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1. Introduction

Considering how ancient the market for government debt is, corporate bond markets have been rather
slow to develop. Dataon the United States go back to the early 1970s (Gilchrist and Zakrajsek, 2012);
on the United Kingdom to 1994 and the Eurozone to 1999 (e.g. Bleaney et al., 2016). A market for
emerging-market corporate debt denominated in foreign currency (generally the US$) developed in
the 1990s (e.g. Durbin and Ng, 2005). In emerging markets, sovereign debt normally carries a risk
premium relative to a US government bond of the same maturity, and except in afew cases corporate
bond spreads tend to follow sovereign spreads. In advanced countries, where debt is typically
denominated in domestic currency, the overwhelming feature of the datais the tendency for corporate
(but not sovereign) bond yields to spike sharply upwards in maor recessions, which has stimulated
considerable research into the predictive power of corporate bond yields. Bond-specific factors such
as default risk, liquidity and tax incidence have also been shown to be important in explaining the
cross-sectional pattern of yields (Elton et a., 2001; King and Khang, 2005).

Where there is a strong correlation between yields on sovereign and corporate debt, the standard
explanation is that, when sovereign debt is high, governments rai se taxes, depressing corporate profits
either directly through corporate taxes, or indirectly through the impact on aggregate demand (e.g.
Bedendo and Colla, 2015, p. 34; De Santis, 2017, p.3). We argue here that this is not the principal
explanation. If it were, it should be observed on all types of debt. The true explanation is that this
correlation exists where the two types of debt are exposed to a common currency risk, and that the
correlation is small when the currency risk is absent. For reasons that need not be gone into here, it is
an empirica fact that defaults are extremely rare for sovereign bonds denominated in domestic
currency, but fairly regular for those denominated in foreign currency (Laeven and Valencia, 2008).
When debt isdenominated in foreign currency (FC), defaultstypically occur in “bad states of the world”
associated with sudden stops in capital inflows and sharp real exchange rate depreciations that raise
the burden of foreign debt whilst simultaneously making it harder to service (Calvo et a., 2004;
Frankel, 2005). Although the creditor is apparently protected against the rea depreciation of the
debtor’s currency by the denomination of the debt in foreign currency, the effect of the increased
burden of the debt in debtor’ s currency isto increase the risk of default.

The countries that joined the euro have historically issued mostly DC debt, which became euro-
denominated debt after 1999. Since this euro-denominated debt is still DC debt, previous experience
would suggest little correlation between sovereign and corporate bond yields. Thisignoresthefact that
spreads relative to Germany on sovereign bonds issued by other Eurozone countries indicate
significant perceived currency risk associated with a possible split into a “soft” and a “hard” euro
before the bonds mature. In other words, in the event of such a split bonds issued by other Eurozone
countries might be repaid in weaker euros than German bonds. This risk applies equally to corporate
bonds. This common currency risk on corporate and sovereign euro-denominated debt issued in the
euro area outside Germany suggests that there should be a significant correlation between corporate
and sovereign bond yields in these countries that is more reminiscent of the historical pattern of FC
emerging-market debt rather than of DC debt issued in advanced countries (Borensztein et a., 2013;
Durbin and Ng, 2005; Peter and Grandes, 2005).



In this study we investigate this i ssue using euro-denominated corporate bond yields for five European
countries. The results support our hypothesis.

The remainder of the paper is structured as follows. Previous research is reviewed in Section Two,
and the data are discussed in Section Thee. The empirical model is set out in Section Four, and results
are presented in Section Five.

2. Literature Review

Structural models value arisky bond as a contingent claim on the firm’s resources. In good states of
theworld, the bond pays out in full as promised; in bad statesit pays out something less, possibly zero.
The bond svalueisaweighted average of the full payment and of what the investor expectsto receive
in the event of default; the weights are respectively one minus the probability of default and the
probability of default. Different models estimate the probability of default differently, as discussed by
Anderson and Sundaresan (2000). For listed firms, it is possible to use data on the level and historical
volatility of the share price in an option pricing model to vaue bonds (Merton, 1974); the model
requires certain assumptions about the laws of motion of stock prices and the costs of default. Bharath
and Shumway (2008) show that the Merton “ distance-to-default” measure performs well as a predictor
of future defaultsin US corporate bonds.

If structural models can explain default probabilities, then they should also be able to explain the
spreads of corporate bond yields over the yield on a safe bond. Empirical studies such as those of
Coallin-Dufresne et a. (2001), Driessen (2005), King and Khang (2005), Bharath and Shumway (2008)
and Gilchrist and Zakrgjsek (2012) confirm thisfor US bonds, asdo Bleaney et al. (2016) for European
bonds. In addition to measures of default risk, variables related to the liquidity of the bonds and tax
effects are also found to be significant (Houweling et a., 2005). A substantia proportion of bondsin
the US market are callable, and Gilchrist and Zakrajsek (2012) modify the model to allow for this.

An important issue is the role of macroeconomic risk in the pricing of corporate bonds. Safe bonds
offer portfolio diversification benefits because in recessions, when equity pricestend to below, interest
rates fall and bond pricesrise. This effect operatesin corporate bonds as well, but it may be swamped
by rising default risk, which is likely to cause corporate bond prices to co-move with equity prices.
This co-movement introduces systematic risk into corporate bond pricing for which investors require
compensation. As Elton et a. (2001, p. 267) express it, “if expected default loss were to move with
equity prices, so while stock pricesrise default risk goes down and as stock pricesfall default risk goes
up, it would introduce a systematic factor.” Of course in the Merton distance-to-default model stock
price movements have precisely this effect. Gilchrist and Zakrajsek (2012) and Bleaney et a. (2016)
extract this macroeconomic risk component as the residual from a structural model of corporate bond
yields, and show that it predicts business cycle fluctuations.

