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Abstract

This paper develops an arbitrage-free affine term structure model of potentially default-
able sovereign bonds to model a cross-section of six euro area government bond yield
curves. We make use of the coexistence of a common monetary policy under European
Monetary Union, which determines the short end of the yield curve that is common to
all countries, and decentralized debt policies which drive expected default probabilities
and thereby spreads at the long end. The factors of our term structure model are ob-
servable macroeconomic variables, including measures of government solvency. When
applying this model to yield curves of six EMU member countries over the period Janu-
ary 1999 to March 2010, we find strong evidence for a break in the relationship between
the fiscal variable and the default intensities in early 2008. Despite using no latent
factors, our model produces an excellent fit to both yield levels and spreads. For highly
indebted countries, following the break the sensitivity of spreads to the fiscal variable

rises sharply.
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1 Introduction

Recent years have not been lacking in drama in financial markets. At the time of this
writing, government bond markets in the euro area are at the center of attention amidst
intense speculation about the possibility of default by one or more member countries of
the euro area. Indeed, yield spreads between government bonds of euro area countries and
German government bonds of comparable maturity have experienced a striking regime shift
sometime during early 2008. For example, during the period January 1999 to February
2008 the yield spread (in our data set, which we will describe in detail below) of 10-year
government bonds for France, Italy and Spain over German yields of the same maturity
averaged 6.8, 24.3 and 12.2 basis points respectively, with standard deviations of 5.9, 8.2
and 12.1 basis points. During the period from March 2008 to March 2010, these averages
rose to 29.2, 82.1 and 57.6 basis points respectively, and their standard deviations doubled
or tripled. (Developments in some euro area government bond markets since then make
even these spreads appear modest.) It is therefore crucial to understand what determined
the spreads before and after this evident break, and what might have caused the break.

In this paper, we use recent advances in term structure modeling to explain the evolution
of euro area sovereign yield spreads, with the goal of understanding the role of macroeco-
nomic variables and especially of fiscal policies in determining yield spreads at all maturities,
both before and since the onset of the crisis.! Specifically, we jointly model the zero-coupon
yield curves of government bonds of six euro area countries within an affine term structure
model of potentially defaultable bonds, using only macroeconomic variables as factors. To
estimate this model, we make use of a rich data set of government bond yields at many
maturities of those six countries that covers the period from the beginning of stage three of
European Monetary Union (EMU) in January 1999 to the spring of 2010. The probabilities
of default perceived by investors are linked to the same macroeconomic fundamentals that
drive yields. Our key findings are that a small set of macroeconomic variables can explain

the term structures of all six countries remarkably well, and that the governments’ debt

'From the perspective of academic research, the events discussed above play out against the backdrop of
intense efforts over the past decade to arrive at a better understanding of the macroeconomic determinants of
asset prices in general, and of the linkages between the term structure of interest rates and the macroeconomy
in particular. Giirkaynak and Wright (2010) provide an up-to-date survey of research on the term structure

from a macroeconomic perspective.



service commitments have a significant influence on yields, which was minuscule before the
spring of 2008 and has since had a major effect on perceived default probabilities.

Spreads among euro area government bonds since the beginning of stage three of Eu-
ropean Monetary Union have attracted substantial attention in the literature. We discuss
the related literature in the following subsection. Euro area yield spreads are particularly
interesting because they allow us to study the macroeconomic determinants of term premia
and default risk premia. Under the assumption (maintained throughout our study) that the
probability of a country leaving the euro is considered nil, expectations of future short-term
interest rates are identical across countries and exchange-rate risk is not priced. Hence our
data set allows us to focus on term and default risk premia and their relation to the common
monetary policy on one hand and country-specific fiscal policies on the other.

The literature in this area has mostly focused on regressions of yield spreads of other
euro area members vis-a-vis Germany at certain maturities on country-specific variables
such as fiscal variables, proxies for liquidity (such as size of the outstanding debt), proxies
for time-varying risk aversion (as captured by private credit spreads) etc. We share with
this literature the focus on fiscal variables (in addition to macroeconomic determinants of
the common short-term interest rate) as explanatory variables. We depart from these earlier
studies by estimating a multicountry affine term structure model, thereby using the entire
cross-sectional information in the term structure by imposing the restrictions implied by
ruling out arbitrage across maturities and borrowers, and by allowing for the interaction
between macroeconomic variables and prices of risk.

Within the finance literature on the term structure, our paper is the first application
of an affine term structure model of defaultable bonds to euro area yield curves that uses
macroeconomic variables as factors. Linking the term structures to macroeconomic variables
is challenging for several reasons. Because of the still limited sample since the introduction of
the euro, we rely on monthly data, which is a compromise between the higher-frequency yield
data and the lower-frequency macro data. Even then, since we are particularly interested
in fiscal developments, using national accounts data interpolated to monthly frequency is
problematic because of smoothing. We therefore rely in our estimation on the Kalman filter
to infer missing observations of fiscal variables rather than a more mechanical interpolation
routine.

Another major challenge is the clear evidence for a structural break in the relation-



ship between macroeconomic variables and spreads sometime during the first half of 2008.
Because this break dwarfs any evidence for instability in this relationship that may have
existed prior to 2008, and because euro area government bond spreads have yet to return
to a more normal pattern, using a model with regime switching would necessarily lead to
the conclusion that the crisis state is absorbing. We therefore have at this point no choice
but to model the break as exogenous.

Our sample for yields starts with the beginning of Stage Three of EMU in January 1999
(with Greek yields starting shortly after EMU accession in 2001) and ends in March 2010.
We are reluctant to extend the sample period beyond this point for two reasons. First, our
term structure model of multiple, potentially defaultable issuers (with Germany assumed
to be free of default risk so as to normalize spreads relative to German benchmark yields)
assumes that each issuer is not bearing risk of other issuers defaulting. From the spring of
2010 on, this assumption becomes questionable in light of the support extended through
the European Financial Stability Facility. Second, from May 2010 on the ECB intervened
in government bond markets under its Securities Markets Programme, which reportedly
had large effects on yields for certain issuers that are unrelated to the macroeconomic
determinants we are interested in.

We first conduct some preliminary analysis to decide on both the most relevant fiscal
variable to include and the most likely break point between macroeconomic variables and
spreads. Our term structure model of multiple defaultable issuers that we then estimate
conditional on our choices of fiscal variable and break date fits yields for all countries and
a wide range of maturities impressively well, despite the fact that we do not use latent
factors in our term structure model and restrict ourselves to two euro area-wide and for
each country one fiscal factor. Measurement error standard deviations are on average across
countries and maturities only about 20 basis points. We model the break as occurring in
the linear relationship between the factors and the default intensities that drive spreads.
There is strong evidence for such a break, with the sensitivity of spreads to especially the
fiscal factors increasing sharply during the post-break sample.

In the following subsection we review related literature. In section 2 we present some
exploratory results using OLS regressions, which help us to determine the states to include
in the term strucutre model as well as the break date. Section 3 describes the affine term

structure model. Section 4 presents our results. Section 5 offers conclusions. Details on the



data and the model specification are in appendices.

1.1 Relation to the literature

As mentioned earlier, a large empirical literature has studied government bond spreads in
the euro area since the beginning of the common monetary policy in 1999 with the goal of
identifying the determinants of term and risk premia in the absence of exchange-rate risk.
Many of these studies rely on regressions of yield spreads at certain maturities on candidate
explanatory variables. A common finding in this literature, beginning with Codogno et al.
(2003) and Bernoth et al. (2006) and including more recent studies such as Manganelli
and Wolswijk (2009), Haugh et al. (2009) and Schuknecht et al. (2010), is that euro area
sovereign yield spreads seem to strongly comove. Principal component analysis regularly
reveals that the first principal component accounts for more than 80% in the total variation
of yield spreads. This finding suggests that a common factor, frequently interpreted as
time-varying risk aversion of international investors that affects all yield spreads through
the repricing of given country-specific risk characteristics, is the dominant force, making it
difficult a priori to identify the role of country-specific variables such as fiscal policies in
the determination of spreads. Laubach (2010), however, presents evidence that the strength
of comovement among yield spreads varies substantially over time and has weakened since
2009.

If we assume that investors assign zero probability to the event of a member country
leaving the euro, yield spreads can be explained as compensation for either liquidity risk
or default risk. How to distinguish between these two interpretations of spreads has been
a source of disagreement in the literature. Although since the eruption of the Greek fiscal
crisis in November 2009 it seems plausible that default risk has been the dominant market
concern, the relative importance of liquidity versus default risk is less clear during the first
ten years of EMU. In their early study based on four years of monthly data, Codogno
et al. (2003) concluded that “the risk of default is a small but important component of
yield differentials” while liquidity factors seemed to be of lesser importance. But it seems
difficult to explain persistent positive spreads of government bonds of AAA-rated countries
over Bunds as being driven by factors other than liquidity risk.

