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Abstract

We assess the contribution of economic and financial factors in the determination of euro area

corporate bond spreads over the period 2001-2015. The proposed multi-market, no-arbitrage affine

term structure model is based on the methodology proposed by Dewachter, Iania, Lyrio, and Perea

(2015). We model jointly the ‘risk-free curve’, measured by overnight index swap (OIS) rates, and

the corporate yield curves for two rating classes (A and BBB). The model includes four spanned

and six unspanned factors. We find that, in general, both economic (real activity and inflation) and
financial factors (proxying risk aversion, flight to liquidity and general financial market stress) play a

significant role in the determination of the spanned factors and hence in the dynamics of the risk-

free yield curve and corporate bond spreads. Across the risk-free OIS curve, macroeconomic and

financial factors are each responsible on average for explaining 30 and 65 percent of yield variation,

respectively. For A-and BBB-rated corporate debt, the selected financial variables explain on

average 50 percent of the variation in corporate spreads during the last decade.
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1 Introduction

The global �nancial crisis starting in late 2008 had a wide-reaching impact on �nancial markets

and led initially, before central bank interventions, to a signi�cant increase in sovereign and

corporate bond spreads. It also a¤ected the overall bank lending capacity and ultimately led to

a signi�cant economic downturn in several countries. This period of exceptional �nancial market

gyrations has sparked an increasing interest of market participants, policy institutions and the

academic literature in the determinants of �nancial market pricing. This concerns in particular

the relative importance of �nancial-sector speci�c factors vs. macroeconomic fundamentals as

drivers of asset prices. In this paper, we contribute to this literature by presenting an empirical

approach for identifying the contribution of macroeconomic and �nancial risk factors in the joint

determination of risk-free rates and corporate bond spreads.

Our model is part of the still growing literature on a¢ ne term structure models, initiated by

Du¢ e and Kan (1996) with the use of latent factors and summarized by Dai and Singleton (2000).

Ang and Piazzesi (2003) provided new stimulus to this line of research with the inclusion of

macroeconomic variables together with unobservable factors. A number of studies followed their

lead with the implementation of models that either gave latent factors a clear macroeconomic

interpretation or were structural in nature (e.g. Bekaert et al. (2010), Dewachter and Lyrio

(2006), Hördahl et al. (2008), and Rudebusch and Wu (2008)). Gürkaynak and Wright (2012)

provide an extensive survey of the literature. Further developments in this area also led to the

inclusion of �nancial factors, next to the standard macroeconomic fundamentals (e.g. Dewachter

and Iania (2011)). This strand of models has also been applied to corporate bonds, but to a

much lesser extent compared to the host of studies on their sovereign counterparts. Amato

and Luisi (2006), for example, use a combination of macroeconomic and latent variables in an

a¢ ne term structure model to study the U.S. corporate bond market. They use di¤erent bond

rating classes to compute a default event risk premium. Mueller (2009) extends the framework

proposed by Ang and Piazzesi (2003) to investigate the forecasting power of the term structures

of Treasury yields and credit spreads for future GDP growth. Using U.S. data, his results point

to the existence of a pure credit factor during the period 2006-2008. Wu and Zhang (2008) also

use a no-arbitrage model to assess the e¤ect of in�ation, real ouput growth and �nancial market

1



volatility on the U.S. term structure of Treasury yields and corporate bond spreads.1

The above models, however, su¤er from two important shortcomings. The �rst is the numerical

burden and the presence of identi�cation issues when estimating such models using maximum

likelihood in a state space framework.2 This �rst di¢ culty is overcome by the method proposed

by Joslin et al. (2011). These authors propose the use of a limited set of observable yield

portfolios (spanned factors) to model in a consistent way the cross-sectional features of the

yield curve. The second shortcoming of a¢ ne term structure models, including macroeconomic

variables, was emphasized by Joslin et al. (2014). Standard formulations of those a¢ ne yield

curve models imply that the macroeconomic (and �nancial) risk factors are spanned by � i.e.

can be expressed as a linear combination of �bond yields. This implication of standard models

is however overwhelmingly rejected by standard regression analysis, which shows that there is

no perfect linear relation between yields and such variables. These authors, therefore, propose

the introduction of macroeconomic variables as unspanned factors in otherwise standard a¢ ne

models. While unspanned factors do not impact directly on bond yields, they may still have

predictive content for risk premiums over and above the information contained in bond yields.