Matters are different in the market for sovereign debt issued by emerging markets and targeted at
international investors. Because contracts are difficult to enforce against sovereign entities, the
literature has centred on whether other sanctions, such asatrade embargo or merely aloss of reputation,

can support lending. Two features of the sovereign debt market are salient: defaults have not
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infrequently occurred, and the debt is usually denominated in foreign currency (typically US dollars)
to attract foreigninvestors. Thesetwo features are not unconnected, because capital flowsto emerging
markets are volatile and subject to surges followed by “sudden stops’, causing sharp real exchange
rate movements that directly affect the burden of debt denominated in foreign currency (Calvo et a.,
2004; Frankel, 2005). Grossman and van Huyck (1988) provide a model in which investors condone
“excusable defaults’ in recognisably bad states of the world, but require a risk premium for doing so.
Klingen et al. (2004) and Lindert and Morton (1989) find the empirical evidence to be consistent with
this model, in the sense that long-run returns on risky debt are similar to those on safe debt. Bleaney
(2008) shows that such an arrangement can support lending that would not otherwise occur.?

The countries that make up the euro area have historically issued most of their debt in domestic
currency, and thenin euros after 1999. By itself, thisobservation would suggest an absence of currency
or default risk, as in the United States or the United Kingdom. But as interest rates converged, there
was a surge of lending to peripheral countries that appreciated their real exchange rates. When, in an
episode reminiscent of emerging-market experience, there was a sudden stop in capital flows after the
global financial crisis, the real exchange rates of periphera eurozone countries were revealed to be
seriously overvalued (Aizenman, 2015). Fears that the recession might create enough political
pressure for countries to leave the euro, or aternatively for a number of periphera countries to band
together in a‘soft’ eurozone that would devalue relative to the *hard’ eurozone centred on Germany,
caused holders of ‘soft’ euro debt (debt issued by periphera countries) to demand a risk premium
relative to ‘hard’ euro debt. Such a currency risk premium of the sort normally associated with debt
denominated in foreign currencies appeared in this case, despite the debt being denominated in
domestic currency, because of doubts about the future value of Italian, Spanish or Portuguese euros.
This currency risk premium would apply to corporate as well as sovereign debt, and would be
additional to any eurozone-wide macroeconomic risk premium.

In this paper we explore the role of bond-specific factors, currency risk and other macroeconomic risks
in the pricing of corporate bonds in the eurozone outside Germany. The literature investigating the
market effects of sovereign risk in the euro zoneis limited to only a few papers. Bedendo and Colla
(2015) compare spreads on credit default swaps (CDSs) on sovereign and corporate debt for eight
Eurozone countries and 118 companies over the period January 2008 to December 2011. They find
that ratings changes on sovereign debt affect corporate spreads, but not vice versa, and they examine
which types of firm exhibit the greatest sensitivity. Krishnamurthy et a. (2017) use an event study
approach to investigate the channels through which ECB quantitative easing policies affected
sovereign and corporate bond spreads relative to German sovereign bonds; they point out that that a
CDS does not always insure against currency risk, and they use the difference between the spread on
a safe corporate bond and the CDS spread to distinguish currency risk from default risk. Finaly, De
Santis (2017) usesthe Bank of AmericaMerrill Lynch corporate bond index to investigate the spillover
of sovereign risk to corporate bonds. He finds a pass-through elasticity from sovereign spreads to
corporate spreads of 0.3 and 0.5 for eurozone non-financial and financial corporations, respectively,

2 See Panizza et al. (2009) for asurvey of the literature on sovereign debt.



with a larger impact for investment grade bonds and for non- financial corporations in Ireland, Italy
and Spain.

The main differences between our paper and De Santisisthat we use sovereign bond yieldsrather than
sovereign CDS rates to capture exchange rate movements, as the latter may not necessarily trigger
CDS payouts and can underestimate the true currency risk (Krishnamurthy et al., 2017). We also use
al outstanding senior unsecured corporate bonds available on Bloomberg rather than an aggregated
bond index, which allows us to control appropriately for firm-specific and bond-specific factors that
affect the spread along the lines of Gilchrist and Zakrajsek (2012).

3. Data

We collect end-of-the-month spread information on all outstanding senior unsecured corporate
bonds,(i.e. those that are not subordinate to other bonds), with aremaining maturity of at least one year,

for aset of seven Euro-area countries (France, Greece, Ireland, Italy, Netherlands, Portugal and Spain)

over the period January 2002 to December 2015 from Bloomberg. The countries were chosen to

represent the largest economiesin the euro area, and the sample period was driven by data availability.

The spread, as calculated by Bloomberg, is the amount that must be added to the benchmark euro zero

coupon swap curve so that a security's discounted cashflows equal its mid-price, with each dated

cashflow discounted at its own interpolated rate, which is equivalent to Gilchrist and Zakrajsek’s (2012)
bottom-up approach of constructing the spread from individual bond-level data. Our selection criteria
remove bondsthat areilliquid or have nonstandard features; thus, we only include bonds denominated

in Euros, with afixed coupon schedule, with an amount outstanding of at least one million Euros, and

with amaturity at issue of lessthan 30 years, and we also exclude bonds with call and put options. The
above selection criteriayielded 1999 corporate bonds, and after removing the 1% and 99" percentile of

the distribution to mitigate the effect of outliers, we obtained a sample of 1619 bonds and 365 firms.

We also obtained other datafrom Bloomberg on coupon, issue and maturity date, amount outstanding,

Macaulay duration, and the Standard & Poor’s issuer rating, market of issue, issuer name and the
issuer’ sindustry sector.

