer Non-Cyclical, Energy, Media, Real
Estate, Services Cyclica, Services Non-Cyclica, Telecommunications,
Technology & Electronics among Industrials.

All indexes are rebalanced in the last day of the month to account for entries,
exits or transition of individual bonds to different rating or maturity classes. To
avoid that these changes affect our dependent variables, OASs are calculated as
differences between the first day of the month (in which the rebalancing has
already occurred) and the day before the revision which follows.

! Quoted prices are ‘quoted’ directly by the trader (so, they are real prices). Instead, matrix prices
are generated as a sort of interpolation of other prices. This is done to eventually give a price to
some bonds (the scope can be ranging from pricing a bank’s or client's portfolio, or for risk
management purposes, when the series have not al the data). This ‘matrix’ problem arises in the
Lehman database (also caled Warga database), which has been extensively used in the past; to
overcome the problem, researchers normally excluded from the database matrix prices.

12 Bonds with residual maturity below one year are excluded by Merrill Lynch from the universe
of assets considered when building the indexes.
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Descriptive statistics for a synthesis of our fixed bond indexes are reported in
Table Al in the Appendix. Indexes are ranked by rating, maturity and industry
classifications, the latter available for both IG and HY bonds only for US."

These statistics show that OAS volatility is monotonically increasing in credit
risk, while it is quite stable along the maturity curve. The maximum change of the
total US IG index is of 45 bps, while it is smaller, and around 20/30 bps, for the
UK and the Eurozone. IG industries with the highest delta credit spread
volatilities are Auto and Telecommunications in the United States, Capital Goods
and Telecom in the UK and Technology & Electronicsin the Euro area.

As expected, HY indexes have much higher volatility than IG indexes (the
HY B-rating index volatility is twelve times higher than that of the AAA index in
the US) with a maximum of monthly changes for the aggregate HY index of 211
bps. The Euro area total HY index is more volatile than both UK and US ones.
When we move from the next to last (B) to the last (CCC-C) rating group,
volatility amost doublesin the US and UK and gets three times higher in the Euro
area. Air Transportation, Insurance and Telecom are the highest volatility HY
indexes in the US (up to a maximum monthly change of more than 1200 bps).**
The presence of the first two sectors among those with highest volatility may be
clearly related to the effects of the terrorist attack of September 11 on financial
markets.

Skewness, kurtosis and Jarque-Bera tests show that our OAS series are
nonnormal and have excess kurtosis exactly as stock return series. First order
autocorrelation coefficients and Box-Pierce diagnostics revea the presence of a
certain degree of autocorrelation in these series.

3.2 Interest rate variables

Interest rate changes are considered among the main determinants of credit
spreads. Longstaff and Schwartz (1995), in particular, show that spot rate
influences the risk neutral drift of afirm’svalue.

Empirical literature on term structure stochastic models identifies two
components explaining most of the time variability of risk free returns.”® Ex-post,
these components are highly correlated (in decreasing order) with the level of

3 We select for descriptive analysis 87 out of 207, 36 of 125 and 35 out of 118 indexes for US,
UK and Eurozone markets respectively. Extended descriptive results for rating group/maturity and
the industry/maturity classifications are available upon request.

¥ HY Merrill Lynch indexes do have an industry breakdown in the US, but not in the UK and
Eurozone, due to the different development of HY bonds in the three financia markets. Just
consider that in the US the HY index includes on average 1270 bonds against 31 and 94 in the
UK and in the Eurozone area respectively. Data on US yield sectors are reported in Table A2 in
the Appendix.

> Around 90%, and up to 95% when convexity of the curve is added as athird factor.
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interest rate and the slope of the yield curve.!® These variables are then natural
candidates for being included as regressors in empirical estimates.

The level is generaly represented by the return of a 10 or 5-year benchmark
or of a government bond index. The slope of the yield curve may be represented
by the spread between two different maturities or two representative indexes
including al bonds between two different maturities (ie 1-3 and 7-10). We will
follow both approaches. Individual government bond data are from Bloomberg,
while those on government indexes from J P Morgan.

Some models include return volatility as an additional explanatory variable to
levels or yield curve slopes (see, among others, Longstaff and Schwartz, 1995).
We follow this path by using Bloomberg monthly data on the implicit volatility"’
options on bond futures, where the underlying asset of these futuresis represented
by bonds at the most significant maturities (such as 5, 10 or 30 years in the US,
UK, and Germany).'® Asiit is well known, implicit volatility is forward looking
and expresses better than historical volatility current investors expectations on
the volatility itself. Despite it, since options on bond futures are mainly developed
in the US, we collect also historical volatility to compare results on different
markets. Historical volatility refers to benchmark government bonds from
Bloomberg and J P Morgan data. Our variable is the monthly change of the
monthly historical and implied volatility calculated on daily prices.

We measure from J P Morgan data the implicit volatility of OTC (over-the-
counter) options such as swap options, which represent the most liquid and widely
used hedging instrument in the bond market. The swap rate is a ‘refreshed AA
credit quality rate’,"® and therefore is a benchmark rate for the corporate market
and its volatility should be fundamental for bond valuation.

Finally, we build with J P Morgan data the skewness of options on bond
futures, given by the difference in the implicit volatility between ‘ deep out-of-the-
money’ (deep OTM) and ‘at-the-money’® (ATM) options. The skewness (or

16 Collin-Dufresne, Goldstein and Martin (2001), when considering yield curve slope, argument
that it can represent the expected path of future short rates.

Y Even if treasury bonds returns have been shown in the previous empirical literature not to be
strongly correlated with volatility, credit spreads could nonetheless be affected by volatility, and
not only of the assets, as suggested by Merton’s work (ie equity volatility for empirical reasons),
but also of the underlying risk free interest rates (bonds volatility). In fact, investors could demand
a premium in the markets to hold a corporate bond, that is mainly valued on a spread basis, if the
underlying risk free rate is more volatile.

'8 The 10-year Bund is the reference future in the Euro area.

¥ The credit risk difference between an AA corporate bond and a generic swap rate (which is an
AA by definition, being based on the Libor rate) depends on the fact that the latter has no
downgrade risk, since we assume that the rating is constant in any resetting. The parallel with a
corporate index is clear: corporate indexes, when defined according to the rating grade, have a
‘refreshed credit quality’. Consider though that an individual bond rating may vary before
rebalancing given that the bond will be excluded from the index only at the end of the month.

% 1n swaptions ‘moneyness’ is clearly evaluated on swap forward rates. Hence, an at-the-money
option is an option defined on the at-the-money forward rate with maturity equal to the option
maturity.
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skew) is a measure of market expectations on the degree of risk of significant and
large future changes in interest rates. This is because the difference between the
implicit volatility (and, consequently, the cost) of OTM with respect to that of
ATM options gets larger when expectations on larger interest rate movements are
formed in the market. An increase in the ‘skew’ implies higher costs of contingent
hedging against significant interest rate changes.?* We compute the variable by
using implicit volatility for OTM call options on bond futures with one, two, three
and four strikes out-of-the-money.?? The skew is the difference in basis points
between OTM and ATM call options.

A final variable considered in the analysis is the implicit volatility of options
at long maturities (or vega). The normal maturity for options on interest rates (one
up to six months) implies a higher influence of the underlying asset on the option
value. With maturities from 5 up to 15 years, exchanged in the swaptions market,
changes in the value of the underlying asset have arelatively lower impact while
much higher is the effect of changes in absolute volatility. This kind of optionsis
in fact mainly used to hedge on future expected interest rate volatility. Our
variable is the J P Morgan implicit volatility of swaptions on 5-year forward
interest rates with 5-year maturity (5-year 5-year forward), and on 15-year
forward interest rates with 15-year maturity (15-year 15-year forward).

3.3 Stock market variables

The effect of stock market variables on credit spreads is predicted by structural
models (Merton, 1974) which illustrate how positive stock returns increase the
value of firm asset and reduce the probability of failure. The same structural
models predict the positive effect of firm asset volatility on credit spread.