Several recent studies conclude that the importance of liquidity risk seems to vary over

time with proxies of international investor risk aversion. Beber et al. (2009), using intraday



European bond quotes from the period April 2003 to December 2004, find that differences
in credit quality among countries play a major role, but that “in times of market stress,
investors chase liquidity, not credit quality.” By contrast, Favero et al. (2010) conclude that
the interaction between liqudity demand and risk is negative. They attribute the difference
between their results and those of Beber et al. to the fact that Beber et al. “control for
country-specific risk but do not consider aggregate risk factors.” In pooled regressions of
quarterly spread data for ten euro area countries including an interaction term between a
proxy for risk aversion and the volume of bonds outstanding (as proxy for liquidity) as well
various fiscal variables to account for credit risk, Haugh et al. (2009) find a significant role
for liquidity in line with the sign of Beber et al., with liquidity (or lack thereof) making a
large contribution to the spreads of Irish and Finnish government bonds in late 2008 and
early 2009.2 While we do not deny that liquidity risk may in some instances and for some
countries (those with small size of debt outstanding relative to euro area sovereign debt
overall) have a sizeable role to play, we interpret the results from this literature as pointing
more consistently to an important role of credit risk factors emanating from public finances,
and therefore concentrate on those. This view is furthermore vindicated by the fact that we
mainly focus on countries whose debt market is generally considered large and liquid, as it
is the case for the biggest four euro-area countries or for a largely indebted but nevertheless
"core" EMU-country like Belgium. Admittedly, this claim is weaker concerning the last
country in our panel, Greece [figures here for debt to GDP 7 share of euro area wide debt
7], but we think that it would be difficult to argue that concerns about fiscal sustainability
in Greece were not the key driver of the surge in Greek bond yields over the past two years.

We depart from the literature discussed so far by using a no-arbitrage term structure
model so as to exploit the information contained in the entire maturity spectrum of yield
spreads. Not only can we multiply manifold the number of observations used in the analy-
sis, we can also sharpen the conclusions regarding the determinants of yield spreads by
estimating their effects on bonds of different maturities. The “essentially affine” class of
term structure models that we use was first proposed by Duffee (2002) as a special case
of affine term structure models. Beginning with the work of Ang and Piazzesi (2003), a

growing literature has explored the role of macroeconomic variables as factors.?> Lemke

? ABmann and Boysen-Hogrefe (2010) model time-varying risk aversion as a latent variable and conclude,

similar to Beber et al. (2009) and Haugh et al. (2009), that liquidity matters in times of stress.
3This use of macroeconomic variables as factors is not uncontroversial. Duffee (2009) and Joslin et al.



(2008) estimates a model with only observable macroeconomic factors for German bond
yields during the euro area. For the U.S., Dai and Philippon (2006) and Laubach (2010)
include fiscal variables as factors among the variables

In order to study the role of default risk in determining yield spreads, we employ the
extension of affine term structure models to defaultable bonds proposed by Duffie and Sin-
gleton (1999). Geyer et al. (2004) provide an early application of such a model to euro area

4 More recently,

spreads, without, however, including macroeconomic variables as factors.
Monfort and Renne (2010) generalize this model to account for regime switching and both
default risk and liquidity factors and apply this model to jointly model the sovereign yield
curves of Germany, France and Italy during EMU, using latent factors. For the reasons
discussed above, we abstract here from regime switching.

Lastly, our results have implications for the long empirical literature on the effects of
fiscal policy on interest rates (e.g. Ardagna et al. 2007). For the euro area, Faini (2006)
provides evidence that fiscal policy (as measured by the deficit/GDP and debt/GDP ratios)
significantly affects the level of average euro area long-term yields, with significant spillover
effects from one country’s fiscal policy stance to the euro-area wide level and very small

effects on spreads. Our results confirm his findings during the period prior to the break in

early 2008, but also document the increase in spread sensitivities since then.

2 Fiscal sustainability and euro-area sovereign bond yields:

preliminary evidence

Affine term structure models rely on the assumption that linear relations hold between bond
prices or yields and the observable macro factors that drive the yield curve. Hence, as a first
pass, simple OLS regressions can provide us with useful insights about the set of variables
that are likely to span the curve of each country, as shown in Dai and Philippon (2006).

Following these authors, we present in this section the results of regressions of bond yields

(2010) have pointed to the importance of unspanned macro risks, i.e. that current macroeconomic variables
cannot be recovered from current yields, but that macroeconomic variables nonetheless can affect future
yield curves through their impact on expected future short-term interest rates. See Giirkaynak and Wright

(2010) for further discussion.
* Amato and Luisi (2006) is to our knowledge the first use of an affine term structure model of defaultable

bonds with macroeconomic variables as factors, but applied to U.S. corporate bond spreads.



of several maturities on measures of the fiscal stance and usual macroeconomic controls
for each of the six countries in our sample. The idea is that if, for any given country,
a given fiscal variable fails to explain significantly bond yields of different maturities in
simple reduced-form regressions, then there is no point including this variable as a factor in
our more sophisticated (and heavily constrained) no-arbitrage multicountry term structure
model.

For each of the six countries, we use monthly observations of government bond yields
at 2, 5 and 10 years maturities, that we regress on the 1-month risk free short term rate, a
monthly indicator for the position in the domestic business cycle, domestic HICP inflation
and four alternative measures of national fiscal imbalances. Appendix A details the sources
and methodology for these series, and notably for the zero-coupon yields used throughout.
The short term rate is measured using prices of 1 month OIS swaps rather than euro area
money market rates, which have been obviously comprising a certain amount of premia for
credit and liquidity risks since the start of the financial crisis in August 2007. For each
country, the monthly national business cycle indicator is constructed as the first principal
component of sectoral activity indices taken from Eurostat’s business surveys. Figure 1
shows the short term interest rate for the euro area, the German 10-year government bond
yield and our coincident indicator of the euro area wide business cycle, computed here as a
weighted average of the six national activity indicators.

The appropriate choice of the most relevant measure of fiscal imbalances at the national
level is less clear. Previous studies frequently consider the deficit to GDP or the debt to
GDP ratios, or forecasts thereof (see e.g. Codogno et al., 2003, for the euro area and
Laubach, 2009, Dai and Philippon, 2006, for the US). Bernoth et al. (2006) argue that
debt service (defined as the ratio of gross interest payments to current government revenue)
is more appropriate when trying to assess the impact of fiscal balances on euro area bond
yields, if only because governments have less incentive to manipulate it than other measures
that are used officially to monitor whether national fiscal positions meet the obligations set
out by the Stability and Growth Pact. Furthermore, Haugh et al. (2009) find that both
fiscal deficit and debt service help to explain a substantial part of cross-sectional variations
in euro area bond yields during the recent crisis. It can be also noted that debt service
is routinely monitored by bond markets participants in order to gauge the sutainability of

issuing countries’ fiscal imbalances.



Either one of these three measures suffers potentially from an endogeneity problem. In
practice, as long as the average maturity of countries’ debt is not too short, so that the
share of total debt that needs to be refinanced each period is small, the contemporaneous
effect of changes in interest rates on either the deficit/GDP ratio or the debt service ratio
is rather modest.” The primary deficit/GDP ratio obviously does not suffer from this
potential problem of reverse causality. As a consequence, we consider here four alternative
measures of fiscal imbalances: total fiscal and primary deficit to GDP, the debt to GDP
ratio as well as the debt service to income ratio. We take the corresponding series from the
OECD Economic Outlook database. OECD data are provided on a semi-annual basis with
quarterly frequency. For the needs of the preliminary regressions conducted in this section,
we first interpolated these quarterly series using simple cubic splines. Note however that, in
the subsequent estimation of the complete affine term structure model, missing observations
of the fiscal variable are dealt with in a more satisfying manner using the Kalman filter,
as detailed below in section 4.1. For illustration, Figure 3 shows the debt service ratios as
interpolated at monthly frequency with the Kalman filter.