In order to capture the default risk of the bond issuersin our sample, we obtained access to Moody’s
KMV firm-level database of Expected Default Frequencies (EDFs).® We used the Moody’ s-specific
Personal Firm Identifier code, the firm’s unique international SEDOL code and full company name to
manually match the bond issuersin our sample and assign amonthly EDF measure for all bondsissued
by agiven firm. Asthe EDF measure is available only for publicly listed companies and the SEDOL

3 Moody's KMV provides the Expected Default Frequency measure—a forward-looking probability of default metric—
which is available for quoted firms and sovereigns and is the market standard bond risk measure. The EDF measure is
compiled using Moody’s default database and leverages market data, industry, volatility, financial statement data, and
historical default information in a proprietary financial model.



code was not available for al issuers covered by the Moody’s dataset, this yielded a final matched
sample of 473 corporate bonds and 123 firms across ten industry sectorsin five countries.*

Figure 1 shows the evolution of the corporate bond spread for the five individua countries. The
correlation between the seriesis remarkably high, especialy up to the financial crisisof 2007-09. After
that France and the Netherlands have lower spreads than the other three countries. All countries peak
in 2008Q4 and then again at the start of 2012, in the context of the Euro sovereign debt crisis. Portugal
follows a similar pattern to the other countries from January 2013 when it is available. Spain is a
particular casein the sensethat it peaksin four stages, thefirst being as early as August 2010 (followed
by December 2010, December 2011, and June 2012) and the magnitude is also highest at just above
5%. Compared to France and the Netherlands, we can aso note that Italy, Portugal and Spain have a
much higher corporate bond spread during the sovereign debt crisis period. Figure 2 shows the
sovereign bond spread of each of the sampled countries relative to Germany. Here too thereisasharp
contrast between the core and peripheral Euro countries, with Italy, Portugal and Spain reaching a
spread of over 5% during the sovereign debt crisis while Netherlands and France remain below 1.5%.

Table 1areports data on bond characteristics in aggregate across all the countries in our sample, and
Table 1b reports the breakdown by country. There are 21,541 bond-month observations in our data
sample. The mean firm in our sample has between nine and ten senior unsecured issues outstanding in
any given month, with a maximum of 33 issues from a single firm trading in the secondary market at
any point in time. Table 1la shows that on average a corporate bond in our sample has an expected
spread of 1.21% over the comparable Euro swap curve, with a standard deviation of just under 1%,
reflecting the relatively wide range of bond quality in our sample. The average comparable corporate
bond spread in Germany is 0.93% with a considerably lower standard deviation of 0.3% and a
maximum of 2.2%. The average coupon rate in the sample is 4.4% with a maximum of 8.5%.

In terms of default risk, as measured by the S&P bond ratings, our sample spans almost the entire
spectrum of bond quality from financially vulnerable firms rated B+ to secure firms rated AA. The
distribution of the amount of debt outstanding of these issues is positively skewed, with the range
running from €4.7 million to €2.5 billion. The maturity of the issues in our sample is long, with an
average maturity at issue of 10.2 years and an average remaining term-to-maturity of 7.3 years. The
average duration isequal to approximately 6 years; thisislessthan the average maturity sinceall bonds
in our sample pay regular non-zero coupon payments over their life.

A notable feature of Table 1b is that the market appears to have assigned much lower sovereign risk
to France and the Netherlands than to the other countries, to judge by their much lower and lessvolatile
sovereign spreads. We shall examine these two “hard euro” countries separately from the “ soft euro”
countries (Italy, Portugal and Spain).

4 The distribution of industries across countries shows some wide distribution; for example, the most prominent industries
in the countries in our sample are Utilities (25% of the sample), Industrial and Consumer non-cyclical, Communications,
Consumer cyclical followed by Financial (4% of the sample). Greece and Ireland drop out due to data availability.



Table 1c presentsthe cross-correlations across all the sampled countries. We can note that the corporate
bond spread is positively correlated with the following variables: the sovereign bond spread relative
to Germany, the average German comparable corporate bond spread, the expected default frequency
and the option market Euro volatility, and negatively correlated with the S&P rating. These
observations are in line with our hypothesis that corporate default risk is positively associated with
sovereign default risk and currency volatility.

4. Estimation Methodology

Our empirical methodology followsthelines of Gilchrist and Zakrajsek (2012) and Berndt et a. (2008),
in that the corporate bond spread on bond k issued by firm j in country i at timet, S;;, isassumed to
be related linearly (in logarithms) to a firm-specific measure of expected default, EDFj;,, and a set of
baseline explanatory variables to allow for liquidity and tax premiums, V;;;, as in King and Khang
(2005), Gilchrist and Zakrajsek (2012) and Bleaney et a. (2016). We a so include the sovereign spread
relativeto Germany, SOV SPRD;,, which weinterpret asameasure of currency risk, as discussed below.
The modd is:

In(1+ Sitx) = a; + by xIn(1+ SOV SPRD,) + ¢ * In(1 + EDFl.tj) +di*In(Vig) + e
(1a)

The sovereign spread, SOV SPRD;;, is defined as the country-specific government spread between the
10-year government bond yield and the 10-year German government bond yield. If the Euro were to
split into two or more currencies, bonds issued by governments other than Germany might turn out to
be worth less than German bonds despite being repaid in full, but in adepreciated currency. Thisrisk
would apply equally to corporate bonds issued outside Germany. In both casesinvestorswould require
compensation for the currency risk, which would create a correlation between sovereign spreads and
corporate bond spreads, asin emerging markets.

EDF;;, is the Moody's KMV firm-specific time-varying Expected Default Frequency and is our
measure of credit risk. It isessentially ameasure of the probability of the share price hitting zero over
agiven period. A firm with ahigher EDF valueis morelikely to default over the next year, and would
therefore have a higher spread over the corresponding risk-free rate to compensate the buyer for the
increased risk. We expect a positive relationship between EDF;;; and the bond spread as a higher
default risk probability will attract a higher spread in compensation for the increased risk of default.