We proxy this variable with historical volatility of stock market indexes and
with implicit volatility of options on the main stock market indexes. Moreover, we
also include among potential regressors the skew of implicit volatilities (the
difference between implicit volatilities of OTM and ATM put options). The
rationale is that an increase in this specific skew measure implies an increase in
the perception of risk (‘jump risk’) generated by large negative movements of
stock prices (Collin-Dufresne, Goldstein and Martin, 2001). Given that a
corporate bond is equivalent to arisk free bond minus the value of a put option on
firm asset (Merton, 1974), the skew is expected to be positively correlated with

2l We used call options on futures, in order to capture the risk of future decrements in interest
rates. From a corporate perspective, the risk can be thought of as having launched bonds (and
paying interest) in the market at higher rates than those prevailing in the future path.

“2 The change in basis points is different according to the future and the underlying bond maturity.
The change in basis points for a point (or strike) change will be larger for a bond with longer
duration.
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credit spreads.”® We calculate the skew as: skew = o(strike) — 6(ATM) where 6 is
the implicit volatility and the OTM option strike is 20 per cent below the ATM
option strike®* We caculate the skew for the most liquid maturities and try
alternatively the one month and three month ones. As additional relevant stock
market variable we include the orthogonal risk factor SMB built by Fama and
French (1995) as a proxy of specific small size risk. Given that this variable is
constructed as a differential in stock performance of small vs large firms, it can
therefore be linked to a spread reduction in corporate bonds (and so, to a positive
return), in the same manner as the SMB factor in the Fama-French approach is
connected to an increase in stock returns.?

3.4 Macroeconomic indicators

Since credit spreads measure excess risk of corporate with respect to government
bonds they are obviously expected to be negatively correlated with the business
cycle (see, among others, Van Horne, 2001; Duffie and Singleton, 2003).
Business cycle can influence expected recovery rates (Collin-Dufresne, Goldstein
and Martin, 2001; Duffie and Singleton, 2003), and, even with constant default
probability, can have an impact on credit spreads.

To evaluate this effect we use Conference Board leading, coincident and
lagging indicators. The leading indicator is the weighted average of 10 indexes;?®
the coincident indicator is an average of 4 indexes®” and measures the current state
of the economy, while the lagging indicator is an average of 7 indexes.® Even
though these indicators have some of the components included in our estimates as

% Since the put option is on the index and not on the individual stock, the observed empirical
relationship may be weaker than the theoretical one. The same reasoning goes for stock index
returns or for its implied volatility. Listed options are always defined on more liquid and
representative large capitalisation indexes (such as the Standard & Poor’'s 100), while corporate
bond indexes have generally higher coverage of the universe of bonds traded in the market. Thisis
another factor which inevitably weakens the links between theoretical framework and empirical
analysis. Cremers et a (2004), in this perspect, using implied volatility levels and the volatility
skew starting from individual stock option data, find that aggregate (stock index) implied vol and
skew has less economic impact than individual data.

2 We also tried to use a strike price 5 per cent or 10 per cent below the ATM strike. We finally
decided to use 20 per cent level both because it better measures jump risk, and because we did not
want collinearity problems with smple ATM implied volatility, that was used as a regressor.

% |n a parallel way, we also constructed the HML factor of Fama and French (1995), based on
market to book ratio. Both SMB and HML factors are constructed with the relevant stock market
index constituents, different for the three areas.

% The ‘leading’ indicator is a weighted average of: Average Work Week, Jobless Claims,
Consumer Orders, Stock Prices, Vendor Performance, Capital Orders, Building Permits,
Consumer Expectations, Money Supply, Interest Rates.

%" The ‘coincident’ indicator is a weighted average of: Nonfarm Payroll, Personal Income,
Industrial Production, Trade Sales.

% The‘lagging’ indicator is aweighted average of: Average Duration, Inventory/Sales ratio, Labor
Cost per Unit ratio, Prime Rate, Loans, Credit/Income ratio, CPI of Services.
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individual variables, they are weakly correlated with such components and have a
different meaning. We therefore include them in our analysis.”®

For the UK area we use leading and coincident Conference Board indicators.
As in the US these indicators are averages of (respectively 9 and 4) individual
components.*

For the Euro area we use the Handesblatt leading indicator,* the ‘ Economic
Sentiment Indicator’ (ESI) and the ‘business climate indicator’ of the European
Commission.*

3.5 Default rates and transition matrices

Default rates and information on downgrades/upgrades operated by rating
agencies are another group of variables which may significantly affect OASs.
From a theoretical point of view, the event of bankrupcty of a given firm may
affect credit spread indexes, if the event is not anticipated by the market and is
interpreted as a signal of a worsening of aggregate credit risk. In this perspective
failures of a company in agiven industry should affect more credit spread indexes
of the same industry and a downgrade of a large representative firm may have
stronger impact than that of small firms. Default rates and downgrades are
generally anticyclical (see, among others, Duffie and Singleton, 2003).

To test the effect of these variables we use Moody’ s default rates, divided for
IG and HY in the US, UK and Europe rating transition matrices® for different
areas, on a monthly basis. Default rates represent the share of firms (1G or HY in
the US, UK or Eurozone) who went default among those observed by Moody’s.
Transition matrices indicate the frequencies of firms falling into different rating
classesin agiven period, given the rating class of the beginning of the period.

We exploit the unique advantage of having these data on a monthly basis to
downgrades

all

denominator is represented by the relevant group of corporations observed by

build a monthly downgrade ratio calculated as. down = where the

% The same approach is followed by Huang and Kong (2003).

% The UK ‘leading’ indicator is a weighted average of: Order Book, Output Volume, Consumer
Confidence, House Starts, Interest Index, FTSE Index, New Orders, Productivity, Corporate Op.
Surplus. The UK ‘coincident’ indicator is a weighted average of: Employment Index, Industrial
Production, Retail Sales, Household Disposable Income.

% The leading indicator is built using Handesblatt information and is a weighted average of:
Industrial Confidence, Consumer Confidence, Industrial Production, Monetary Aggregates,
Harmonized Inflation, Curve.

% The Economic Sentiment Indicator is a weighted average of: Industrial Confidence, Consumer
Confidence, Construction Confidence, Retail Trade Confidence. The Service Confidence, an
indicator as well of the European Commission, is not part of the ESI.

% This matrix is generally called transition probability matrix. Srictu sensu the definition is not
correct since we have historical transition frequences and not ex ante transition probabilities.
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Moody’s in a given geographical area or aggregate asset class. We therefore have
three indicators for any areas (IG, HY and total).

3.6 Liquidity variables

Liquidity effects are expected to be higly relevant on credit risk changes in a
typicaly illiquid OTC market such as that of corporate bonds (Driessen, 2005; De
Jong and Driessen, 2005; Longstaff et al, 2005). In particular, De Jong and
Driessen (2005) show that liquidity risk is a priced factor for the expected returns
on corporate bonds. Bid-offer spreads would represent the exact measure of
transaction costs, but this variable is not available, not only for academic research,
but aso in investment banks databases, such as those of Lehman Brothers and
Merrill Lynch, which conventionally quote bond bid pricesin their indexes.

A typical proxy which can be used is government bond bid-offer spreads, and,
possibly, those of the more illiquid non-benchmark government bonds.