As evidenced by Figure 2, the level and dynamics of euro area spreads seem to have
undergone a structural break at some point during the year 2008, a move that has been
generally commented as reflecting a repricing of country-specific risk, notably credit risk
that would have been neglected prior to the 2007- crisis. We thus added a break in the
constant and in the regression coefficients of the fiscal variable in our regressions. In order
to limit the arbitrariness inherent to the selection of any exogenous break, we had our
choice guided by a simple statistic: the average R? over regressions for all countries and
maturities, conditional on a given break date. Figure 4 shows the resulting statistic for each
of the candidate four fiscal variables when the break date is allowed to vary between the end
0f2006 and the end of 2009. Two facts emerge from this exercise. First, the explanatory
power of debt to GDP and debt service is higher than that of the deficit to GDP ratios.
Second, we reach at least local maxima of the average R? for both debt to GDP and debt

service regressions at the end of the the first and fourth quarters of 2008. On this basis,

’Gross debt issuance in 2010 ranged from between 8 and 10 percent of GDP for Germany, France and
Spain, to nearly 17 percent for Italy and Greece. An increase in the spread of 100 bps for a country that
needs to refinance debt in the amount of 10 percent of GDP would add in the same year at most 0.1 percent
of GDP to the deficit. Only for Greece, which at the end of our sample was facing spreads around 300 bps

that have since risen to 900 bps, would the endogeneity problem be serious.



we finally chose March 2008 as our preferred break date, which leaves enough observations
available after the break for estimation purposes.

Tables 1 to 4 present the results of the regressions. Each table stands for one of the
candidate measures of fiscal imbalances. Standard errors are corrected for heteroscedasticity
using the Newey-West procedure. We first note that, whatever the fiscal variable, the
sensitivity of longer term yields to the short term rate and the share of variance explained
by macroeconomic factors decreases with maturity, consistently with common results in the
yield curve literature (see e.g. Ang and Piazzezi, 2003). Overall, the crisis dummy, which
takes the value one from March 2008 onward, as well as domestic activity, the fiscal variable
and the interacted term standing for non-linear effects of fiscal imbalances in crisis times
all turn out to be significant. By contrast, domestic inflation is generally not significant. In
the analysis that follows, we are therefore omitting inflation from the state vector.

Due to sign conventions in the construction of fiscal variables, we should expect a nega-
tive sign for coefficients of deficit measures (i.e. more negative fiscal balances should imply
higher yields accounting for larger risk premia), and a positive sign for the debt ratio and
debt service measures. Table 1 reveals that the deficit variable enters significantly but with
the wrong sign for four out of six countries, although the sign is reversed in crisis times as
expected. Conversely, debt to GDP turns out to be negatively correlated with French and
German yields, even in crisis times, which may be interpreted as signalling these two “core”
countries as relative safe havens in times of hightened risk perception. Last but not least,
the debt service to income variable is positively correlated with yields in all countries in
quiet times, while pushing yields of “core” versus more “peripheral” countries into opposite
directions in crisis times (respectively downward and upward). Overall, based on these pre-
liminary results, we decided to use the ratio of debt service to government income as our

best measure of fiscal imbalances in the following.

3 An affine term structure model of defaultable bonds

3.1 Dynamics of the pricing factors under the historical measure

Let us denote respectively by r; and x; the one-period rate —or short-term rate— and the
Furo area business cycle indicator. These two variables, together with the country-specific

fiscal variables f;, make up the set of pricing factors, which are stacked in a vector X; =



[ze re fie - fye ) b We assume that the factors depend on their lagged values
and are affected by a vector ¢; of idiosyncratic shocks, where the e;’s are i.i.d. N(0,I).

Accordingly, the factors are modelled as following a VAR(p), whith p the number of lags:
Xe=px + 21X 1+ . +P,X; +Xxey (1)

With N = 6 countries and thus eight variables overall in Xy, the number of parameters to
be estimated in the VAR grows very rapidly with p, which requires that we impose some
a priori restrictions on the model. For parsimony, we first assume that the covariance
matrix Yx is diagonal, which implies that the innovations to the factors are orthogonal.
Moreover, some constraints have also to be imposed on the auto-regressive matrices ®;.
First, consistently with the prohibition of any monetary financing of public debt as enacted
by the Maastricht Treaty as a guarantee for the independence of the European Central Bank
(ECB), we assume that the short term rate 7 is not affected by past values of the national
fiscal variables f; ;. Therefore, the short term rate equation —akin to a reaction function of

the ECB- reads:
re = b, + (01201 + py7e-1) + oo+ (OpTi—p + ppTe—p) + OrEry (2)

Such a specification clearly departs from the usual Taylor-type rule, where the short term
rate is routinely depicted as reacting both to the business cycle and inflation. We think
however that it is not a major problem, since, first, the ECB’s objective of maintaining
price stability over the medium term does not imply that they have to respond systemati-
cally to current inflation or even lagged inflation, and second, available empirical evidence
suggests that in fact current inflation and even expected inflation do not often come out
as a significant driver of the ECB’s policy rate decisions.” Note also that the six countries
in our sample account for roughly 85% of total euro area GDP (in 2010), which makes
our aggregate business cycle indicator a reasonable proxy for the true euro area activity
measures to which the ECB is likely to react.

Second, we assume that the European business cycle z; depends on a euro-area wide
measure of fiscal imbalances, that is equal to the GDP-weighted sum of the national fiscal

variables. The business cycle equation thus reads:

®Note that we do not include any additional latent factor in the state space, contrary to Ang and Piazzesi

(2003), Dai and Philippon (2006) and mny others.
"See e.g. Gerlach, 2007, and Jensen and Aastrup, 2010, for two recent assessments.
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j=1
3)

Finally, we also assume that the parameters that govern the dynamics of the NV fiscal

j=1

variables are not country-specific, except for the standard deviations of the innovations.

Concretely, we have for any country j:

fir = pp+ (Faze—1 + Gremr + 1 fja—1) + o+ (FpZi—p + Core—p + U fi—p) + 014654 (4)

Formally, these constraints imply the following form for the matrices ®; and X:

| a; B w;Wh wiWn ] | oy 0 0 |
0; 0 0 0 o
®; ki G P YES of1
: ¥;1d 0
| s ¢; | i 0 0 orn |

It will prove convenient in the pricing framework that follows to turn the model into

its companion VAR(1) representation. To that end, let us define a new state vector F} in

which the vectors from X; to X;_,41 are stacked. The dynamics of F} is:

Ft =u+ (I)Ft_l + 2615,

()

with _ - - q
Mx (I)l q)g q)p
0 Id 0 0 O Yx 0
w= , &= and ¥ = * (6)
0 0 0 0
0 0 0 Id 0

3.2 Dynamics of the factors under the risk-neutral measure

It is well known that the absence of arbitrage opportunities is a necessary and sufficient
condition for the existence of a positive stochastic discount factor (see, e.g., Hansen and
Richard, 1987). Following, amongst many others, Ang and Piazzesi (2003), we postulate

the following form for this stochastic discount factor my;y1:

Sit1

3 @)

My 41 = exp(—ry)
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where the Radon-Nikodym derivative &, follows a log-normal process defined by:

1
§ = &1 exp <_2)\2—1)‘t1 - )\;—15t>

where \; is the vector of the time-varying market prices of risk associated with the innova-

tions g; to the pricing factors in F;. We parameterize the \; as an affine process:

At =X+ M F; (8)

Under these assumptions, it can be shown that the dynamics of the pricing factors under

the risk-neutral measure Q is defined by:
Fo=p"+®"F,_1 + Xef (9)
where the ¢}’s are i.i.d. N2(0,I) and with:

o= = AoX (10)
O* = P -\ 2.

3.3 Bond pricing with default risk

Let us denote by P(t,h) the price at time ¢ of a (credit) risk-free zero-coupon bond of

residual maturity h. This price is given by:
P(t,h) = E(myi1...mygqn) or P(t,h) = EQ(exp(—r¢ — a1+ — Teano1))-

Remember, that in the following, we assume that one country, Germany, is viewed as credit
risk-free by investors. To price the other five countries’ bonds, that are perceived as subject
to credit risk, we define a default intensity —or hazard rate— for each country. The default
intensity of country j,j = 2..6, is denoted by s;; and reflects the credit risk embedded in the
bonds issued by this country. If recovery rates were nil, the default intensity at time ¢ would
be the default probability of the considered debtor at that period. However, recovery rates
are strictly positive processes. Therefore, the hazard rates s;; should be more rigorously
termed as "recovery-adjusted default intensities" (see, e.g. Monfort and Renne, 2010).8

Duffie and Singleton (1999) show that, under the assumption that the loss is proportional

$Intuitively, with a constant recovery rate of R, the recovery-adjusted default intensity s;,¢ would be

approximately equal to (1 — R)S;; where 5, is the default probability of country j at time ¢.
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to the market value, defaultable bonds can be priced using the same machinery than for
risk-free bonds by simply replacing the short-term risk-free rate r; by the default-adjusted
short-term rate r; + s;,41. Formally, denoting by P;(t, h) the price at time ¢ of a bond of

residual maturity h issued by country j, we have:

Pj(t,h) = E®(exp [~ (re + st41) — .. = (rern—1 + se4n)])-

Appendix B shows that bond prices are exponential affine in the factors F; when the

hazard rates are themselves affine in the same factors, that is:
Pj(t, h) = exp(Ajn + Bjnki) (11)

where the vectors A;j and Bj} are obtained by applying recursive formulas. The contin-
uously compounded yield, denoted by y; ¢ and defined by y;n+ = —log(P;(t, h))/h, are
then given by:

Yint = Ajn+ BjnF, (12)

with Zjﬁ = —Aj7h/h and Ejﬁ = —Bj7h/h.