The vector of bond-specific characteristics, V;;,, includes. mid-Macaulay duration, DUR;;;, , the
amount outstanding, A0S;, the fixed coupon rate, CPN;,, the age of the bond issue, AGE;;,, and the
issuer Standard and Poor’s rating, S&P rating;,;. These variables have been shown to be correlated
with corporate bond spreadsin previous studies (e.g. King and Khang, 2005). Therating variableis an
equivaent numeric variable assigned to each rating in the S& P scale, the poorest rating being one.



The Macaulay duration, DUR;;.[k], is defined as the weighted average maturity of the bond’s cash
flows, where the weights are the present values of the cash flows. It is in effect the average maturity
of all future payments to holders of the bond, weighted by their present value, and should have a
positive coefficient. The coupon, CPN;;[k], is the ratio of annual interest rate payments to the face
value of the bond. A higher coupon attracts a higher tax liability which in turn requires a higher yield
in compensation, so we expect apositivesign onthe CPN;;, coefficient. We consider only bondswith
afixed coupon. The amount of debt outstanding, AOSj;[k], is used to control for any liquidity effects,
aslargeissues are likely to be more frequently traded in the market. Since thisimplies alower spread,
we expect a negative coefficient. Lastly, AGEj;[k] represents the years since the issue date of a bond
and increases over time until maturity. The liquidity of bonds may vary with age (Elton and Green,
1998), but the coefficient could be of either sign. King and Khang (2005) find a significant positive
coefficient for US corporate bonds. Finally the S& P credit rating may capture soft information that is
complementary to the market-based measure of default risk (Loffler, 2007). A higher credit rating
should attract alower yield, so we expect anegative sign on the S&P rating ;. coefficient.

We apply a logarithmic transformation to al variables except the S&P rating. For a bond's age,
duration and issue size the transformation is of the form In(variable), and for the remaining variables,
including spreads, the transformation is of the form In(1+variable).®

We evaluate a second specification, shown in model (1b) below, which includes a quadratic term of
the EDF to allow for any nonlinear effects of leverage on credit spreads (Levin et al. 2004).

Furthermore, we include additional controls, Z;., as indicators of the volatility of the euro, according
to specification (1c) below:

2
In(1 + Sitx) = @1 + by *In(1 + SOV SPRD,) + ¢; * In(1 + EDF,)) + dy In(1 + EDF ;)" + f,

*In(Vig) + eqier

itj

(1b)
In(1+ Sitx) = a; + by xIn(1 4+ SOV SPRD, ) + ¢q * In(1 + EDFyj) + dy *In(V,,,) + f, *In(1 + Z;,)
+ €1tk
(10)

The vector of euro volatility measures, Z;;, as captured by both the sovereign bond market and the
currency options market includes: the EUR_USD DE Gt yld spread defined as the spread between
Euro- and USD-denominated German sovereign bonds, the 3-month Delta 25 volatility, which is
Bloomberg’ s option market volatility of the Euro, and the Average of DE Corp bond spreads, defined
as the average of all German corporate bond spreads measured in the same way and over the same

5> Natural logarithms of one plus the measures of the spreads and bond-level characteristics provide useful
transformations to control for heteroscedasticity, given that the distribution of these variablesis highly skewed. They also
avoid negative values inherent in calculations with small values. In this case, the percentage change interpretations are
closely preserved and it is acceptable to interpret the estimates asif we used the logarithm of the variable (Wooldridge,
2006, chapter 6.2, page 185).



time period as the rest of the corporate bond spreads in our sample from Bloomberg. The inclusion of
the first two variables is motivated by Hui and Chang (2010) who find that the creditworthiness of
countries is an important determinant of currency option prices. The EUR_USD DE Gwt yld spread
reflects the perceived risk of denomination in hard euros relative to the dollar, and should mostly
capture an interest rate differential as German bonds should have no more default risk than US bonds
since Germany has a lower debt/GDP ratio compared to the US; hence the currency risk between the
two countries could go in either direction. The Euro option market volatility reflects the market view
of the likelihood of larger moves in the spot price over the next 3 months. It is a measure of a change
in the option price with respect to a small change in the underlying exchange rate of the euro, and
captures euro crash risk as anticipated by option market participants; the higher the value, the higher
the crash risk, so we expect it to be positively related to the bond spread. Lastly, we include an average
of German corporate bond spreadsin order to capture genera (non-currency) macroeconomic risk that
is common to the whole Eurozone, which we expect to have a positive coefficient. These controls are
added sequentially to our model (1c); the EUR USD DE Gwvt yld spread isincluded in levels asit can
take on negative values.

We estimate the models using OLS at bond level at monthly frequency, with two-way clustering of
standard errors at both country (i) and time (t) dimensions (Cameron et al., 2011). The resulting
standard errors are thus robust to arbitrary within-panel autocorrelation (clustering on country) and to
arbitrary contemporaneous cross-panel correlation (clustering on time)®.

5. Results

We estimate the model of corporate bond spreads for two separate groups of countries — the countries
where there is little perceived currency risk (France and the Netherlands), and the peripheral euro
countries comprising Italy, Portugal and Spain. The results are presented in Table 2. Models 1to 5
are dternative specifications for France and the Netherlands, and Models 6 to 10 are the same
specifications for the other three countries. Model 1 contains al the bond-specific variables plus the
sovereign spread. All variables are statistically significant. The spread increases with credit risk as
measured by the EDF, the coupon and duration, and declines with the amount outstanding and an
improved credit rating. All these coefficients are of the expected sign. Unlike in the United States
(King and Khang, 2005), the spread declines with the age of the bond. The sovereign spread is highly
significant and indicates an elasticity of corporate spreads in France and the Netherlands of 0.655.