Furthermore, it is well known that, in presence of an increased perception of
market risk, ‘flight-to-quality’ effects may increase the spread between benchmark
or ‘on-the-run’ and ‘off-the-run’ (or ex benchmark) government bonds.* We
therefore build series of these spreads for the US, the UK and Germany® on 10 to
30 year maturities.*®

Another liquidity indicator, typically considered in the literature, is the swap
spread, or the spread between government bond and the swap rate; the assumption
is that a reduced liquidity in the swap market necessarily implies a parallel and
amplified effect in the corporate bond market (Collin et al, 2001). In reality, the
swap market has become increasingly more liquid so that changes in the swap
spread are unlikely to measure significant liquidity effects. Moreover, the swap
spread is a measure of the excess return of a generic AA financial corporate bond
over the government bond. This is because it is built on the Libor rate, which is
generally applied to an AA grade (banking sector) issuer. Since the index is
resetted every haf year or every year, it can be viewed as a ‘refreshed credit
quality’ yield, and therefore as intrinsically less risky than an AA corporate bond
which may suffer from a deterioration of credit quality in time. Hence, the swap
spread is a downward biased proxy of the risk differential between a high grade

% Benchmark (‘on-the-run’) bonds typicaly have a longer time to maturity and, consequently, a
higher theoretical yield to maturity than ‘off-the-run’ bonds. With flight to quality the yield curve
may invert (in that point), with a liquidity premium which justifies, for the ‘on-the-run’ bond, a
yield to maturity lower than that of the ‘ off-the-run’ bond.

* As already mentioned before, German bonds are generally taken as a reference from investors
for the Euro area.

% Consider that liquidity and change in the perception of risk may coincide, as higher perception
of risk generates flight to quality effects which induce investors to move from less liquid to more
liquid bonds.
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corporate bond and a government bond. To analyse this effect we collect from
Bloomberg swap spread monthly changes in basis points for 5, 10 and 30 year
maturitiesin the US, UK, and in the Euro area.®

3.7 Theroleof institutional investors

The last proxy of liquidity considered is represented by buy and sell flows on
corporate bonds recorded by Lehman Brothers from 1998. These data measure
guantities (in billions of dollars) on monthly basis of purchases and sales made by
ingtitutional investors with Lehman Brothers. Even though the variable refers only
to the US market, and only to volumes intermediated by Lehman Brothers as
market maker, it represents a significant share of total volumes given the
investment bank’ s leadership in the fixed income market.

Martell (2003) uses as a regressor inflow data in equity and bond funds as
measured by ICI (Investor Company Institute). Neverthless, inflows are not actual
ingtitutional investors trading data, and do not benefit from the distinction
between buy and sell sign,®® and between investment grade and high yield
corporate bonds flows. His focus is anyway different, relying on the analysis of
US dollar denominated bonds, both corporates and foreign sovereign, trying to
find links and common factors between the two different markets, whereas our
study ison US, UK and Euro (IG and HY) corporate debt markets.

We introduce this variable to test whether institutional investors with their
sales/purchases signal to the market additional information, not incorporated in
other regressors such as stock performance or in business cycle indicators; in
particular, an increase in purchases (sells) could be a signal of reduced (increased)
perception of risk, and therefore have negative (positive) impact on the spreads.

3" The swap spread for the Eurozone is built by using German government bonds.

% Inflows can turn or not in actual buying, depending on the asset manager’s view. Moreover,
leaving aside equity fund inflows, that are not very in line with the analysis, inflows in generic
bond mutual funds, without distinction in corporate/sovereign, or IG/HY, are not very informative.
Instead, actual transaction data, with the digtinction in IG/HY corporate bond flows, can be
thought of as a variable much closer to the supply/demand shocks that great part of the literature
identifies as an important factor, starting from Collin-Dufresne P, Goldstein R, Martin S (2001).
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4 Empirical findings on separate estimates

In the previous section we provided rationales for the inclusion of al the variables
described in the estimates. The number of these variables, though, is too high and
some of them proxy for the same underlying factors. Hence, the joint inclusion of
all of them in the estimates may create serious problems of multicollinearity. We
therefore decide to divide the empirical analysisin two steps.

In order to evaluate the significance of different variables we perform separate
estimates for each subgroup of variables as a first step using as a dependent
variable corporate bond indexes of different subgroups classified by rating,
maturity and industry. In Table 1B we report synthetically the number of times (in
per cent) the variable is significant in these estimates. In a second step we perform
an estimate with a selected group of indicators which have been shown to be
significant at least 20 per cent of times in the separate estimates. We select as
regressors. among interest rate variables, the 5 years yield and the spread between
US and UK (or Euro) bond yields;* among stock market variables, the return on
the relevant index, the implied volatility on the index, and the SMB factor;*
among the business cycle indicators, the US leading indicator;** among the
liquidity indicators, the swap spread.” We also use for US estimates the
institutional investors data.*®

We finally check the robustness of our results repeating the estimates for
different subsample splits, performing structural break tests, and with higher
(weekly) data frequency. We also use Principal Component Analysis in order to
check the validity of our choices over the available variables.

Given the autocorrelation and nonnormality of OAS evidenced by descriptive
statistics presented in the Appendix we use heteroskedasticity and autocorrelation
robust Newey-West (1987) standard errors. The optima selection of the
truncation lag is achieved by following the automatic selection approach followed
by Newey and West (1994).

¥ We find equivalent results using J P Morgan bond index returns and bond yield variation, and
we therefore choose to use the latter. Moreover, we find yield curve, and both implied (including
skew and vega) and historical yield volatility not very powerful in explaining credit spread
changes.

“0We instead exclude HML factor and skew.

“! The US Leading Indicator proves to be much more reliable even for UK and the Euro area,
respect to ‘local’ indicators, showing the linkage of credit spreads to the US economy.

“2 The spread between on-the-run and off-the-run government bonds is significant in UK and in the
Euro area, but not in the US; given it has avery small coefficient, however, we exclude it from the
regressor set. We also exclude bid-ask spread variations.

3 We exclude instead the downgrade and the default ratios. They are significant only in the Euro
area, but from inspection of the data this result comes from a unique default not expected in the
market (Ahold, October 2002). This result confirns the fact that credit spreads on average are
sensitive only to unexpected and relevant credit events.
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4.1 Empirical findings on the final selected specification
for the US area

In this section we outline an empirical specification in which a selected number of
the described regressorsis included. Following Huang and Kong (2003), we select
them from alarger set to perform a parsimonious estimate.

The chosen specification for US delta credit spread is the following

DCS, = a+B,A(5y), +B,(russ2), + B,A(riv), +B,(smb), + B.A(lead), @.1)
+BsA(swsp), +B,A(hy _b), +BsAhy _s), +e¢,

where DCS (Delta Credit Spread) is the change of the option adjusted credit
spread, 5y is the 5-year Treasury bond yield, russ2 is the return of the Russel
2000, riv is the implicit volatility of the options on the Russell 2000, smb is the
Fama-French Small-minus-Big factor, lead is the Leading Indicator del
Conference Board, swsp5 is the spread between swap and yield of 5-year
government bond, hy b (hy_s) aretotal HY US bond purchases (sales) of Lehman
Brothers professional investors.*

Our results, presented in Table 2A, show that this set of regressors explains a
significant part of credit spread variability. The adjusted R? ranges from 52.33%
for the overall IG index to the 56.89% for the HY index. The index with the
highest R? is the 5-7 years High Yield (61.67%). All of the selected variables
maintain significant explanatory power when jointly considered. The change in
the interest rate level (By) is statistically significant for aimost al indexes. An
increase in the yield of the 5-year Treasury bond of 10 basis points generates a
reduction of the spreads of 1 bp (8 bps) for the aggregate Investment Grade (High
Yield) index, consistently with our previous estimates in which only interest rate
variables were included. Telecommunications and Auto are the industry indexes
that are more sensitive to this variable.

Stock returns (russ2) are statistically significant along the rating curve, with
the exception of the AAA and AA corporates. This result confirms that riskier
bonds are more dependent from stock returns. For a 10% positive return of the
Russell 2000, we observe a reduction of the spreads ranging from 3 bps for the A
rating index to 24 bps for the B rating, up to 42 for the CCC-C rating index.
Among macroindustries the coefficient is the highest for industrials, and, among
single industries, for cyclica industries such as Auto, Telecom and Tech
industries. As expected, coefficient magnitude is higher for Consumer Cyclicals
and Services Cyclicals with respect to the corresponding non cyclicals (Consumer
Non-Cyclicals, Services Non-Cyclicals).