3.4 Introducing a break in the hazard rates

The modeling approach is completed by the introduction of an exogenous break at time 7.
The period posterior to 7 corresponds to the crisis period. We assume that the break only
applies to the parameters of the hazard rates s;;, while the stochastic discount factor as well
as the historical dynamics of the pricing factors F; are not affected by that break. Underlying
is the assumption that there is more inertia in the specifications of the dynamics of the
factors than in the specifications of the default intensities. Then, the main changes implied
by the crisis in terms of bond pricing would regard the way investors form expectations
about the default probabilities of the countries.

In that context, the hazard rates are given by:
sjp =1t <T)x {72’?0 + 'yg-,blFt} +I(t > 7) x {’yi% + ’yiblFt] (13)

where the bb and pb subscripts respectively stand for "before break" and "post break".
Further, we assume that the likelihood of such a break in the future is not even taken
into consideration before the break date: whereas agents’ expectations regarding future

values of the hazard rates s; ;1 —for any horizon h— are based on the vectors of parameters
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’Y?f)o and ’Y?f)o until time 7 — 1, these expectations get based on the fy%’s and on the fy?f)l’s
from time 7 onwards. To put it differently, the break we model was unforeseeable and, once
it occured, is considered as permanent by investors. In terms of bond pricing, the presence
of the break implies the existence of two sets of vectors {Z?f)h,ﬁfh}%h and {Z?Z,E?I)h} G-
Whereas the former are used to price bonds before the break, the latter are used to price

the bonds after the break.

4 Estimation and results

4.1 Estimation

The estimation is based on two steps. In the first one, we estimate the.parameters that en-
ter the historical dynamics of the factors, namely ©1 = [o/, 5,6, p', k', (', ', 0']', where

"and o is the vector [o1,...,0n]. In the

a, for instance, is equal to [ag, o, .., qp)
second step, the parameters defining the risk-neutral dynamics of the factors, namely
Oy = [, B, 0%, p* k¥, w¥]), as well as the 7’s are estimated.

The first step of the estimation deals with the historical dynamics of F}, as given by
Equation (5). For parcimony, we limit to 2 the number of lags p in the historical VAR. As
said, the model does not include any unobservable, or latent, factor. However, given that
the frequency of the fiscal variable is lower than the monthly one retained for the estimation,
we have to deal with missing data. This problem is solved using the Kalman filter, which
provides us also with the log-likelihood of the model defined by (5). More precisely, the
vector of (unobserved) monthly fiscal variables is defined as a latent vector whose dynamics
follows (4). Measurement equations then state that the fiscal variables are observed without
error at quarterly frequency whenever the OECD data are available.

In a second step, we estimate the parameters that govern the risk neutral dynamics of the
factors and the parameters of the default intensities, conditionally on the results obtained
with the first step. This estimation is based on a non-linear least square procedure (see, e.g.
Moench, 2008). The procedure consists in minimizing the sum of pricing errors across time,
coutries and maturities. Specifically, let us denote by yﬁh’t the observed continusously-
compounded zero-coupon yield of maturity h of country j. The model-based counterpart

of y;-ih’t is a function of ©y and F;.” The function of ©, that we want to minimize is the

% Actually, the model-based yield also depends on the o’s. However, in that second step of the estimation,
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following expression:'’

2 2

D Wini©2F) —yine) + D (Uint(O2, F) = yrns(O2, 1) = (yns — ¥ins)) -
Rt ~~ G>1,h,t
Error on German yields Error on spreads vs. Germany

Whereas we optimize the fit of the German yields, we look for the best fit of the spreads
vs. Germany for other countries (credit spreads hereinafter). This is done in order to favour
the fit of the credit spreads by compelling the hazard rates to reflect differences in credit
risk amongst countries.

The computation of the first-step covariance matrix of the estimates is based.on the
Hessian. Since we only use observable factors to model the yields, the pricing errors are
subject to heterogeneity and auto-correlation. To cope with that, the computation of the
second-step covariance matrix uses Newey-West (1987) heteroskedasticity and autocorrela-

tion consistent (HAC) covariance matrix estimators (see Appendix C).

4.2 Discussion

Figure 5 plots the observed yields of German bonds with maturities of 1 to 10 years against
the yields simulated with our baseline model (in the following called model I; alternative
model versions will be introduced below). Similarly, Figure 6 shows the observed and
estimated bond spreads towards Germany for the remaining five euro area countries and two
maturities (5 and 10 years). Overall, the model does a reasonably good job in tracking both
the absolute level of yields of German government bonds and the level of spreads of other
countries vis-a-vis Germany. As appears on the last row of Table 6, the standard deviation
of the measurement errors over all countries and maturities amounts to a modest 20 basis
points, which compares favourably with the usual fit of affine term structure macrofinance
models. This is all the more remarkable because we restrict the state space of factors
spanning the six yield curves to observable factors only, while most studies in this literature
also incorporate latent factors in the model (see e.g. Ang and Piazzesi, 2003, Dai and
Philippon, 2005, Rudebusch and Wu, 2008). Considering all countries and maturities, the
model principally fails to capture a spike in yields in mid-2002 (which is not obviously

related to any monetary policy decision neither to a particular fiscal event at that time),

we suppose that these are fixed to their first-step estimated value.
0The minimization is carried out on Matlab, by using iteratively a Newton algorithm and a Nelder-Mead

simplex algorithm until reaching convergence.
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as well as a hump in the levels of long term spreads over 2001-2002. Note however that
the fit to observed spreads is particularly good from 2003 on, which means that the model
provides quite an appropriate tool to analyze the changes in bond risk pricing that were
brought along by the 2007- financial turmoil.

The first two columns of Tables 5 and 6 show the estimates of the parameters of the
default intensities s;; for our baseline model, while contrasting the two sub-periods before
and after the assumed break date of March 2008. Focusing first of the sensitivities of default
intensities to the fiscal variable, yf , we first find that the domestic debt service variable
stands out as a significant determinant of spreads for most countries, and with the expected
positive sign. Our findings also confirm the widespread intuition that the crisis brought
about a rise in the magnitude of these sensitivities to fiscal sustainability measures, which
we view as a major contribution of this study. Indeed, while they come out as negligible on
the pre-crisis period, they consistently rise with the crisis, magnifying afterwards the impact
of aggravated national fiscal imbalances on intra-EMU spreads. For instance, whereas before
the crisis a one point increase in the Italian debt service ratio would have induced only a
tiny change in the compensation required for the increased default risk (by some 2 basis
points), the required compensation after the crisis would have been more than ten times
larger, by some 27 basis points.!!

Regarding other parameters, we also find that the crisis was associated with a significant
increase in the average level v of default intensities for all countries except France, witness-
ing an upward shift in the required compensation for default risk in both highly indebted
and peripheral countries. The decline in v, for France after the break could indicate safe-
haven flows into French bonds. By contrast, the sensitivities of default intensities to either
the euro area business conditions or the short term interest rate (’y;” and 7} respectively)
come out as weak and generally non significant.