In other words, these factors do not a¤ect the shape of the yield curve directly but carry relevant

information to forecast developments in spanned factors and hence excess bond returns.

Our methodology combines the methods proposed by Joslin et al. (2011) and Joslin et al. (2014)

and can be seen as a reduced-form approach of the models for defaultable bonds proposed by

Du¢ e and Singleton (1999). Such combination has been used previously by Dewachter et al.

(2015) in the context of euro area sovereign bonds. These authors propose a two-market model

consisting of Overnight Index Swap (OIS) rates, seen as their benchmark market, and the

sovereign bond market for a speci�c country of the euro area. In this paper we further extend

the latter model by incorporating several markets at once. Our focus is on the corporate bond

market. The �rst market represents the benchmark risk-free rates, measured as the OIS yield

curve. The second market is represented by the yield curve for corporate bonds with an A rating,

while the third market represents the yield curve of lower-ranked BBB-rated corporate debt.

Due to the availability of data, we only use these two rating classes. The modelling approach,

1There is also a vast literature that uses regression-based approaches to study the determinants of corporate
bond spreads. See, for example, Collin-Dufresne et al. (2001).

2The usual computational challenges faced by a¢ ne term structure models are well described by Du¤ee and
Stanton (2008).
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however, allows the inclusion of as many rating classes as necessary. The proposed framework

is applied to the euro area corporate bond market using monthly data for the period from

August 2001 to April 2015. Our model includes a total of ten factors: four observable �spanned�

factors explaining the yield curves of OIS rates and corporate bonds of the two rating classes

(A and BBB), and six �unspanned�factors. As common in the literature, the spanned factors

are essentially portfolios of yields. The unspanned factors include standard macroeconomic

variables (economic activity and in�ation) and �nancial risk factors, which capture the cost of

borrowing for non-�nancial corporations, global tensions, systemic risk, and liquidity concerns

in the �nancial market. To simplify interpretation, these factors are divided in three groups:

economic, �nancial, and idiosyncratic (i.e. rating-class speci�c corporate spread) factors.

Our results show that, overall, both economic and �nancial factors play a signi�cant role in the

determination of OIS rates and corporate bond spreads. For OIS rates, economic shocks are

the most important source of variation for a one-month forecasting horizon and for bonds with

maturities up to two years. For intermediate and lower frequencies, �nancial shocks are the

main source of variation in OIS rate dynamics. For corporate bond spreads, �nancial shocks are

the dominant drivers for all maturities and almost all forecasting horizons, the exception being

the one-month horizon.

Apart from its empirical �ndings, the paper o¤ers a blue-print for modelling the joint yield

curve dynamics of risk-free rates and several corporate bond market segments. The approach

presented here may thus be applied in an analogous fashion to other combinations of rating

classes or for industry-group-speci�c analyses.

The remainder of this paper is organized as follows. Section 2 presents the multi-market, a¢ ne

term structure model and the VAR system used to determine the in�uence of macroeconomic

and risk-related �nancial factors on corporate bond spreads. Section 3 summarizes the data,

describes brie�y the estimation method, and discusses the results. This includes the analysis of

impulse response functions (IRFs) and variance decompositions of the OIS rates and corporate

bond spreads. Section 4 concludes the paper.
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2 Modelling Framework and Data

Dewachter et al. (2015) combine the methods proposed by Joslin et al. (2011) and Joslin et al.