Model 2 adds the square of the EDF to Model 1. It isnegative and statistically significant, but makes
very little difference to the other coefficients. Model 3 adds the average corporate bond spread in
Germany, as a measure of euro-wide macroeconomic risk. The coefficient is positive and highly
significant, and itsinclusion reduces the sovereign spread coefficient by about athird, to 0.425. Model
4 includes the measure of expected euro volatility from the option market, which has a significant
positive coefficient. Its inclusion cuts the German corporate spread coefficient by more than half, but

8 Theinclusion of industry and firm fixed effects makes no qualitative difference to our results.



makes the sovereign spread coefficient somewhat larger, at 0.493. Finally, Model 5 adds the spread
between euro-denominated and dollar-denominated German sovereign bonds, but this variable is
insignificant.

Models 6 to 10 repeat the exercise for the three peripheral countries. The general picture is much the
same, but the coefficient of German corporate bond spreads is somewhat larger and that of sovereign
spreads a bit smaller than for France and the Netherlands (e.g. 0.350 in Model 8 compared with 0.425
in Model 3). It might seem surprising that the coefficient is smaller in the more vulnerable countries,
but that is the estimated effect of a given change in the sovereign spread. It can be seen from Table
1b that the sovereign spread is far more volatile in these countries, so that the estimated impact of
sovereign spreads on corporate spreads in the peripheral countriesisin fact considerably larger than
in France and the Netherlands.

In Tables 3A and 3B, we further investigate whether there are any differences between the period
before and after the euro sovereign debt crisis by splitting our sample period into two parts: January
2002 to September 2009 and October 2009 to December 2015. Table 3A presentstheresultsfor France
and the Netherlands, and Table 3B shows the results for the peripheral countries. It can be seen that
the coefficient of sovereign spreads for France and the Netherlands is higher only in the earlier period.
Taking Model 3 as an example, the sovereign spread coefficient in Table 3A is0.409 up to September
2009 and 0.295 afterwards; the corresponding figuresin Table 3B are 0.271 and 0.323.

Overdl, our results suggest that corporate bond spreads in the Eurozone outside Germany are strongly
influenced by sovereign default risk, after controlling for other macroeconomic risks and bond-specific
and firm-specific factors. Spikesin the corporate bond spreads are matched by spikesin the sovereign
bond spreads of both ‘soft” and ‘hard’ euro countries (see Figures 1 and 2), which are less pronounced
for the latter group but still statistically significant. We have argued that this result is driven by the
existence of currency risk that is priced in these euro-denominated corporate bonds, and which will
remain as long as the market perceives arisk of a split in the Eurozone

6. Conclusions

In this paper we have argued that corporate bond spreads and sovereign bond spreads tend to be
correlated only when they are subject to a common currency risk. Historically, such a common
currency risk has usually been absent from bonds denominated in domestic currency in advanced
countries, but the Eurozone is potentially an exception to this rule because of uncertainties about the
future of the currency. We have investigated the determinants of corporate bond spreads over a safe
euro interest ratein five Eurozone countries outside Germany. We have sufficient data on bonds i ssued
by firms in two “hard” euro area countries (France and the Netherlands) and three “soft” euro area
countries (Italy, Portugal and Spain). With respect to firm-specific factors, the main findings are that
spreads are: (@) positively related to Moody’ s expected distance to default (a measure of the likelihood
of the share price hitting zero, based on its current level and recent volatility), particularly in the hard
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euro country group; (b) positively correlated with the coupon; (c) positively correlated with duration;
and (d) negatively correlated with age. This last result contrasts with findings for the United States,
where the correlation with age is positive (King and Khang, 2005). Corporate bond spreads are also
strongly correlated with macroeconomic risk in the Eurozone as proxied by corporate bond spreadsin
Germany, and with country-specific sovereign spreads over Germany. We attribute this last factor to
currency risk associated with the possible break-up of the Eurozone, in which case debts might be
repaid in “soft” rather than “hard” euros. In this last respect, we show that Eurozone corporate bond

spreads outside Germany have some emerging-market characteristics that do not apply in corporate
bond markets where there is no perceived currency risk.
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Appendix

Figure 1. The Corporate Bond Spread (by country)
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Figure 2. The Sovereign bond spread relative to Ger many (by country)
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Table la. Descriptive statistics

Variable Obs Mean Std.Dev. Min Max
Corporate bond spread (%) 21541 121 0.99 0.03 6.70
Govt yld spread to DE (EUR) (%) 21,541 0.83 0.82 0.00 555
EUR_USD DE Gvt yld spread (%) 19,642 -0.02 0.11 -041 0.30
Average of DE Corp bond spreads (%) 21,513  0.93 0.31 003 221
3-month Delta 25 volatility (%) 21,486 2955 10.75 11.88 8850
Expected Default Frequency (%) 19,130 0.23 0.55 0.01 13.88
Coupon (%) 21541 4.39 1.33 0.75 850
Amount outstanding (min. euros) 21,541 617 423 471 2500
Amount issued (min. euros) 21,541 678 438 471 2500
Term to maturity (yrs.) 21,541 7.29 481 0.08 30.01
Age (yrs) 21541 290 241 0 1419
Maturity at issue (yrs.) 21,541 10.19 5.15 0.76 30.02
Duration (yrs.) 20,777 5.69 2.69 007 17.43
S& P rating 18,820 7.65 2.25 1 13

No. of bonds/firm 21541 9.36 6.99 1 33

Notes: Sample period: 2002M1-2015M12. No. of bonds = 473; No. of firms = 123, No. of industry sectors = 10. Sample countries include France (FR), Netherlands (NL), Italy (IT), Spain
(SP) and Portugal (PT). The Standard and Poor’ s issuer ratings have been converted to numerical values where 13 represents the highest rating AA and 1 the lowest rating B+ in the sample.