Considering these first results, we also checked for the possibility of imposing additional
constraints on the default intensities parameters in order to reduce the number of estimated
parameters and thereby hopefully improve the reliability of our parameter estimates. We

based our assessment on a series of Wald tests, looking first at parameter estimates obtained

"'The lack of precision of some of the post-break estimates is due to the short post-break sample of 25
months. Note that, strictly speaking, the consequences on spreads (in bp) of changes to the 74’s can be
read directly from the estimates only for the one-period-ahead spread. At longer horizons, the impact is

proportional to a complex convolution of virtually all the parameters.
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with the baseline model (denoted model I hereafter), then at alternative, more constrained
specifications, but still nested in the baseline model. Table 7 presents the results of tests
of restrictions imposed to the baseline model. The first column gives the p values of a test
of the null of no break in the parameters, considering them all together or by successive
blocks for each variable. The successive columns provide block-by-block tests of the null
that the default price coefficients are common across all five countries or equally null,
considering in turn the pre- and post-break periods. Results of the tests confirm that a
break in each of the «+’s is required by the data, and that both v, and 7? are non-zero
and different across countries in each sub-period. In contrast, the tests validate the null of
zero values for the sensitivities to the cycle and the monetary policy rate on the pre-crisis
period. Finally, columns 3 to 8 of Tables 5 and 6 present the results that we obtain for
alternative specifications based on the tests just described. Besides, Tables 8 to 10 show the
results of the corresponding Wald tests. Whatever the restrictions imposed following the
outcome of the first series of tests as in Table 7, note that our previous findings regarding the
significant and changing role of fiscal sustainability in default intensities remain qualitatively

unaffected.

Based on the Wald tests above, we finally use the restrictions corresponding to Model
II to simulate counterfactuals of the intra-EMU spreads under the hypothesis of an absence
of structural break in the parameters of default risk prices. Figure 7 shows the outcome,
plotted against both the realized and fitted spreads at the 5 and 10 year maturities. A
comparison of the fitted values of the 10 year spreads to the simulated counterfactuals at
the end of our sample in March 2010 confirms that the repricing of default risk brought
about by the crisis implied only minor increases in spreads of core-countries like France
and Belgium (between 10 and 20 bp). In contrast, the repricing move is estimated to have
induced much larger increases in the spreads of the other three countries (from 60-70 bp for

Italy and Spain up to some 180 bp for Greece).

5 Conclusion

In this paper we take a first step towards exploring the information contained in yields across
sovereign issuers, maturities and time to obtain a better understanding of the macroeco-

nomic determinants of euro area sovereign yield spreads through the lens of an arbitrage-free
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term structure model. Our main results at this preliminary stage are that a small number
of macroeconomic variables can explain the evolution of yields at various maturities and
across time and issuers impressively well, that there is a significant relationship between
debt service as a fraction of tax revenues and yield spreads, and that this relationship has
undergone a major break in early 2008.

In future work we plan to expand the analysis in several directions. One important
direction is to model the information set of investors yet more carefully, by relying on real-
time data (which we have from the OECD for a subset of vintages during our sample)
and on survey expectations of fiscal and other variables as noisy measurements of model-
implied investors’ expectations. Doing so would at least partially address the problem of
“fiscal foresight,” whereby frequently investors have more information about future fiscal
policies than a simple VAR model that an econometrician would use to proxy for investors’
expectations (Leeper et al., 2008). Adding the information contained in real-time fiscal
forecasts should also contribute to refine the the estimates of the historical dynamics of the
pricing factors. It would be then possible to extract reliable measures of expected bond
default probabilities from the modeled spreads, as well as time-varying estimates of credit
risk premia embedded in bond yields at various maturities. Finally, another interesting
direction goes towards a more detailed analysis of the contributions of the various factors

to yield spreads over time.
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Germany France Ttaly

3-year 5-year 10-year 3-year 5-year 10-year 3-year 5-year 10-year

Ocris,t 0,64 0,68 0,61 0,67 1,2%* 1,6%** -0,57 0,36 1,3
(1,54) (1,6) (1,61) (1,37) (2,4) (3,29) (-1,44) (0,63) (1,59)
m;  -0,07 -0,17 -0,25%%  0,0067 0,036 0,061 -0,076 0,017 0
(-0,64) (-1,49) (-2,31) (0,09) (0,43) (0,63) (-0,86) (0,15) (0,74)
rit 0,081 0,0087 -0,056  0,11%*** 0,021 -0,068 0,22%%* 0,12* -0,0062
(1,15) (0,12) (-0,75) (2,66) (0,41) (-1,16) (5,09) (1,8) (-0,07)
e 0,58%FF  (Q48FFK 44k 5FHF 0,34** 0,27 0,43%** 0,25* 0,16
(5,96) (3,67) (3,02) (5,84) (2,51) (1,42) (6,74) (1,74) (0,78)
fix 0,083 0,063 0,032 0,27%%%  (,31%* 0,29* 0,28%**  (,34%F*F  (34%*
(0,82) (0,54) (0,28) (3,91) (2,56) (1,71) (4,16) (2,71) (2)
fit-Ocrisg  -0,036 -0,073 -0,11 -0,21%%  -0,31*¥**  _0,36***  -0,029 -0,26%*  -0,44%*
(-0,28) (-0,57) (-0,94) (-2,2) (-2,89) (-3,18) (-0,3) (-1,97) (-2,5)
R? 0,85 0,69 0,52 0,9 0,72 0,48 0,92 0,75 0,53
Spain Belgium Greece

3-year 5-year 10-year 3-year 5-year 10-year 3-year 5-year 10-year

Serist  -0,66%  -0,32 0,082  -0,17  -0,016 0,24 2,00k 9 g 1,8
(-1,65)  (-0,63)  (0,06)  (-0,61)  (-0,04)  (045)  (2.86)  (2,19)  (1,52)
m  0,0027  -0,058  -0,094  -0,062  -0,11 -0,12 0,16 0,082  -0,005
(0,05)  (-0,98)  (-1,54) (-1,07)  (-1,16)  (-0,92)  (1,07)  (0,54)  (-0,04)
Tip  0,24%FF (0 19%* 0,11  017#% 007 00031  0,15%% 000018 -0,12%*
(3,36)  (2,16) (1,38)  (355)  (0,91)  (0,03)  (2,55) (0) (-2,21)

Ty 0,73%FK 0,55%** 0,445 0,62F%F 0 ATFFF (36K (0 52FRE (0 45FRE (43K
(12,17)  (8,34) (6,54) (8,05  (561) (3,07  (3,78)  (3,06)  (2,66)

fir  0,068* 0% 0,27FF% 0,084%  0,18%%  0,23%%  0,13* 0,043  -0,063
(1,76)  (-1,89)  (-4,46)  (1,79)  (2,35)  (2,12)  (1,89)  (0,59)  (-0,81)
fitOcrisg — -O%F 0,048 02 0,054  -0,17  -0,25%  -044%¥* _034%% 0 21%
(-2,18) (0,75 (2,89)  (-0,77)  (-1,57)  (-1,71)  (-3.88)  (-297)  (-1,72)
R?2 086 0,72 0,68 0,89 0,69 0,49 0,61 0,49 0,5

Table 1: Preliminary regressions — Endogenous variable: deficit to GDP
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Germany France Italy
3-year 5-year 10-year 3-year 5-year 10-year 3-year 5-year 10-year
Ocris,t 1,1 3,5 5, THHx 1,2 4.4%* R -5, 8** -2,1 2,5
(0,36) (1,28) (3,16) (0,72) (2,44) (4,49) (-2,04)  (-0,52) (0,56)
5 0,069 0,11 0,14 -0,054 -0,0062 0,052 -0,14 -0,034 0,11
(0,59) (0,95) (1,56) (-0,88) (-0,11) (1,04) (-1,51)  (-0,29) (0,85)
Tip  0,19%F* 0,15%F* 0,006%F*  0,24%%F  0,21%F  0,15%*  0,25%FF  0,14* -0,0055
(4,35) (3,51) (2,83) (8,57) (5,01) (3,46) (4,46) (1,7) (-0,06)
e 0,37F** 0,051 -0,15%* 0,3%** -0,051 -0,27FF% 0,63**F  Q5¥*k (4300
(4,2) (0,73) (-2,16) (4,7) (-0,63) (-2,8) (10,72) (6,29) (3,89)
fig  -0,08%*¥F -0,14%%F  _0,18%FF -0, 11%FF  -0,17FFF  -0,22%KF 0,03*  0,051*%* 0,069***
(-3,41) (-6,34) (-9,79) (-4,58) (-8,07) (-11,48) (1,84) (2,06) (2,7)
fit-Ocris,t 0,015 0,053 0,088*** 0,029 0,077*F*  0,12%**  -0,044* -0,014 0,023
(0,34) (1,35) (3,38) (1,22) (3,26) (5,96) (-1,83) (-0,4) (0,58)
R? 0,88 0,82 0,83 0,92 0,87 0,87 0,89 0,71 0,54
Spain Belgium Greece
3-year 5-year 10-year 3-year o-year 10-year 3-year 5-year 10-year
Ocris,t 0,14 0,0037 -0,034 -3 -1,5 -0,31 17k 1%k 8, JHkx
(0,15) (0) (-0,03) (-1,07) (-0,45) (-0,1) (3,18) (3,33) (2,91)
m;  -0,0066 -0,03 -0,033 -0,057 -0,079 -0,072 0,15 0,043 -0,047
(-0,11) (-0,52) (-0,68) (-1,17) (-1,44) (-1,29) (1,1) (0,35) (-0,44)
Tig  0,21%* 0,064 -0,075 0,18%***  0,097** 0,042 0,12%%  -0,0044 -0k
(2,41) (0,66) (-0,94) (5,05) (2,3) (1,25) (1,99) (-0,08) (-2,37)
e 0,73%** (0, hqrrx 0,37%%F 0,62%4F  0,48%**  (,36***  (,73*** (581K (497
(11,61) (8,5) (5,36) (11,18) (8,29) (5,03) (8) (5,39) (3,86)
fig  -0,0027  0,029%%F  0,055%F*  0,014%*  0,03%**  0,042%F* 0,032 0,039 0,048%*
(-0,28) (2,69) (5,13) (2,37) (4,01) (5,68) (1,22) (1,53) (2,45)
fit-Ocris,t 0,017 0,006 -0,003 -0,029 -0,011 0,0011  0,17FFF  (0,13***  (,084***
(1,14) (0,32) (-0,15) (-0,98) (-0,32) (0,04) (3,44) (3,67) (3,22)
R? 0,86 0,74 0,7 0,9 0,78 0,75 0,71 0,61 0,62