(2014) and extend the standard a¢ ne yield curve model to a multi-market, single-pricing kernel

framework. In their set-up, one of the markets represents the risk-free yield curve and the

other the sovereign bond market of a speci�c country. This framework is applied to analyse

the developments of sovereign yields in a number of euro area countries (i.e. Belgium, France,

Germany, Italy and Spain) during the sovereign debt crisis period.

In our set-up, the �rst market also represents the risk-free benchmark (the OIS rate), while

the second and third markets are represented by the yield curves on corporate bond indices of

di¤erent rating classes (A and BBB).

The framework adopted by Dewachter et al. (2015) is particularly useful since it allows us to

�t the three yield curves with a reasonable precision and also to choose the relevant set of

unspanned factors in order to forecast excess bond returns. Since the methodology is explained

in detail in Dewachter et al. (2015), we restrict ourselves to the modi�cations made in the original

framework to �t our purpose.

As is common in this literature, this type of model imposes the no-arbitrage restriction in the

context of Gaussian and linear state space dynamics. As suggested by Joslin et al. (2011), we

adopt a limited set of spanned factors �yield portfolios �to model the cross section of the yield

curve. And as suggested by Joslin et al. (2014), we model the dynamics of the yield portfolios

under the historical measure by means of a standard VAR, including besides the yield curve

portfolios, a number of macroeconomic and risk-related variables. Based on the VAR dynamics,

and the a¢ ne yield curve representation implied by the risk-neutral dynamics, we assess the

relative contribution of the respective macroeconomic and risk-related variables in explaining

yield curve dynamics. Below, we describe brie�y the multi-market a¢ ne yield curve model

proposed by Dewachter et al. (2015) and present the assumptions imposed in the VAR system.
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2.1 A multi-market a¢ ne yield curve model for corporate bonds

There are K unobserved pricing factors for the yield curve of all markets collected in the vector

Xt = [X1;t; :::; XK;t]
0. These factors re�ect fundamental sources of risk and their dynamics under

the risk-neutral measure (Q) is given by a VAR(1):

Xt = C
Q
X +�

Q
XXt�1 +�X"

Q
t ; "Qt � N(0; IK); (1)

where �QX is a diagonal matrix containing the (assumed) distinct eigenvalues of �QX and �X

is a lower-triangular matrix. We assume that the K factors determine the risk-free one-period

interest rate (r0;t) and each of the market-speci�c, short-term interest rates in market m (rm;t),

with m = 1; :::;M , as follows:

rm;t = �
0
0 + �

1
0Xt| {z }

risk-free rate

+
MX
j=1

sj;t| {z }
spreads

(2)

where �00 + �
1
0Xt represents the risk-free rate r0;t and sj;t = �

0
j + �

1
jXt represents the one-period

spreads between bond yields of each rating class and the next rating class with a better rating.

In this way, the model allows the introduction of several bond markets, all conditioned on the

same pricing kernel. The di¤erences across bond markets depend on a constant (�0j ) and the

market-speci�c factor sensitivities to the respective fundamental factors, �1j , j = 1; :::;M:We use

a three-market setup comprising the risk-free rate plus two corporate bond markets, i.e. M = 2.

Market 0 is therefore the benchmark risk-free rate, market 1 represents corporate bonds of the

highest rating class in our sample (A in our case), and market 2 represents corporate bonds of

the second highest rating class (BBB in our case).

In this setting, we assume that the benchmark (risk-free) short-term interest rate (the one-month

OIS rate in our case) is given by a constant and the sum of the �rst two spanned factors. The

third spanned factor determines the dynamics of the spreads between bond yields of the highest

rating class (A) and the risk-free rate (OIS). The fourth spanned factor determines the dynamics

of the spreads between bond yields of our second highest rating class (BBB) and our highest
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rating class (A). We have therefore that:

Risk-free interest rate r0;t = �
0
0 + �

1
0Xt; �10 = [1; 1; 0; 0]

1st rating class s1;t = r1;t � r0;t = �01 + �11Xt; �11 = [0; 0; 1; 0]

2nd rating class s2;t = r2;t � r1;t = �02 + �12Xt; �12 = [0; 0; 0; 1]

(3)

Dewachter et al. (2015) also impose a series of identi�cation restrictions in the model. In a

similar fashion, we set CQX = 0 and the parameter �
0
0 becomes the unconditional average (under

the risk-neutral measure) of the risk-free short-term interest rate.