Table 1b. Descriptive statistics (by country)

Country  Stats

Cor porate
bond spread

Govt yld
spread to
DE (EUR)

EUR_USD
DE Gvt yld

spread

3-month
Delta 25
volatility

EDF  Coupon

Amount
outstanding

Amount
issued

Termto
maturity

Age

Maturity
at issue

Duration

S&P
rating

No. of
bonds/firm
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FR N 14085 14085 12855 14034 12838 14085 14085 14085 14085 14085 14085 13782 12116 14085
mean 1.110 0.54 -0.02 29.63 0.20 4.36 621 672 700 292 10.14 572 791 8.62
« 0.930 0.29 0.11 10.66 0.39 1.34 425 430 485 2.36 512 2.80 243 5.20
min 0.030 0.02 -0.41 11.88 0.01 1.00 10 10 0.09 0.00 3.67 0.07 1 1
max 6.700 154 0.30 88.50 12.93 8.50 2500 2500 3001 14.19 30.02 17.43 13 19
IT N 4222 4222 3830 4218 4085 4222 4222 4222 4222 4222 4222 4100 3755 4222
mean 154 1.89 -0.02 29.36 0.31 4.66 710 809 723 310 10.34 553 6.51 7.88
« 112 1.09 0.10 11.03 0.80 1.06 424 452 449 272 5.32 254 1.70 3.99
min 0.04 0.14 -0.41 11.88 0.01 0.88 6.08 6.08 0.08 0.00 4.00 0.11 4 1
max 6.55 5.19 0.30 88.50 13.88 8.25 2500 2500 2529 1256 30.02 12.68 9 14
NL N 2448 2448 2236 2448 1451 2448 2448 2448 2448 2448 2448 2237 2323 2448
mean 0.98 0.31 -0.02 2943 0.20 4.01 485 537 740 252 9.92 5.96 8.39 16.77
« 0.71 0.13 0.10 10.49 0.50 1.60 402 419 399 19% 3.78 229 1.60 13.39
min 0.03 0.02 -0.41 15.00 0.01 0.75 471 471 045 0.00 3.00 0.76 6 1
max 6.41 0.69 0.30 88.50 6.89 7.50 1500 1500 1997 914 20.01 15.40 10 33
PT N 127 127 116 127 122 127 127 127 127 127 127 115 54 127
mean 2.18 242 -0.01 25.79 127 454 314 314 349 124 4.73 341 6 2.05
« 122 0.87 0.09 4.62 251 1.05 162 162 155 0.88 1.30 114 0 0.49
min 0.29 151 -0.25 17.75 0.02 3.00 5 5 0.14 0.00 0.76 0.78 6 1
max 4.94 531 0.11 35.00 10.93 6.85 500 500 638 3.28 6.51 5.70 6 3
s N 659 659 605 659 634 659 659 659 659 659 659 543 572 659
mean 1.89 1.73 -0.02 30.34 0.07 4.60 474 562 931 307 12.38 5.61 6.97 8.40
« 1.29 115 0.10 12.42 0.19 1.18 272 354 752 267 7.88 243 0.31 3.31
min 0.13 0 -0.41 11.88 0.01 250 13 13 o058 0.00 3.00 0.77 4 1
max 5.59 5.55 0.30 88.50 2.83 7.80 785 1000 2989 10.76 30.02 10.83 7 10

Notes: Sample period: 2002M 1-2015M12. No. of bonds = 473; No. of firms = 123, No. of industry sectors = 10. Sample countries include France (FR), Netherlands (NL), Italy (IT), Spain
(SP) and Portugal (PT). The Standard and Poor’ s issuer ratings have been converted to numerical values where 13 represents the highest rating AA and 1 the lowest rating B+ in the sample.



Table 1c. Cross correlations

Govt Averag

3-month .
Corporat yld EUR_US eof DE Amount Termto Maturit . No. of
ebond spread D DE Gwt Corp l\:/)c?:;?ﬁf EDF Co;ljpo outstandin ?igjlég maturit Age y at Durnatlo rilgirf) bondg/fir
spread toDE  yld spread bond g y issue 9 m
(EUR) spreads Y
Corp bond spr 1
Govt yld spr to DE 0.4361 1
EUR_USD DE Gvt -
yid 00467 6 0743 L
Avg of DE Corpyld 0.4161 0.3893 -0.1145 1
3-month Delta 25 vol 0.3474 0.0727 0.0162 0.4666 1
EDF 0.4424 0.1217 -0.0245 0.1193 0.0514 1
Coupon 0.3586 0.0713 0.0084 0.0886 0.1791  0.1199 1
Amt outstanding -0.1387 0.1009 -0.0012 0.0308 0.0628 0 0;526 0.042 1
Amt issued -0.1072 0.1369 -0.0016 0.0336 0.0767 0 02177 0.0834 0.9379 1
Term to maturity 0.1591 0.1079 0.002 -0.0577 0.106 0.0541 0.1773 0.074 0.0161 1
Age -0.0977 0.0034 0.0166 -0.065 -0.0703  0.0019 0.3384 0.0931 0.1244  -0.1361 1
Mat at issue 0.0987 0.0989 0.0103 -0.0869  0.0632 0.0495 0.3375 0.1164 0.0783 0.8637  0.3818 1
Duration 0.1324 0.1002 0.0015 -0.0371  0.0936 0.0657 0.0511 0.0554 -0.0091 0.963 0.2214 0.7858 1
S& P rating -0.4257 0.1462 -0.0052 0.0251 0.0101 0.4282 -0.1816 0.2426 0.1743 0.1595  0.0161 0.157 0.1882 1
. - - 0.268
No. of bonds/firm -0.0522 0.0188 0.0009 -0.023 0.0063 0.1735 0.0845 0.2773 0.2968 02264 0.0824  0.2531 0.2248 7 1

Notes: Sample period: 2002M1-2015M12. No. of bonds = 473; No. of firms = 123, No. of industry sectors = 10. Sample countries include France (FR), Netherlands (NL), Italy (IT), Spain
(SP) and Portugal (PT). The Standard and Poor’ s issuer ratings have been converted to numerical values where 13 represents the highest rating AA and 1 the lowest rating B+ in the sample.
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Table 2. Explaining the corporate bond spread (‘hard’ versus ‘soft’ euro area countries)