Table 2: Preliminary regressions — Endogenous variable: debt to GDP
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Germany France Italy
3-year 5-year 10-year 3-year 5-year 10-year  3-year 5-year  10-year
Ocris,t -7,4 -11 -17* -1,2 -4,8%F 8 6*** 4 0,46 -3,8
(-0,67) (-1,12) (-1,96) (-0,57) (-2,08) (-4,06) (1,62) (0,14) (-1,08)
m; -0,018 -0,048 -0,037 -0 -0,078 -0,029 -0,2%* -0,13 -0,019
(-0,2) (-0,47) (-0,34) (-1,37) (-0,75) (-0,27)  (-2,36) (-1,14)  (-0,17)
Tip 0,147 0,068 0,0017  0,18%** 0,15%* 0,12%  0,29%%% 0,22%** 0,094
(2,73) (1,23) (0,03) (3,12) (2,14) (1,77) (4,57) (2,59) (1,27)
e 0,61FFF 4200k Q28%kk  (g1*F* (38K 0,2%%  0,54%FF€  0,33%**  (,18%*
(7,1) (5,08) (3,36) (7,77) (4,34) (2,32) (7,64) (4,01) (2,29)
it 0,49 o 1,6%** 0,17 0,69%** 1306k (,089%F 0,18%¥**  (,26%**
(1) (1,97) (3,3) (0,88) (2,79) (5,1) (2,19) (3,12) (4,54)
fit-Ocris,t -1,2 -1,8 -2,6% -0,21 -0,84%* -1 pEek 0,45* 0,13 -0,28
(-0,69) (-1,12) (-1,94) (-0,53) (-1,99) (-3,95) (1,9) (0,41) (-0,86)
R? 0,85 0,72 0,61 0,88 0,73 0,66 0,89 0,75 0,67
Spain Belgium Greece
3-year 5-year 10-year 3-year 5-year 10-year  3-year 5-year  10-year
Ocris,t 0,53 1,2 1,7 21K 15%% 3,5 1 5%k 10%H¢ 4,7
(0,45) (0,83) (1,18) (3,5) (2,09) (0,56) (2,85) (3,12) (1,53)
m; -0,0039  -0,0076 0,0031 -0,028 -0,074*  -0,087* 0,19 0,082 -0,022
(-0,06) (-0,13) (0,06) (-0,81) (-1,86) (-1,92) (1,24) (0,63) (-0,21)
Tig  0,21%* 0,075 -0,054 0,274 0,11%%* 0,049  0,19%** 0,086 0,0094
(2,5) (0,83) (-0,77) (5,5) (2,68) (1,45) (3,16) (1,57) (0,19)
rp o 0,73% 0,55 0,395 (56%FF%  (,30%F% . 26%KK  ( GFIK (42%0k () 28k
(11,19) (8,11) (5,01) (9,02) (6,29) (3,77) (6,22) (5,92) (3,74)
fix 0,012 0,13%#%*%  025%**  ,074%FF  0,16%*F  0,21***  0,15%  0,23%** (,31%**
(-0,27) (2,71) (5,48) (2,98) (4,68) (6,4) (1,88) (3,25) (4,8)
fit-Ocris,t 0,27 0,34 0,38 2,7k 1,9%* 0,53 1,2%¥*%%  0,86***  0,43*
(1,23) (1,29) (1,38) (3,53) (2,14) (0,66) (3,08) (3,49) (1,88)
R? 0,86 0,75 0,72 0,91 0,8 0,77 0,69 0,63 0,71

Table 3: Preliminary regressions — Endogenous variable: debt service to income

25



Germany France Italy
3-year 5-year 10-year 3-year 5-year 10-year 3-year 5-year 10-year
Ocris,t  0,54%F* 0,51%* 0,38 0 0,39 0,69%*  -0,76*** -0,93*** _,87***
(3,64) (2,41) (1,49) (0,38) (1,29) (2,2) (-4,12) (-3,68) (-3,63)
m;  -0,058 -0,16 -0,23** 0 0,06 0,11 -0,069 0,057 0,18
(-0,5) (-1,3) (-2,08) (0,12) (0,69) (1,28) (-0,65) (0,47) (1,55)
Tit 0,077 -0,0012 -0,072 0,12 0,026 -0,071 0,25%** 0,15%** 0,023
(1,11) (-0,02) (-0,92) (2,9) (0,52) (-1,27) (5,15) (2,4) (0,37)
re 05T 0 46*** (0 42%k* 0,5%** 0,31** 0,21 0,41%** 0,17*+* 0,02
(5,68) (3,42) (2,75) (6,04) (2,57) (1,29) (7,92) (2,24) (0,15)
it 0,087 0,079 0,059 0,25%**  (,33*%** (0 36%FF*F  (,19%FF  0,28%FF  (,33%**
(0,87) (0,67) (0,5) (3,74) (3,23) (2,66) (4,69) (6,05) (6,77)
fit-Ocrisg  -0,042 -0,083 -0,12 -0,21%%  -0,33%FF  _(41%F* 0,027 -0,16 -0,34%**
(-0,32) (-0,64) (-1) (-2,19) (-3,11) (-3,98) (0,29) (-1,53) (-2,96)
R? 0,85 0,7 0,53 0,9 0,74 0,53 0,92 0,81 0,69
Spain Belgium Greece
3-year 5-year 10-year 3-year 5-year 10-year 3-year 5-year 10-year
Ocrist  -0,91%* -0,52 0,036 0,597k ] Tk ] ek 0,55* 0,58 0,68
(-2,37) (-1,02) (0,06) (-2,9) (-4,63) (-5,67) (1,69) (1,45) (1,35)
e 0,021 -0,075 -0,15%* -0,023 -0,019 0,011 0,14 0,067 -0,013
(0,4) (-1,2) (-2,26) (-0,44) (-0,36) (0,26) (1,05) (0,48) (-0,1)
Tig 0,220 0240k 0230k 0,18 0,089* 0,028 0,27 0,038 -0*
(3,14) (2,82) (2,87) (4,65) (1,79) (0,57) (3,01) (0,64) (-1,81)
e 0,71%**  (56%** (0, 43%Fk Q55K (32%KK (15%RK 410k 0,35%* 0,33**
(11,72) (8,21) (5,88) (7,3) (5,07) (2,59) (2,58) (2,31) (2,13)
fig  0,16%** -0,076 -0,33%*% 0, 11008 0,25%0F 0, 34%H* 0,2%+* 0,14 0,067
(3,49) (-1,05) (-3,69) (3,04) (5,8) (7,96) (2,4) (1,58) (0,65)
fit-Ocrise -0,19%** 0,029 0,28%** -0,075  -0,23%*F*F  -0,34***  _0,46%** -0 4%FF 0,290
(-3,68) (0,35) (2,97) (-1,27) (-3,82) (-8,32) (-4,1) (-3,26) (-2,13)
R? 0,87 0,71 0,62 0,9 0,8 0,77 0,62 0,5 0,49