Given the above structure, Dai and Singleton (2000) show that zero-coupon bond yields can

be written as an a¢ ne function of the state vector. Denoting the time-t yield in market m

(m = 0; 1; 2) and maturity n by ym;t(n); we have that:

ym;t(n) = Am;n(�m) +Bm;n(�m)Xt; (4)

where the functions Am;n(�m) and Bm;n(�m) follow from the no-arbitrage condition (see e.g.

Ang and Piazzesi (2003)) with �m representing the parameter vector for market m, i.e. �m =n
CQX ; �

Q
X ; �X ; �

0
0; �

1
0; �

0
m; �

1
m

o
: Dewachter et al. (2015) show that once you collect the N

yields per market and stack all yields for all markets, one can obtain the following yield curve

representation:

Yt = A(�) +B(�)Xt (5)

with appropriate components for A(�) and B(�). It can also be shown that a suitable rotation

of the pricing factors Xt based on yield portfolios (Pt) allows an equivalent yield curve repre-

sentation. These yield portfolios, Pt, are linear combinations of yields and are assumed to be

perfectly priced by the no-arbitrage restrictions and observed without any measurement error.

Assuming the yield portfolios are constructed based on a certain matrix W , Pt =WYt, one can

express the yield curve as an a¢ ne function of the yield portfolios Pt, rather than as a function

of generic latent risk factors Xt:

Yt =
�
I �B(�)(WB(�))�1W

�
A(�) +B(�)(WB(�))�1Pt. (6)
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2.2 Decomposing the yield curve dynamics

We keep the framework of Dewachter et al. (2015) and adopt a �rst-order Gaussian VAR model

to assess the relative importance of macroeconomic and risk-related �nancial shocks in the yield

curve dynamics.

While the spanned factors Pt completely explain the risk-free and corporate yield curves as

outlined above, the unspanned factors Mt will help forecast the spanned factors. Pt and Mt are

jointly modelled in a VAR(1) under the physical measure P as:�
Mt

Pt

�
= CP +�P

�
Mt�1
Pt�1

�
+�

�
"PM;t
"PP;t

�
(7)

where ("PM;t; "
P
P;t)

0 � N(0; I) and � is a lower-triangular matrix. Below, we describe the variables

included in the unspanned and spanned factors.

2.3 Estimation method

Our estimation procedure follows the methodology proposed by Joslin et al. (2011), which is also

described in detail by Dewachter et al. (2015). This methodology uses an e¢ cient factorization

of the likelihood function, arising from the use of yield portfolios as pricing factors. It also

allows for an e¢ cient two-step maximum likelihood estimation procedure, which involves: (i)

the estimation of the VAR system in eq. (7) using standard OLS regressions; and (ii) the

estimation of the remaining parameters to �t the OIS curve and the bond spread curves for each

rating class using a maximum likelihood procedure.

2.4 Data

We estimate the model on monthly data over the period from August 2001 to April 2015 (165

observations per series). The data used can be sorted in two groups: one group featuring macro

and �nancial data, and another comprising yield curve data.

Macro and �nancial data. These data are used to construct the six unspanned factors

included in the model. They are: (i) the Purchasing Managers�Index (PMI ), which is based
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on surveys of business conditions in manufacturing and in services industries. This index is

used directly as our proxy for economic activity in the euro area and is obtained from Markit

Financial Information Services (markit.com); (ii) the year-on-year growth rate of the Euro area

Harmonized Consumer Price Index (INFL) is our measure for in�ation in the euro area. We

collect the data from Datastream; (iii) the spread between the cost of borrowing for corporations

and the average of OIS rates. This is our cost of borrowing factor (COST ) and the data are

from the European Central Bank (ECB); (iv) a market volatility index based on EURO STOXX

50 options prices (VSTOXX ). This is our measure for the general tension in �nancial markets.