VARIABLES FR and NL (‘hard’ euro countries) IT, PT and SP (‘soft’ euro countries)
Model1 Model2 Model3 Modedd4  Model5 | Model6 Model 7  Model8 Model9  Mode 10 |
Ln(1+EDF) 0.601***  0.858***  0.756***  0.545***  0.573*** | 0.336***  0.769***  0.608***  0.633***  0.634***
(0.035) (0.045) (0.021) (0.008) (0.008) (0.025) (0.085) (0.079) (0.046) (0.039)
Ln(1+EDF)"2 -6.386***  -4.842%**  6.355%** 5 487x** -13.51***  -9.896***  -10.15***  -9.850***
(0.502) (0.302) (0.211) (0.147) (3.858) (2.897) (2.355) (1.847)
Ln(1+Coupon) 0.236***  0.237***  0.223***  0.207***  0.209*** | 0.141***  0.132***  0.0969** 0.0796*** 0.0789***
(0.005) (0.006) (0.005) (0.008) (0.007) (0.040) (0.044) (0.039) (0.021) (0.021)
[Ln(Amount outst.)]/1000 -1.550%**  -1.588*** -1.622*** -1.748***  -1.738*** | -1.626*** -1.651***  -1505** -1.598**  -1.572%**
(0.044) (0.053) (0.085) (0.040) (0.046) (0.620) (0.579) (0.598) (0.624) (0.604)
[Ln(Duration)]/1000 3.649***  3541***  3540***  3.385***  3.398*** | 4.192***  4.280***  3.952%**  3713***  J775***
(0.305) (0.338) (0.379) (0.324) (0.305) (0.350) (0.274) (0.151) (0.190) (0.185)
[Ln(Age)]/1000 -0.778***  -0.812***  -0.646***  -0.561***  -0.579*** -0.694* -0.629 -0.609* -0.570** -0.559**
(0.123) (0.136) (0.157) (0.176) (0.154) (0.413) (0.464) (0.339) (0.243) (0.246)
S& P rating/1000 -0.958***  -0.850*** -0.932***  -0.939***  -0.941*** | -1859*** .1594*** .2,006*** -1.999***  -2.008***

(0.035)  (0.036)  (0.040) (0.032) (0.030) | (0.545)  (0.503)  (0.426) (0.429) (0.448)
Ln[1+Govt yld spread to DE (EUR)] ~ 0.655***  0.645***  0.425%**  0.493***  0.503*** | 0.466***  0.461***  0.350%**  0.372%**  0.370%**
(0.133)  (0.107)  (0.099) (0.061) (0.067) (0.113)  (0.109)  (0.054) (0.057) (0.055)

Ln(1+Average of DE Corp bond spreads) 0.549***  0.246***  0.219*** 0.858***  0.621***  (0.599***
(0.036) (0.061) (0.064) (0.031) (0.099) (0.116)
Ln(1+3-month Delta 25 volatility) 0.0221***  0.0219*** 0.0159* 0.0162*
(0.004) (0.004) (0.009) (0.008)

EUR_USD DE Gut yld spread 0.000111 -0.000505
(0.001) (0.001)
Observations 11,312 11,312 11,304 11,292 10,529 4,849 4,849 4,842 4,839 4,486
R-squared 0.514 0.524 0.55 0.582 0.583 0.698 0.709 0.771 0.784 0.786

Notes: The dependent variable isIn(1 + corporate bond spread) which is defined as the spread that must be added to the benchmark euro zero coupon swap curve so that a security's discounted
cashflows equal its mid price, with each dated cashflow discounted at its own interpolated rate. The Govt yld spread is the difference between the country-specific 10-year government bond
yield and the 10-year Germany government bond yield (as an indicator of sovereign default risk). The 3-month Delta 25 volatility is the EUR currency option implied volatility (as an indicator
of crash risk). The EUR_USD DE Gvt yld spread is the difference between Germany’s 10-year government bond yield denominated in EUR and Germany’s 10-year government bond yield
denominated in USD (as an indicator of redenomination risk). The Average of DE Corp bond spreads represents a time-series average of all corporate bond spreads for Germany (calculated in
the same way as the dependent variable). The variables amount outstanding, duration, age and rating have been rescaled by dividing by 1000 due to small coefficient and standard errors.
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magnitudes. All models are estimated by CGM regression with a constant which is not reported, and with standard errors double clustered at both country and time levelsin parentheses. Sample
countriesinclude FR, NL, IT, SP and PT (GR and | E drop out). Sample period: 2002M1-2015M 12. *** p<0.01, ** p<0.05, * p<0.1.

Table 3A. Explaining the corporate bond spread in the *hard’ euro group countries before and after the sovereign debt crisis

FR and NL (‘hard’ euro countries)

Jan 2002- Sept 2009 Oct 2009 - Dec 2015

Model 1 Model 2 Model 3 Mode 4 Model 5 Model 6 Model 7 Model 8 Model 9 Modd 10

Ln(1+EDF) 0.572***  0.849***  Q.727***  0.703***  0.707*** | 0.530***  0.777*** 0.662***  0.717***  0.725***
(0.040) (0.035) (0.054) (0.186) (0.172) (0.071) (0.091) (0.086) (0.065) (0.057)
Ln(1+EDF)"2 -7.054%**  5.074*** -3.493 -2.058 -6.786%**  -4.795*** -6.334 -6.186
(1.280) (0.300)  (11.370) (9.575) (0.507) (0.393) (5.015) (4.939)

Ln(1+Coupon) 0.233*** 0.234*** 0.219*** 0.197*** 0.202*** 0.211*** 0.210*** 0.192%** 0.176*** 0.176***
(0.015) (0.014) (0.013) (0.017) (0.015) (0.024) (0.026) (0.031) (0.032) (0.033)