Table 4: Preliminary regressions — Endogenous variable: primary deficit to GDP
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Model I Model II Model IIT Model IV
before bk after bk before bk after bk before bk after bk before bk after bk
Y9 FR | 0,0098 0,005 0,0062 -0,024 | -0,00088 0,021 -0,00046 0,068
(0,83) (0,08) (0,68) (-0,34) (-0,04) (0,18) (-0,03) (0,93)
IT | 0,067%F  0,48*** | 0,074***  0,46*** | 0,064***  (,52%** | 0,062***  (,54%***
(2,34) (4,28) (3,97) (4,29) (3,49) (3,27) (3,28) (2,72)
ES 0,0088 0,43*** | 0,036%*  0,35%** 0,02 0,27* 0,022 0,31%%*
(0,48) (3,3) (2,29) (4,13) (1,04) (1,73) (0,78) (2,85)
BE 0,017 0,79%%*% | 0,047**  0,84*** | (,052%** 0,93 0,052 0,95
(0,75) (2,86) (2,44) (3,68) (2,94) (0,94) (3,48) (1,27)
GR | 0,065** 1,6%* O 1,7%%* 0,17%%* 1,5 0,16%** 1,5%
(2,42) (2,3) (3,12) (2,36) (4,84) (1,6) (10,14) (1,78)
v, FR -0,024 0,011 0 -0,003 0 -0,0053 0 0
(-1,02) (0,23) (-0,05) (-0,03)
IT -0,014 0,0019 id. -0,012 id. id. id. id.
(-0,38) (0,01) (-0,11)
ES 0,011 -0,084 id. -0,085 id. id. id. id.
(0,38) (-0,7) (-0,94)
BE -0,005 -0,0059 id. 0,0049 id. id. id. id.
(-0,14) (-0,06) (0,05)
GR 0,044 0,67 id. 0,7 id. id. id. id.
(0,86) (0,98) (1,12)

Table 5: Estimates of default intensities parameters (first part), for alternative model spec-

ifications. Student-t are reported below the parameter estimates (in parenthesis).
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Model 1 Model II Model IIT Model IV
before bk after bk  before bk after bk before bk after bk  before bk after bk
v, FR 0,055 -0,06 0 -0,06 0 -0,023 0 0
(1,24) (-1,06) (-0,98) (-0,2)
IT 0,077 -0,15%* id. -0,13 id. id. id. id.
(1,38) (-2,2) (-1,6)
ES 0,043 0,19 id. 0,14 id. id. id. id.
S ICRY (1,31)
BE | 0,071* 0,044 id. 0,02 id. id. id. id.
(1,77) (0,7) (0,35)
GR 0,061 -0,9 id. -0,85 id. id. id. id.
(0,96) (-1,11) (-1,36)
vy FR| 0,024* 0,16 0,026* 0,17 0,034 0,15* 0,037* 0,127
(1,68) (1,45) (1,89) (1,36) (1,15) (1,76) (1,85) (3,05)
IT | 0,023** 0,27* 0,036%** 0,24* 0,042%%*  0,17%** 0,04 0,14%*
(2,34) (1,95) (3,73) (1,93) (4,66) (2,69) (3,33) (1,99)
ES | 0,011** 0,2 0,022%** 0,13* 0,023 0,094*** | 0,024***  (,084**
(2,44) (1,26) (3,17) (1,75) (3,93) (3,23) (3,66) (2,11)
BE | 0,0053 0,31%%* | 0,014**  0,33*** | 0,012** 0,42 0,012%* 0,4
(0,97) (2,58) (2,57) (3.4) (2,49) (0,88) (2,51) (1,01)
GR | 0,0026 0,31 -0,021%* 0,29 0,019%** 0,62 0,0086* 0,57
(0,47) (1,05) (-2,18) (1,31) (3,5) (1,47) (1,93) (1,32)
stdv 0,199 0,202 0,206 0,206

Table 6: Estimates of default intensities parameters (continued), for alternative model spec-

ifications. Student-t are reported below the parameter estimates (in parenthesis). The bot-

tom line presents the average standard deviation of the measurement errors (in percentage

points), across countries and maturities.
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HO: no break HO: country-specific y’s HO: null ~’s

Before bk After bk Before bk After bk
Yi = 7? 0,00
Yoi =70 000 ;=7 0,00 0,00 Y0i="% 0,00 0,00
Yoi =Voq 000 ypi=7, 035 0,03 Yoi =" 0,26 0,00
Yri =0 000 yu=v, 0,79 0,00 Vri =Y 042 0,01
Ve =75 0,00 Vi =y 0,02 0,03 Vi =y 0,02 0,00

Table 7: Wald tests — this table presents p-values of Wald tests performed using Model I’s

parameter estimates and the covariance matrix of these parameters.

HO: no break HO: country-specific y’s HO: null v’s
Before bk After bk Before bk After bk

Yi= ’Y? }
Yo,i= ’Yg,i 0,00 Y0,i= Y0 0,00 0,00 Y0,i= Yo 0,00 0,00
Voi=Voi - Vai= e - 0,00 Vpi=Va - 0,00
Yi=Yei - V= - 0,00 V=1 - 0,00
V= fyl]’% 0,00 Vii=Vf 0,03 0,00 Vii=Vf 0,00 0,00

Table 8: Wald tests — this table presents p-values of Wald tests performed using Model II’s

parameter estimates and the covariance matrix of these parameters.

HO: no break HO: country-specific 7y’s HO: null v’s
Before bk After bk Before bk After bk

Vi= ’Y? -
Yo0,i= ’Yg,i 0,00 Y0,i= Yo 0,00 0,00 Y0,i= Yo 0,00 0,00
Vei= Vo 0 Vai= Ve - - Vei= Ve - 0,98
Vri= 104 - Yri= Vr - - Vri= Vr - 0,84
V= ’ylj’c’i 0,00 Vii= Vg 0,01 0,52 Vii= 0,00 0,00

Table 9: Wald tests — this table presents p-values of Wald tests performed using Model I1I’s

parameter estimates and the covariance matrix of these parameters.
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HO: no break HO: country-specific 7y’s HO: null v’s

Before bk After bk Before bk After bk

=t 000
Y0=0: 000 o= 000 000 Y9="7 000 0,00
Vai= 72,1' - Vzi= Tz - - Vzi= Tz - -
Vri= %’Z,i - Vri= Tr - - Yri= Vr - -
V= yl}ﬂ. 0,00 Vii=Vy 0,00 0,41 Vii= 0,00 0,00

Table 10: Wald tests — this table presents p-values of Wald tests performed using Model

IV’s parameter estimates and the covariance matrix of these parameters.
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Figure 1: Euro area business cycle and interest rates. Panel A: Euro area business cycle

indicator. Panel: 1-month Euro area interest rate and German Bund 10-year yield.
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Figure 2: 10-year sovereign spreads against Germany, selected countries.
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Figure 3: Debt service to income ratio, selected Euro-area countries. Monthly series inter-

polated from quarterly OECD data using the Kalman filter.
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Figure 4: Choosing the break date. The Figure shows average R? of regressions of bond yields
on fiscal and other macroeconomic determinants over six countries and 2,5,10 year maturities (see
section 2 for details). Each line links the average R? values for a given fiscal variable when the

imposed break date varies between end 2006 and end 2009.
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Figure 5: Actual vs. model-implied German yields (Model I)
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Figure 6: Actual vs. model-implied spreads (Model I)
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Figure 7: Realized, fitted and counterfactual spreads vs Germany, assuming no break in the

default intensity parameters (model II).
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A Data

In this appendix, we describe the data that we use throughout the paper. In particular, we
detail the procedure that we used to get zero-coupon government bond yields at different

maturities.

A.1 Macroeconomic data

For the activity data, we rely on monthly sectoral business survey data published by the
DG ECFIN of the European Commission. For each country, our national business cycle
indicator is the first principal component that we extract from confidence indicator surveys.
We consider the following sectoral indicators: construction, consumers, industrial, retail
and services components of the national business cycle indicator. The Euro area business
cycle indicator is then computed on the basis of the GDP-weighted average of this national
business cycle indicator (normalized by the total weight of GDP for the six European
countries included in our sample). The short term rate is measured using prices of 1 month
OIS. Inflation data are the domestic harmonized consumer price index (HCPI).