“ We also add in a robustness check lagged values of the regressors in our specification and find
that results are robust to their inclusion, being not statistically significant.
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Stock market implicit volatility (riv) has a stronger impact on riskier bond
indexes, confirming their relatively higher dependence from expectations on stock
market variability. T-stats are significant for BBB and CCC-C indexes.
Coefficient magnitudes show that a one per cent increase of the implicit volatility
widens spreads of almost one basis point for the BBB index and up to 6 bps for
the CCC-C index. The most sensitive macroindustry (industry) is Industrials
(Telecom). The High Yield telecom bond index exhibits® the highest reaction to
the same one per cent change of the implicit volatility, with an increase in the
spread of almost 10 bps. The Small-minus-Big risk factor has significant effects,
which are increasing along the rating curve, up to a maximum of a 10 bps
reduction of the credit spread for a one per cent variation of the regressor. The
variable is significant also for industry specific indexes, with the exception of
Banking and Telecommunication.*®

The Conference Board Leading Indicator (lead) becomes weakly significant
in presence of al other regressors. We must consider, though, that it is a
composite indicator of different variables, some of them present in the estimates.
As expected, its impact is higher on cyclical than on non cyclical industries, as it
is possible to observe directly in the comparison between its effect on Consumer
Cyclicals (78 bps) and Consumer Non-Cyclicals (39 bps).

The change of swap spreads (swspb5) is statistically significant with an effect
which is inversely related to the rating curve. A 10 bps increase of swap spreads
generates an increase in the dependent variable ranging from 2 bps of the AAA
index, to 8 bps of the BB, up to 26 bps of the CCC-C index. The impact of a
change of the same magnitude in the regressor is quite stable across |G industries,
with a widening of the credit spread of around 3—4 bps on Financials, Industrials
and Utilities.

Regressors measuring purchases and sales of High Yield bonds from
institutional investors are highly significant. A flow of 100 million dollar*’
purchase (sale) generates a reduction (increase) of credit spreads of around 2 bps
on the aggregate 1G index. Telecommunications is the most sensitive industry
with an effect of around 5 bps. This result confirms that institutional investors
trades signal to the market information not already captured by other controls
included in the estimates (expectations on future volatility, stock market
performance including expectations on future earnings, etc.).

Results from US regression show that regressors explain a significant part of
credit spread variability. The main determinants are interest rate changes, stock
returns and volatility, SMB factor, swap spreads and flows of institutional
investors. In particular, results confirm the expected exposure of HY bonds to

> Results for US high yield sectors are reported in Table A2 in the Appendix.

“6 An interpretation of this result is that these two indexes are composed by larger companies and
therefore are less subject to small size risk.

4" Data on buy or sell flows (Table 2A) are measured in billions of dollars.
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stock variables (returns, implied volatility, SMB factor). Moreover, while
Industrial bonds seem very much exposed to stock market factors, the same
cannot be said for Financial and Utility bonds.

4.2  Empirical findings on the final selected specification
for the UK area

For the UK area we choose the following specification

DCS, = o+ B,A(5Y), +B,A(spdY), + B, (ftse_dll), +B,A(ftse_iv), 4.2)
Bs(smb), +B,A(lead _us), +B,A(swspl0), +¢€,
where 5y isthe 5-year UK Treasury yield, sp_5y is the spread between the 5-year
US and UK government bond, ftse all is the return of the Ftse All Share index,
ftse iv is the implicit volatility of options on the Ftse 100, smb is the Fama
French Small-minus-Big factor, lead us is the Leading Indicator of the US
Conference Board, swspl0 is the spread between the swap rate and the 10-year
government bond yield.*®

Our results, presented in Table 2B, show that goodness of fit is lower than in
the US estimate. R? are around 40% and 44%, respectively, for the aggregate
Investment Grade and High Yield indexes. The highest R? is 49% for the IG 5-7
year index. Differently from the US specification, not al the selected variables,
which were highly significant in the specific estimates, maintain their significance
when jointly included in the regression. Interest rate variables, such as the 5-year
level and the spread with the US Treasury bond, are sheldom significant. The
Footsie stock return is significant for the aggregate HY index, but not for the
aggregate |G index.”® In the first case a 10% positive stock return generates a
reduction of the High Yield credit spread of 60 bps. The implicit volatility is also
not significant, with the exception of the HY BB index, where an increase of 1 per
cent in the variable generates a 2.5 bps increase in the spreads. The SMB factor is
strongly significant for some indexes and weakly significant for others. The
stronger impact is on the B index, where an increase of 1 per cent in the variable
generates a 6.5 bps increase in the spreads. The US Leading indicator, a proxy of
the impact of US business cycle on the UK market, has strong impact on
Industrials, and, within industrials, on Capital Goods, where a change of one point
in the indicator generates a reduction of the OAS of 8 bps. Its impact is also

“8 The 10-year replaces the 5-year swap spread in the UK areafor lack of data.

9 The CCC-C index makes an exception with non significant regressors (except for the Leading
Indicator) and a very low R-sgquare. Consider though that the index is made of only 4 bonds on
average and is therefore highly illiquid and hardly representative. As a comparison, the
corresponding US index is made by 208 bonds.
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decreasing in the quality of credit rating. Changes in the swap spreads are
significant for 1G indexes, but not for HY indexes. Their impact is quite stable
across different ratings and macroindustries (.5 bp increase in the spread for a
positive change of 1 bp).

Results from UK regression show that regressors explain a good part of credit
spread changes, but in alower manner that in the US. The main finding, analysing
this area, is the impact of the US business cycle, proxied by the Leading indicator,
on UK credit spreads.

4.3 Empirical findings on the final selected specification
for the Euro area

For the Euro area we choose the following specification

DCS =o+ BlA(Sy)t + BzA(SpSy)t + Bs (eustox), + BAA(daX_iV)t (43)
+Bs(smb), +BeA(lead _us), +B,A(SwspS), +e,

where 5y is the yield on the 5-year German government bond, sp_5y the spread
between the 5-year US and German government bond, eustox is the return of the
Eurostoxx index, dax_iv isthe implicit volatility of the options on Dax, smb is the
Fama-French Small-minus-Big factor, lead_us is the Leading Indicator of the US
Conference Board, swsp5 is the spread between the swap rate and the 5-year
German government bond yield.

Empirical findings are reported on Table 2C. R? varies according to the
selected dependent variable ranging from 50.62% for the aggregate 1G index, to
40.64% for the aggregate HY and reaching its peak (61.76%) for the HY BB
index. The change of government bond yields is significant only in a few cases,
while the spread with US Treasury bonds has higher explanatory power for 1G
indexes. Its highest impact is on Industrials where arise of the US-German spread
of 10 bps generates a 1.5 bps increase in credit spreads of. Among individual
industries, the most sensitive to this variable are cyclical ones such as Auto,
Consumer Cyclicals, and Services Cyclicals. Stock market variables are
significant for HY, but not for IG indexes. A 10% positive stock return of the
Eurostoxx index generates a credit spread reduction of around 6 bps for the BB
index and of 16 bps for the CCC-C index. An increase of one per cent in the
implicit volatility on Dax (daxiv) generates a widening of credit spreads of 3 bps
for the BB index and of around 10 bps for the CCC-C index. On the other hand, a
positive one per cent change of the Small-minus-Big factor generates a reduction
of credit spreads of the HY index of around 11 bps. The US Conference Board
Leading Indicator (lead us) has significant effects on Investment Grade indexes.
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The effect of an increase of one point in the indicator is decreasing in the quality
of credit rating, ranging from 1 bp for the AAA to around 20 bps for the BBB.
The impact on macroindustries is higher on Industrials (around 10 bps) and, as
expected, lower on Financials (2.5 bps) and Utilities (2 bps). Telecommunications
and Technology & Electronics are the industries which are most sensitive to this
variable (respectively 17 and 16 bps). The swap spread is significant for 1G
corporate indexes up to the A rating. The impact is almost constant along the yield
and rating curve, and across macroindustries.