[Ln(Amount outst.)]/1000 -1.679***  -1.710*** -1.716*** -1.861*** -1.833*** | -1.565*** -1583*** -1542%** -1.672*** -1.672***
(0.146) (0.135) (0.094) (0.117) (0.097) (0.117) (0.120) (0.130) (0.128) (0.121)

[Ln(Duration)]/1000 3.166***  3.083***  3.224***  2,05Q***  3016*** | 4.008***  3.933***  3.765***  3551***  3.569***
(0.642) (0.603) (0.408) (0.484) (0.445) (0.491) (0.533) (0.377) (0.346) (0.336)

[Ln(Age)]/1000 -0.759***  -0.793***  -0.638*** -0.526*** -0.563*** | -0.799*** -0.814*** -0.634*** -0.546***  -0.545***
(0.130) (0.134) (0.129) (0.116) (0.099) (0.128) (0.147) (0.127) (0.122) (0.125)

S& P rating/1000 -0.885***  -0.774*** -0.898*** -0.881*** -0.883*** | -1.012*** -0.907*** -1.046*** -1.012***  -1.013***

(0.118)  (0.120)  (0.045)  (0.075) (0.075) | (0.116)  (0.120)  (0.160)  (0.126) (0.127)
Ln[1+Govt yld spread to DE (EUR)]  0.688***  0.676***  0.409%**  0.467***  0479%** | 0.300%**  0.388***  0.205+**  0320%**  0.320%**

(0.113)  (0.094)  (0.094) (0.049) (0.046) (0.047)  (0.046)  (0.038) (0.040) (0.040)

Ln(1+Average of DE Corp bond spreads) 0.623***  0.293***  (0.265*** 0.693***  0.454***  (0.439***
(0.086) (0.072) (0.074) (0.100) (0.139) (0.141)

Ln(1+3-month Delta 25 volatility) 0.0228***  0.0225*** 0.0174***  0.0174***
(0.005) (0.004) (0.005) (0.004)

EUR_USD DE Gvt yld spread 0.000264 -0.000429
(0.001) (0.001)
Observations 11,912 11,912 11,897 11,882 11,030 15,561 15,561 15,553 15,541 14,514
R-squared 0.491 0.502 054 0.573 0.576 0.558 0.567 0.611 0.627 0.628

Seenotesto Table 2.
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Table 3B. Explaining the corporate bond spread in the ‘soft’ euro group countries before and after the sovereign debt crisis

IT, PT and SP (‘soft’ euro countries)

Jan 2002- Sept 2009

Oct 2009 - Dec 2015

Modd 1 Mode 2 Mode 3 Mode 4 Mode 5 Modée 6 Modéd 7 Mode 8 Modd 9 Modd 10

Ln(1+EDF) 0.329***  0.569***  0.453***  0.748***  0.757*** | 0.583***  0.978***  0.796***  0.803***  0.807***
(0.036) (0.039) (0.053) (0.121) (0.114) (0.126) (0.155) (0.082) (0.086) (0.076)
Ln(1+EDF)"2 -5.196***  -3.424***  -12.68%**  -12.44*** -14.65** -9.541* -9.638* -9.021
(1.157) (1.075) (3.970) (3.543) (6.944) (5.548) (5.716) (5.680)

Ln(1+Coupon) 0.165%**  0.160***  0.137***  0.102***  0.102*** | 0.217***  0.210***  0.188***  0.176***  0.176***
(0.011) (0.011) (0.012) (0.012) (0.012) (0.036) (0.043) (0.040) (0.041) (0.041)

Ln(Amount outstanding) -1.307***  -1.319*** -1.036*** -1.285*** -1.221*** | -1.689*** -1.747*** -1.743*** -1.813*** -1.811***
(0.462) (0.444) (0.351) (0.329) (0.343) (0.126) (0.140) (0.057) (0.061) (0.062)

Ln(Duration) 4.665***  4.666***  4.808***  4.475***  4583*** | 3.497***  3415%**  3.174***  3.038***  3.079***
(0.290) (0.270) (0.671) (0.564) (0.624) (0.287) (0.300) (0.259) (0.201) (0.208)

Ln(Age) -0.429 -0.461 -0.519**  -0.477***  -0.499*** | -0.984***  -0.922*** -0.715*** -0.641*** -0.630***
(0.314) (0.286) (0.216) (0.133) (0.108) (0.280) (0.319) (0.236) (0.195) (0.189)

S& P rating -1.518***  -1.357***  -1.697*** -1.612*** -1.630*** | -0.856*** -0.745*** -0.916*** -0.904*** -0.911***
(0.255) (0.254) (0.256) (0.187) (0.199) (0.117) (0.070) (0.148) (0.138) (0.141)

Ln[1+Govt yld spread to DE (EUR)] 0.414***  0.406***  0.271***  0.320***  0.320*** | 0.405***  0.409***  0.323***  (0.337***  (.335***
(0.067) (0.068) (0.068) (0.046) (0.049) (0.031) (0.031) (0.033) (0.036) (0.038)

Ln(1+Average of DE Corp bond spreads) 0.912%** 0.412** 0.386* 0.689***  (0.554***  (.541***
(0.119) (0.210) (0.205) (0.153) (0.149) (0.150)

Ln(1+3-month Delta 25 volatility) 0.0291**  0.0291** 0.0109**  0.0109**
(0.013) (0.013) (0.005) (0.005)

EUR_USD DE Gvt yld spread 7.68E-05 -0.00053
(0.001) (0.002)
Observations 5,998 5,998 5,983 5,968 5,476 15,012 15,012 15,005 15,002 14,025
R-squared 0.535 0.544 0.64 0.701 0.706 0.587 0.596 0.637 0.643 0.643

See notesto Table 2.
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