For the fiscal data, we rely on OECD data from Economic Outlook published in May
2010 (n°87). We use the deficit to GDP, primary deficit to GDP, debt to GDP and debt
service to income receipt ratio. These quarterly fiscal data are revised data. In the prelim-
inary regressions presented in section 2, we interpolated these quarterly series using simple
cubic splines in order to deal with monthly frequency. In the affine term structure model
developed in sections 3 and 4 we used the Kalman filter procedure in order to deal with
monthly frequency for the fiscal data in a more sophisticated way as described in section

4.1.

A.2 Zero-coupon yields

The estimation of the model requires zero-coupon yields. However, governments usually
issue coupon-bearing bonds. In order to have the most comparable data across countries,
we estimate the zero-coupon yield curves using the same methodology for five countries:
Germany France, Italy, Spain and Greece. For some maturities and some dates, Belgian
yields obtained with this methodology present some unsatisfactory level in the early 2000s

(with Belgian long-term yields slightly lower than the German ones). Hence, for Belgium,
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we use zero-coupon yields computed by the National Bank of Belgium. The series of Greek
zero-coupon yields start in mid-2001, a few months after Greece joined the euro-area (leaving
aside convergence effects in early 2001).

As Gurkaynak, Sack and Wright (2005) , we resort to a parametric approach (see BIS,
2005, for an overview of zero-coupon estimation methods). We choose the parametric form
originally proposed by Nelson and Siegel (1987). Specifically, the yield of a zero-coupon

bond with a time to maturity m for a point in time t is given by:'2

T1

o) = so+u (-2 (1-ew-) +

B2 | (2) (1wl 2) Tlexp(fi)]

where 6 is the vector of parameters 3, 31, 39, 33, 71, T2) . Assume that, for a given country
and a given date t, we dispose of observed prices of N coupon-bearing bonds (with fixed
coupon), denoted by Py ¢, Py, ..., Pny. Let us denote by CFy ;¢ the it (on ny) cash flows
that will be paid by the k" bond at the date Tki. We can use the zero-coupon yields
{9 (0)},,>0 to compute a modeled (dirty) price Isk,t for this £ bond:

ng
Pk,t(g) = Z CFj ;1 exp (—Tk,z-yf’“’rt(é’)) .
i=1

The approach then consists in looking for the vector 6 that minimizes the distance
between the N observed prices and modeled bond prices. Specifically, the vector 6 is given

by:
N

0; = arg;ninZwk(Pk,t — Py4(0))?
k=1

where the wy’s are some weights that are chosen with respect to the preferences that one may
have regarding the fit of different parts of the yield curve. Intuitively, taking the same value
for all the wy’s would lead to large yield errors for financial instruments with relatively short
remaining time to maturity. This is linked to the concept of duration (i.e. the elasticity of
the price with respect to one plus the yield): a given change in the yield corresponds to a

small/large change in the price of a bond with a short/long term to maturity or duration.

2We use the Nelson-Siegel form rather than the extended version of Svensson (1994) because the latter
requires more data to be estimated properly (and for some countries and some dates, we have too small a

number of coupon-bond prices).
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Since we do not want to favour a particular segment of the yield-curve fit, we weight the
price error of each bond by the inverse of the remaining time to maturity.'3

Coupon-bond prices come from Datastream.'* In the same spirit as Gurkaynak et al.
(2005), different filters are applied in order to remove those prices that would obviously bias
the obtained yields. In particular, the prices of bonds that were issued before 1990 or that
have atypical coupons (below 1% or above 10%) are excluded. In addition, the prices of

bonds that have a time to maturity lower than 1 month are excluded.!®,

B Derivation of the recursive formulas

Let Pj(t,h) denote the price, at time ¢, of a zero-coupon bond issued by country j with a
residual maturity of h periods. Assume that, for a given h > 1, there exist some matrices
Aj1,...,Ajp—1and Bj1,...,Bj,_1 that are such that, for any period ¢ and any maturity
ne{l,....,h—1}, Bj(t,n) = A, + BjpF;. Naturally, the latter formula is valid only if
country j has not defaulted before ¢ (otherwise, we would have the trivial prices P;j(t,n) =0
for any maturity n).

Let us consider the price of a h-period bond at time ¢. This price is given by:
Pi(t,h) = exp(—r)EX(Pj(t+1,h —1))
= exp(—A; — BiR)E%(Pj(t + 1,h — 1))
= exp(—A; — BiF)E[I(dj11 = 0) x {Ajn_1+ Bjn_1Fi1}]

where d;; is a default indicator which is equal to 1 if country j has defaulted at or before ¢

and is equal to 0 otherwise. We have:

13Using remaining time to maturity instead of duration has not a large effect on estimated yields as long

as we are not concerned with the very long end of the yield curve.
" Naturally, the number of bonds used differ among the countries (from 19 bonds for the Netherlands to

175 bonds for Germany).
15The trading volume of a bond usually decreases considerably when it approaches its maturity date.
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Pi(t,h) = exp(—A1 = BUF)E® [E%(I(djs11 = 0) x exp {Ajn-1 + Bin-1Fri1} Fip)|
~A, — BiF,)EQ [exp {Ajp_1 + Bjp1Fro1} EY(I(dj 441 = 0)] Ft+1)}
= exp(—A1 — BiF)E? [exp {A; -1+ Bjp_1Fi1}exp (—sj41)]

VE® [exp {Ajn-1 =70+ (Bjn-1 = 1) Frr1}]

—A1 = BIR)E® [exp{Ajn-1— Y0+ (Bjn1 —71) (0" + ®*F + €))}]
= exp(—A1 —BiFy + Ajp1 — 7o+ (Bjp—1 — 7)) (W + @°F) +

1

5 Bin-1=71)EE (Bjp1 = 7))

Therefore, with

Ajn =—-A1+Ajp1—v+ Bjn-1 — 7)) + 35(Bjn-1—71)5% (Bjh-1—71)
Bj,h = —B1 —|— (Bjﬁ,]_ — ’}/1)(13*,

we have Pj(t,h) = A;p + BjF;. Hence, we have shown how to compute recursively the

Ajp’s and Bjp’s.

C Computation of the covariance matrix of the estimators

In this appendix, we present the methodology used to compute the covariance matrix of the
parameter estimates obtained by minimization of the sum of squared pricing errors. This
refers to the second step of estimation presented in 4.1. The parameters are the entries of
vector 9, that parameterizes the risk-neutral dynamics as well as the hazard rates of the

different countries. As explained in 4.1:
Oy = argmin Y (47, — yne(0, F1))*.
Jshit

This estimator must satisfy the first-order conditons:

Z ayj,h,t(®2; Ft)

90 (Y7 ht — Yint(O2, F1))) =0,

j7h7t

where the left-hand side of the previous equation is of dimension k£ x 1 (the dimension of

vector ©2). Deriving the Taylor expansion of the previous equation in a neighborood of the
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limit value ©2, and multiplying by VT leads to:

y; ht®2>Ft)
0 = VTY Rl — (O, ) +
7,hyt

0%y n.4(©9,
VT (05— 0y) |3 LWntlO2F) (o 6y )

/
Iy 0000
_&h’,h,t(@, Fy) (0y;jnt(O2, Fr)\’
00 00

Since E(yS), ; — Yjnt(O2, F1)) = 0, we have

a Yjht ez’Ft) o a.s.
T Z Jaeagf (Y7t — Yjnt(O2, F1))) = 0.

Therefore:
-1

1 0Yint(02, F) [ 0y;nt(Oa, F1)\'
ﬁ(@g—@) ~ TZ y],h,té92 t)< yj,h,tégZ t)> «
J,hyt

OYj.nt @27Ft) o
\f Z —IE == (01 — Ui (O2, FY)).

Hence, the asymptotic distribution of vT' (@2 — @) is given by J YT~ where:

-1

o1 |1 = 0Yjnt(O2, Fr) (0yjne(O2, )
J o= TZ o0 00

j?h7t

5} ), h, (@ 7F)
Zjh o ta(Tz : (y;?,h,t_
Yjht(O2, Fy))—, we use the Newey-West (1987) HAC estimator. This estimate is given by:

i=T—m—1 i
T = — Ov(~.. AL -
R <m> COU(’Yt:’Yt—H)
T—m+1)

As regards 7 —that is the covariance matrix of ﬁ Yo Y with vy, =

where 4, = 3>, W(gﬁ,h,t — Y;h,t(©2, Fy)) and where cov denoting the sample co-

variance matrix. We use the Bartlett kernel s(x) = 1 — |z|.1°

YThe kernel bandwidth m is taken equal to 6 (one semester) in our analysis, which is of the order of

magnitude of T'/3 (that is usually seen as a “rule-of-thumb” guide for this value).
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