Results from EMU regression show that also in this area our variables do a
good job in explaining credit spread variability. The significance of the estimates
Is closer to the US results, in this sense, and al the main determinants are
confirmed. Moreover, it is worth noting the influence that US economy has on the
Euro area, proxied by the interest rate spread between the two economic areas,
and the US Leading indicator.

4.4  Comparisons of our findings across the three markets
and with the recent literature

For a more direct comparison of results across macroareas we restimate the model
(Tables 3A-3B) for the same time interval starting from January 1999 which is
the first date in which information on Eurozone marketsis available. Limitsin this
comparison are that indexes in different macroareas have not the same degree of
representativeness™ and regressors are obviously not exactly correspondent with
each other (ie stock indexes may have different scope and coverage).

A comparative inspection of estimates shows that goodness of fit is higher in
the US than in the UK area. The result may be affected by the difference in
representati veness between the two indexes.

The effect of achange in the level of interest rates (and spread against US for
UK and Eurozone area) of 10 bps generates a change in credit spreads of around 1
bp for IG indexes, and around 7 and 8 bps for High Yield US and Eurozone
indexes. The effect is not statistically significant in the UK area. An interesting
and comparable result is the effects of stock returns. A ten per cent change in the
stock index is significant on |G indexes only in the US, where it generates a
reduction of the spreads of around 4 bps.>* The interesting point is that the effect
of stock returns on HY indexes is significant in any of the three areas but the
magnitude is widely diversified (22 bpsin the US, 45 bpsin the UK and 73 bpsin

® Index representativeness is highly heterogeneous across different markets. The 1G index
includes 3789, 1159 and 478 bonds respectively in the US, Eurozone and UK area. The equivalent
numbers for the HY index are 1270, 94 and 31.

*l UK and Eurozone estimates have coefficients of the same magnitude but t-stats are not
significant.
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the Eurozone ared). We argue that this finding cannot be solely explained in terms
of heterogeneity in variables measured across different markets since the
comparisons of other effects such as that of implicit volatility on stock index
options on HY indexes are substantially equivalent in the three areas. Hence,
differences in bankruptcy codes may matter. In this respect the higher OAS
reaction in the Eurozone vis-avis the UK appears fully consistent with recent
findings of Davydenko and Franks (2008) who compare bankruptcy codes in the
UK, Germany and France. The authors find that creditor rights and recovery rates
in bankruptcy are highest in the UK, lowest in France and intermediate in
Germany. This depends, among other things, from the fact that in France
creditor’ s approval is not required in reorganization plans and state and employees
claims come before those of creditors. The above mentioned ranking of countries
is consistent with La Porta et al’s (1998) scores for creditors' rights and not in
contrast with our findings. Furthermore, the fact that the magnitude of the stock
returns on the US HY index is even smaller than in the UK is, in turn consistent
with the fact that ‘reorganisation systems like Chapter 11 may act as a safe haven
for distressed firms during adverse macroeconomic conditions, enabling some of
them to recover and perhaps be acquired, thus attenuating the impact of
macroeconomic instability on bankruptcy hazard' (Bhattachaje et al, 2004). To
sum up, financial distress is less likely to lead to bankruptcy in the US, while,
when it leads to it UK legislation backs bondholders interests more than what
happens in Germany and France. A one per cent increase in the implicit volatility
enlarges BB indexes credit spreads of 2.7, 2.5 and 3 basis points in the US, UK
and Eurozone areas respectively.> Cremers et a (2004) use implied volatility
levels and the volatility skew starting from individual stock option data, in order
to check the importance of volatility and jump risk on corporate spreads. In a
comparation with CGM (2001) results, they find that aggregate (stock index)
implied vol and skew has less economic impact than individual data. Our results
confirm that general stock market volatility has a limited (but still significant)
effect on credit spreads. On the other hand, jump risk (ie the risk of jumping to
default or near-default), measured by volatility skew, is a variable that, by
definition, is more linked to individual issuer than to general market. It is not so
unreasonable, so, that our estimates did not find a significant relationship between
volatility skew and index credit spreads.

A one per cent change in the SMB factor reduces the BBB index credit spread
of 1.7 bpsin the US, and 1.3 in the UK. The effect of the US Leading Indicator
(the same variable for all markets) is also comparable in all areas generating a
reduction of credit spreads with an increasing effect along the credit curve of 1G
indexes confirming the sensitivity of UK and Eurozone financial markets to the

*2 Implicit volatility is significant aso for IG US indexes, where a one percent increase widens
spreads of 0.5 bps.
% |t is significant for the HY Eurozone index with a coefficient of 11 bps.
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US business cycle. Swap spreads (on the 5-year maturity for the US and
Eurozone, and on the 10-year maturity for the UK>') have a comparable effect in
the three areas. A 10 bps increase in the swap spread generates a widening of
credit spreads of around 4 bpsin the three markets.

Comparing our results with those in the recent literature, we can highlight
some more points. Boss and Scheicher (2002) use 2 Euro indexes, Industrial and
Financial, with 3 years of weekly data > and swap data. Their finding is that
mainly interest rate variables explain spread changes, and, in alesser extent, stock
market variables. Their analysis does not have the distinction between 1G and HY,
or by sector or rating. Moreover, they have a far limited set of explanatory
variables (for example, they missinstitutional investors data and implied volatility
data). This paucity of data (especially the lack of HY data) can be one of reason of
not having stock market variables as strongly significant factors in their
regressions in the Euro area.”®

Avramov, Jostova and Philipov (2005) analyse US corporate bonds, using
aggregate and firm level variables as regressors. Their data set include IG, HY
and unrated firms, classified by spreads. They find that individual volatility and
price-to-book ratio play a role in explaining credit spreads of corporate bonds,
especialy for low rated firms; moreover, Fed monetary policy is significant only
for high grade bonds. Their analysis, however, is limited to US bonds, does not
have a distinction by sectors, and, importantly, do not consider embedded options
in the bonds.>” Our analysis is, instead, based on indexes. This approach on one
hand excludes the use of some variables, as firm level variables such stock or
volatility, causing the expected explained variation to decrease; on the other hand,
however, can be important to disentangle some important relationship regarding
‘clusters’ as credit ratings and sectors, among others. Lastly, using credit indexes
has the important consequence that every month, with the rebalancing, every
index has a‘constant quality’ in terms of rating and maturity. In this way, we can
limit the ‘rolldown’ effect for the maturity (credit spreads tend to reduce as
maturity approaches), and rating migration for the dependent variables; both these
effects could introduce some bias in the analysis. Moreover, our dataset include

> The 10-year replaces the 5-year swap spread in the UK areafor lack of data.

*® Noteworthy, using weekly data they introduce in this way a change of month bias (composition
of indexes changes at the end of every month).

* They do not analyze any direct relationship between Euro and US markets, but they only
statically compare their results with an estimate on a US industrial credit index, not checking if US
data can be a significant factor for Euro markets.

" Our dataset is based on option adjusted spreads that take into account the presence of options
(typicaly call options) in the bonds. Option value, as the right for the issuer to call the bonds,
change over time, both when there is change of monetary policy (viainterest rate level) and when
the firm's credit worthiness improves, with consequent credit spread reduction. Not taking into
account optionality can result in a distortion of results. Moreover, classifying by spread unrated
bonds, especially when there are embedded options, can be much more problematic for the
analysis.

28



some variables, as ingtitutional investors flows, that do play a role in explaining
corporate spreads.

Ericsson et al (2004), using CDS premia, find that leverage, volatility and
interest rates are important determinants of CDS premia, but they can explain only
23% of variability for spread changes. This could be partly attributed to their
database, that is non-syncronous.

Finally, the analysis outlines a result (completely) new to empirical literature
on comporate spreads, ie the presence of common determinants of credit spread
changes between US and Euro zone. Regarding interest rates, european long term
yields tend to covariate with US bonds; using the spread between the two areas as
a regressor, we insulated the effect in the analysis. Even if ECB did not change
rates in this period, interest rate term structure is a function, between other things,
of expected growth and inflation, and US cycle seems to have a great impact on
the Euro zone. This is confirmed, on the other hand, by the results regarding US
leading indicators, which are shown to exhert an important influence on european
credit spreads.

5 Robusthess check

We perform some robustness checks on our results: i) Chow tests to control for
structural breaks; ii) reestimation of the model with higher frequency data; iii)
inclusion of lagged variables; iv) Principal Component Analysis.

We first divide the sample in each of the three areas into two subperiods™ and
perform a Chow test to check for structural stability of the model.*® The absence
of structural breaks is rejected at the five per cent significance level for 6 indexes
in the US estimates,®® (US Corp AAA 15+ Yrs, US Industrial Corp AAA, US HY
Containers, US HY Restaurants, USHY TextilesApparel, HY USB 10+ Yrs) for
one index in the Eurozone estimates (European Currency High Yield BB Rated)
and for no indexesin the UK estimates.

Given the high number of indexes considered® the number of cases in which
the null isrgjected is extremely low: less than 3% in the US, 1% for the Eurozone
area and nil for the UK. This result emphasizes the substantial stability of
parameters in our estimates.

% Subperiod estimates are omitted for reasons of space and are available from the authors upon
request.

% We use sample halves as breakpoints in each geographical market. Consequently, the last month
of the first subsample is May 2000 for the US, November 2000 for the UK and June 2000 for the
Eurozone.

% Huang and Kong (2003) reject the null of no structural break for two (AA-AAA 15+ Yrs) out of
nine considered indexes.

61 207 US, 125 UK and 118 EU indexes.
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We perform the second robustness chek by repeating our estimate on higher
frequency series (weekly instead of monthly data). We calculated weekly changes
using Wednesday data in order to avoid end of week distortions generated by low
volumes or insufficient liquidity.®

The choice of using higher frequency data has some costs. The first isthat, in
alimited number of cases, the change is not measured by an index with the same
constituents. This is the case when two adjoining Wednesdays belong to two
different months.

The other problem is the loss of all those regressors which cannot be
measured on weekly basis. We therefore cannot use the Conference Board
indicator, the Fama and French risk factor, and volumes of HY sales or purchases
from institutional investors. For this reason, we reintroduce in our estimates also
other regressors which we did not considered in our final estimates. These are the
slope of the yield curve and interest rate volatility. Furthermore, we do not have
implicit volatility of options on the Russell 2000, on the Bund future and on the
Gilt. We replace them respectively with the implicit volatility of the options on
the Standard & Poor’s 100, and with swap options on 10-year euro and sterling.
The final specification of the determinant of OAS on weekly basis on the USis

DCS, = a+B,A(5y), +B,A(2_10), +B,A(tyl), +B,(russ2), (5.1)
+BA(spl00iv), + B,A(SWSP5), + €,

where 5y is the 5-year Treasury yield, 2 _10 is the spread between 10 and 2-year
Treasury yield, tyl is the implicit volatility (in basis points) of the options on the
10-year Treasury bond future, russ2 is the return of the Russell 2000, sp100iv is
the implicit volatility of the options on the Standard & Poor’s 100, swsp5 is the
spread between the swap rate and the 5-year government bond yield. Estimates
results (Table 4A) show that R? are smaller and some t-stat less significant (with
respect to monthly frequency estimates) as expected given the loss of important
regressors™ and, presumably, the use of OAS changes across the end of month
rebalancing of indexes. Nonetheless, our R%s range from 24 per cent of the total
|G index, to 44 per cent of the total HY index. The highest value is 50 per cent for
the HY 5-7 Yrsindex. Interest rate levels, stock returns, swap spread, and implicit
volatility on rates for HY bonds are al significant and their coefficient are of

62 \When wednesday is an holiday we measure the change by using thursday data.

® These are sales and purchases of HY bonds from institutional investors, the Leading indicator
and implicit volatility on Russel 2000, which was more significant than S& P100 implicit volatility
in monthly estimates. This last evidence can be linked to the fact that Russell 2000 represents
more closely the investment universein corporate bonds, both 1G and HY, given that comprehends
small and medium sized companies. In fact, Russell 2000 Index is comprised of the smallest 2000
companiesin the Russell 3000 (general) Index.
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maghitudes comparable with those obtained in monthly estimates,® confirming
robustness of our estimates to changes in frequency.

The specification of the determinant of OASs in the UK market on weekly
datais

DCS =o+ BlA(Sy)t + BzA(SpSy)t + BsA(Z_lo)t + B4A(SN010)t (52)
+ B (ftsesm), + B A(ftseiv), +B,A(swspl0), +¢,
where 5y is the 5-year UK Treasury yield, sp_5y is the spread between the 5-year
US and UK government bond, 2 10 is the spread between 10 and 2-year UK
Treasury yield, swol0 is the implicit volatility of swap options on the 10-year
rate, ftse_sm is the return of the Ftse Small Cap index, ftse iv is the implicit
volatility of the options on Ftse 100, swspl0 is the spread between the swap rate
and the 10-year government bond yield. Table 4B shows R?s ranging from 20% to
29% for, respectively, the overall IG and HY indexes. Interest rates, stock returns,
implicit volatility and swap spreads are statistically significant. Their coefficient
magnitude is comparable with that of monthly data, confirming the robustness of
monthly data results.

The specification of the determinant of OASs in the Eurozone market on
weekly datais

DCS, = a +B,A(5Y), +B,(sp5yY), +B,A(2_10), +B,A(swol0), (5.3)
+ B (eustox), + BA(daxiv), + B,A(swsp5), +¢,

where 5y is the 5-year Bund, sp 5y is the spread between the 5-year US and
German government bond, 2_10 is the 10-year- 2-year spread between German
bonds, swo10 is the implicit volatility of swap options on the 10-year rate, eustox
is the return of the Eurostoxx index, daxiv is the implicit volatility of options on
the Dax index, swsp5 is the spread between the swap rate and the yield of the five
year government bond. Table 4C shows that our R’s range from 0.41 of the |G
index and 0.19 of the HY index. Interest rate level and spread, stock returns, stock
volatility and swap spread are statistically significant and with coefficients which
are comparable with those from our monthly estimates.

As already mentioned, we have also added lagged variables of the regressors,
and found that results are robust to their inclusion; coefficients are low, and
moreover they are not statistically significant. This result can be explained by the
fact that data are mainly constructed as variations, and have monthly frequency.
Given that financial markets tend to react quickly and adjust to new information,

& As an example estimates of the impact on the overall 1G US index of interest rate levels, stock
return and swap spread exhibit coefficients respectively of —10, —43 and .33 in monthly estimates
and of —10, —32 and .29 in weekly estimates.
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this could be interpreted as a piece of evidence of market efficiency, and it also
seems quite plausible.®®

Finally, in order to check the parsimonious specifications used in the
estimation, compared to all the available variables in our database, we perform a
Principal Component Analysis (PCA) on the estimation errors of the regressions.
Our aim is to check if in the covariance matrix of the time-series regression
residuals there exists an unidentified common factor that explains a significant
portion of the variation of the errors. We cannot use the regression errors of al the
indexes, given that we would have the same bond in more indexes, say in rating A
index and Financial index for a bond of these characteristics. Along the lines of
Collin-Dufresne, Goldstein, Martin (2001), we insulate different dimensions to
order the indexes to use in the analysis, to avoid double-counting of constituent
bonds. For the three areas, we take indexes each distinct by rating and maturity.®®
In this way, we have 24 indexes available for US and UK, and 19 indexes for the
Euro area.®’

The results, reported in Table 5A, show that for the three areas the first
component accounts for 40-43% of the unexplained variance; between 13% and
16% of the variation is instead due to the second component. The first principal
component has diverse weights in al the three analyses, and there also appear
negative weights in UK and in the Euro area. Collin-Dufresne, Goldstein, Martin
(2001) report afirst principal component explaining 75% of the variation in their
regression errors, with similar weights in the eigenvector, resulting in a equal
weighted portfolio along bond groups; they conclude that this is evidence of a
large systematic factor not captured by the regressors. By the contrast, our
analysis shows a much lower variation explained by the first component, and

® The use of all contemporaneous variables could |eave the door open to the eventual problem of
endogeneity. None of the empirical works in this area anyway tackles this issue, and empirical
determinants of credit spreads, using either levels or variations, are used at the same time intervals
of bonds. Given the kind of analysis and the huge database under investigation, in fact, the use of
techniques such as systems of equations or an instrumental variable approach are quite hard to
implement. Anyway, the relative bigger dimensions of risk-free markets and equity markets
compared to corporate bond markets could be an argument over which one could suppose a
limited (if any) problem of thistype.

% Collin-Dufresne, Goldstein and Martin (2001), in order to do a principal component analysis
using corporate bonds, construct 15 diffents bins of regression residuals, distinct by different
rating and maturity, or by leverage and maturity; afterwards, they take the average residual for
each bin, and extract the principal components of the covariance matrix. Ericsson et al (2004) use
PCA on regression residuals of both levels and differences regressions on CDS, anaysing the
correlation matrix of the errors. Given the particular structure of their data, they concentrate first
on the 15 companies with the highest numbers of observations, and then they order the data along
leverage in 5 bins.

% The indexes in US and UK are distinct by maturity in 6 groups (1-3, 3-5, 5-7, 7-10, 10-15,
15+), and by rating in 4 groups (AAA, AA, A, BBB), with a total number of 24 indexes. In the
Euro area, the maturity groups areinstead 5 (1-3, 3-5, 57, 7-10, 10+), and theindex BBB, 10+ is
not available; therefore we have 19 indexes.
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diverse weights in the eigenvectors. The PCA seems therefore to underpin that no
clear systematic component liesin the regression residuals.

To double-check our results, we undertake a principal component analysis
also on delta credit spreads, to evaluate by comparison how much of the variation
is explained by the regressors used in the analysis. The results, reported in Table
5B, show that the first principal component accounts for 73—75% of the variation
in al the areas, whereas the second component explains between 9% and 15%.
Moreover, the weights of the first eigenvectors are similar, resulting in an equally-
weighted portfolio, and no negative weights are reported. By comparison with the
PCA conducted on the residuals, we can see that a large part of the variation is
captured by the regressors used in the analysis.

The analysis on the three markets commented in this section seems to show
that significance of determinants of delta credit spreads is quite robust to changes
in data frequency, sample period, and inclusion of lagged variables. Moreover,
principa component analysis shows that there is no evidence of clear systematic
factor left in the residuals, and that regressors capture large part of the variation.

6 Conclusions

We analyse the determinants of the variation of option adjusted credit spreads
(OASs) on a unique database which enlarges the scope of the analysis of the
current empirical literature to more disaggregated indexes (combining industry,
grade and maturity levels), new variables (volumes of sales and purchases of
ingtitutional investors, monthly downgrades and default frequencies) and a
complete set of markets (beside US, UK and the Eurozone). Our results explain a
higher portion of credit spread variability (adjusted R squared up to 61 per cent
for the US, 49 per cent for the UK and 61 per cent for the Euro area) than recent
literature empirical findings which focus on the US market only.%®

The variables which are more significant are the same across the three
markets (changes in interest rates, changes in the swap spread, stock market
returns, implicit volatility of stock index options, leading indicators of the
business cycle and purchases and sales of HY from institutional investors for the
US market). The significance of a variable which has never been considered in the
literature (purchases and sales of HY from ingtitutional investors) seems to
confirm that trading decisions of institutional investors bring into the market

% For example, Collin-Dufresne, Goldstein and Martin (2001) explain between 20% and 30% of
credit spread variability of US industrial bonds between July 1988 and December 1997, and up to
40% when they use lagged variables in levels. Elton, Gruber, Agrawal and Mann (2001) explain
up to 30 per cent of the spread unexplained by default premium and tax distortions with a three
factor Fama and French (1995) model for Industrials bonds, concluding that large part of the risk
is systematic, exactly asin the stock market.
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information which is not captured into stock market performance, implicit
volatility and other regressors considered in the estimates.

Our results confirm that HY indexes and cyclical industries (such as
Automotive, Consumer Cyclicals, Services Cyclicals, e high tech) are much more
sensitive to stock market and business cycle variables than, respectively, 1G
indexes and industry non cyclical indexes.

Comparability across different markets shows that DCSs determinants have
effects which are quite similar in magnitude in the three areas, in spite of the
inevitable heterogeneity in regressors and in representativeness of bond indexes.
A relevant exception is the largely higher significance of stock returns on HY
bonds in the Eurozone than in the US area. We suggest that differences in
bankruptcy regulation across different markets may affect this result. Another
relevant cross-market result is the effect of US leading indicator on UK and
Eurozone OAS, and the spread between US Treasury and Gilt or Bund,
confirming the sensitiveness of the two European markets to the US business
cycle.

Finally, the lack of significance of Moody’s monthly default rates® suggests
that these data do not add on average significant information to that already
incorporated in the credit spreads.

% Or, dternatively, the percentage of downgrades on the total sample.
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Tables

Table 1A. The option adjusted credit spread database
UsS UK Eurozone
Tota number of indexes 207 125 118
Investment Gradeindexes

Total number of indexes 87 119 108
avallable
Ratings split AAA,AA,A,BBB AAA,AA,A,BBB AAA,AA, A, BBB
Maturity split 1-3, 3-5, 57, 1-3, 3-5, 57, 7-10, 1-3, 3-5, 57,

7-10, 10-15, 15+ 10-15, 15+ 7-10, 10+
Ratings / maturity split Available Available Available
Macroindustries split Available Available Available
(Financial, Industrials,
Utilities)
Macroindustries/rating Yes Yes (for Financials, Yes (for Financials,
split Industrials) Industrials)
Macroindustries/maturity Yes Yes (for Financials, Yes (for Financials,
split Industrials) Industrials)
Industry split within Yes (for Financials, Yes(for Financials, Yes(for Financials,
macroindustries Industrias) Industrials) Industrials)

High Yield indexes
120 6 10
Ratings split BB, B, CCC-C BB, B, CCC-C BB, B, CCC-C
Maturity split 1-3, 35,57, no no
7-10, 10-15,
15+*

Industries split Yes no no
Period 1/1997 — 11/ 2003 1/1998 — 11/ 2003 1/1999 — 11/ 2003
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Table 1B.

Synthesis of results on the significance of
individual indicatorsin separ ate estimates

us

us

UK

UK

Eurozone

Eurozone

Pos. sign

Neg. Sign

Pos. sign

Neg. Sign

Pos. sign

Neg. Sign

Interest rates

5-year US Treasury bond yield
Difference between the 10y and the 2y
Treasury bond yield

Implicit volatility of the options on the
10-year Treasury bond future

Implicit volatility of the options on the 30
year US bond future

Implicit volatility of the options on the 5-
year US bond future

Skew US Treasury

Implicit volatility of swaptions on 5-year
ahead interest rate with 5-year maturity
(for respective areas)

Yield on the 5-year German government
bond

Spread between the 5-year US and
German govt bond

Difference between the 30y and the 2y
German govt bond

Implicit volatility of the options on the
10-year German government bond

Skew bund

Yield of the 5-year Gilt (UK)

Spread between the 5-year US and UK
govt bond

Difference between the 10y and the 2y
UK govt bond

Gilt options implicit volatility

Skew gilt

11

96

2

96

74

85

Business cycle

US Lagging indicator

US Leading indicator

US Coincident indicator

Eurozone Business Climate

Eurozone Economic serntiment indicator
Eurozone Handesbl att leding indicator
UK Leading indicator

UK Coincident indicator

43

90

36

18

16

90

23

31

Stock market

Monthly stock returns of the Russel 2000
Implicit volatility of options on Russel
2000

Fama-French Size risk factor (for
respective areas)

Fama-French HML risk factor (for
respective areas)

Skew (difference between implicit
volatility of OTM and ATM options) US
Return of the Eurostoxx index

Implicit volatility of the options on Dax
Skew (difference between implicit
volatility of OTM and ATM options)
Eurozone

Stock return of the Footsie All index
Implicit volatility of options on the Ftse
100

Skew (difference between implicit
volatility of OTM and ATM options) UK

29

76

62

13

83

74

41

78

90

Liquidity

Spread between swap and yield of 5-year
US government bond

Spread between on the run and off-the-
run (30 year) US government bond
Bid-offer spread on the 30 year US
treasury bond

88
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us

us

UK UK

Eurozone

Eurozone

Pos. sign

Neg. Sigh

Pos.sign Neg. Sign

Pos. sign

Neg. Sigh

Spread between swap and yield of 5-year
German Bund

Spread between on the run and off-the-
run (10-years) Bund

Bid-offer spread on the 10-year
benchmark (Eurozone)

spread between swap and yield of 10-year
Uk Gilt

Spread between on the run and off-
benchmark (10-years) UK government
bond

Bid-offer spread on the 10 year UK Gilt

94

86

54

Institutional investorsand rating
agencies

Hy US bond purchases of institutional
investors

Hy US bond sales of institutional
investors

% of defaulted HY bonds (US)

Ratio of downgraded bonds (US)

% of defaulted HY bonds (Eurozone)
Ratio of downgraded bonds (Eurozone)
% of defaulted HY bonds (UK)

Ratio of downgraded bonds (UK)

61
12

16
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L egend for tables 2A-4C

Tables 2A-2C

Dependent variables are monthly changes of Option Adjusted Spreads of Merrill
Lynch Corporate indexes. Each change is calculated before monthly rebalancing
in order to ensure invariance of index constituents for a given spread change.
Indexes are divided for rating, maturity and industries. Data are measured in basis
points. Each table reports estimated coefficients, t-stats and adjusted R-squared.
T-stats are calculated by using Heteroskedasticity and Autocorrelation Consistent
Covariances with the Newey-West covariance matrix estimator (truncation lag is
set to three).

Table 2A reports findings for the US market for a sample period ranging from
1/1997 to 11/2003. The specification is the following

DCS, = 0.+ B,A(SY), +B,(russ2), +B;A(riv), +B,(smb), +BsA(lead), +BA(swspS),
+B,A(hy _b), +B:A(hy _s), +¢,

where DCS (Delta Credit Spread) is the change of the option adjusted credit
spread, 5y is the 5-year Treasury bond yield, russ2 is the return of the Russel
2000, riv is the implicit volatility of the options on the Russell 2000, smb is the
Fama-French Small-minus-Big factor, lead is the Leading Indicator del
Conference Board, swsp5 is the spread between swap and yield of 5-year
government bond, hy b (hy_s) aretotal HY US bond purchases (sales) of Lehman
Brothers professional investors.

Table 2B reports findings for the UK market for a sample period ranging from
1/1998 to 11/2003. The specification is the following

DCS =a+ BlA(Sy)t + BZA(spSy)t + Bs (ftse_dl), + BA.A(ftse_iV)t + Bs (smb),
+BeA(lead _us), +PB,A(swspl0), +e¢,

where 5y isthe 5-year UK Treasury yield, sp_5y is the spread between the 5-year
US and UK government bond, ftse all is the return of the Ftse All Share index,
ftse iv is the implicit volatility of options on the Ftse 100, smb is the Fama
French Small-minus-Big factor, lead us is the Leading Indicator of the US
Conference Board, swspl0 is the spread between the swap rate and the 10-year
government bond yield.

Table 2C reports findings for the Eurozone market for a sample period ranging
from 1/1999 to 11/2003. The specification is the following

DCS, = o+ B,ASY), +B,A(SpSY). + B (eustox), +B,A(dax _iv), +B;(smb),
+BeA(lead _us), +B,A(swspS), +e,

where 5y is the yield on the 5-year German government bond, sp_5y the spread
between the 5-year US and German government bond, eustox is the return of the
Eurostoxx index, dax_iv isthe implicit volatility of the options on Dax, smb is the
Fama-French Small-minus-Big factor, lead us is the Leading Indicator of the US
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Conference Board, swspl0 is the spread between the swap rate and the 10-year
government bond yield.

Tables 3A-3B
Table 3A reports findings for the US market for a (restricted) sample period
ranging from 1/1999 to 11/2003. The specification is the following

DCS =a+ BlA(Sy)t + BZ(I’USSZ)t + BsA(riV)t + B4 (smb), + BsA(Iead)t + BGA(SNSpS)t
+B,A(hy _b), +B:A(hy _s), +e,

variables are the same as those from Table 2A.
Table 3B reports findings for the UK market for a (restricted) sample period
ranging from 1/1999 to 11/2003. The specification is the following

DCS =a+ BlA(Sy)t + BZA(spSy)t + Bs (ftse_dl), + BA.A(ftse_iV)t + Bs (smb),
+B;A(lead _us), +B,A(swspl0), +¢,

variables are the same as those from Table 2B.

Tables4A-4C

Dependent variables are weekly changes of Option Adjusted Spreads of Merrill
Lynch Corporate indexes. Weekly data are calculated between two adjoining
Wednesdays. We select as regressors all those included in estimates on monthly
data which are available at weekly fequency. Indexes are divided for rating,
maturity and industries. Data are measured in basis points. Each table reports
estimated coefficients, t-stats and adjusted R-squared. T-stats are calculated by
using Heteroskedasticity and Autocorrelation Consistent Covariances with the
Newey-West covariance matrix estimator (truncation lag is set to four).

Table 4A reports findings for the US market for a sample period ranging from
1/1999 to 11/2003. The specification is the following

DCS =a+ BlA(Sy)t + BzA(Z_lo)t + BsA(tyl)t + B4(I'U582)t + BsA(Sp]-OOiV)t
+BeA(SWspS), +¢,

where 5y is the 5-year Treasury yield, 2 10 is the spread between 10 and 2-year
Treasury yield, tyl is the implicit volatility (in basis points) of the options on the
10-year Treasury bond future, russ2 is the return of the Russell 2000, sp100iv is
the implicit volatility of the options on the Standard & Poor’s 100, swsp5 is the
spread between the swap rate and the 5-year government bond yield.

Table 4B reports findings for the UK market for a sample period ranging from
1/1999 to 11/2003. The specification is the following

DCS =a+ BlA(Sy)t + BzA(SpSy)t + B3A(2_1O)t + B4A(S\N010)t + Bs (ftsesm),
+ BA(ftseiv), +B,A(swspl0), +¢,

where 5y isthe 5-year UK Treasury yield, sp_5y is the spread between the 5-year
US and German government bond, 2_10 is the spread between 10 and 2-year
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Treasury yield, swo10 is the implicit volatility of swap options on the 10-year
rate, ftse sm is the return of the Ftse Small Cap index, ftse iv is the implicit
volatility of the options on Ftse 100, swspl10 spread between the swap rate and the
10-year government bond yield.

Table 4C reports findings for the Eurozone market for a sample period ranging
from 1/1999 to 11/2003. The specification is the following

DCS =a+ BlA(Sy)t + BZA(spSy)t + BsA(Z_lo)t + B4A(SN010)t + Bs (eustox),
+ BsA(daxiv), +B,A(swspb), +¢,

where 5y is the 5-year Bund, sp_5y is the spread between the 5-year US and
German government bond, 2_10 is the 10-year- 2-year spread on the Bund, swol10
isthe implicit volatility of swap options on the 10-year rate, eustox is the return of
the Eurostoxx index, daxiv is the implicit volatility of options on the Dax index,
swsp5 is the spread between the swap rate and the yield of the five year
government bond.
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