The data are collected from STOXX Ltd. (stoxx.com); (v) the Composite Indicator of Systemic

Stress (CISS ) in the �nancial system. This index incorporates a total of 15 �nancial stress

measures and was proposed by Holló et al. (2012).3 The data are from the ECB; and (vi)

the spread between the yield of the German government-guaranteed KfW (�Kreditanstalt fur

Wiederaufbau�, a government-owned development bank) bond and the German sovereign bond,

averaged across maturities of 1, 2, 3, 4, 5, 7, and 10 years. This represents our liquidity or

�ight-to-liquidity factor (F2L). The data for both series are from Bloomberg.

Yield curve data. We use the OIS rate for maturities of 1, 2, 3, 4, 5, 7, and 10 years,

representing the risk-free benchmark rate for the euro area. Finally, we collect data for two

indices of corporate bond yields for the rating classes A and BBB. These indices are computed

by and collected from Bloomberg. We use the same maturities as for the OIS rate.

2.5 Unspanned and spanned factors

As mentioned before, we include a total of six unspanned factors. The �rst two of them represent

macroeconomic conditions, proxied by (PMI ) and (INFL). The last four factors are �nancial

factors expressing the cost of borrowing faced by non-�nancial corporations (COST ), the global

tension in �nancial markets (VSTOXX ), the presence of a systemic risk (CISS ), and the exis-

tence of liquidity concerns (F2L). We therefore have the following vector of unspanned factors:

Mt = [PMIt; INFLt; COSTt ; V STOXXt; CISSt; F2Lt]
0 : (8)

3The CISS index also contains components related to stock market volatility. However, the VSTOXX and the
CISS carry di¤erent information as evident from Figure 1, and their correlation amounts to 0,62 (levels) and 0,35
(monthly changes), i.e. volatility and VIXX are not perfectly aligned.
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We adopt a total of four spanned factors, i.e. yield portfolios. The �rst two factors are used

to explain the dynamics of the OIS yield curve. They are computed as the �rst two principal

components of the OIS rates for the seven maturities included in the sample (PCrf;1t and PCrf;2t ).

Although we could choose any linear combination of observed yields to form such portfolios, this

choice avoids �tting perfectly a set of speci�c yields and under�tting the others. The last two

factors are used to explain the dynamics of corporate bond spreads. The �rst of these factors,

PCspr;1t , is computed as the �rst principal component of the seven yield spreads between A bond

yields and the OIS rate, one for each maturity. In the same way, the second of these factors,

PCspr;2t , is computed as the �rst principal component of the seven yield spreads between BBB

and A bond yields. The vector of yield portfolios can then be expressed as:

Pt =
h
PCrf;1t ; PCrf;2t ; PCspr;1t ; PCspr;2t

i0
: (9)

All ten unspanned and spanned factors are displayed in Figure 1, where the unspanned factors

are standardized. The yield curves for the OIS rate and for the two corporate bond rating classes

are shown in the next section where we evaluate the yield curve �t for each case.

Insert Figure 1: Unspanned and spanned standardized factors

3 Empirical Results

3.1 Model evaluation

The model �ts the OIS and most maturities of the two corporate bond yield curves rather well.4

Figures 2-4 show the �t of the observed bond yields and spreads (continuous line) together with

their �tted values (dashed line). Summary statistics of the �tting errors are provided in the last

two columns of Table 1. For OIS rates, the �tted and observed series are very close to each other

(Fig. 2). The �tting errors �obtained with our two spanned factors �are quite low (standard

deviation between 3 and 8 basis points) and of a similar order of magnitude as usually found in

the literature on a¢ ne term structure models. The dynamics of corporate bond spreads are also

well captured by our model, which is remarkable, given the limited number of spanned factors.

4The parameter estimates of the model are available upon request.
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However, the standard deviation of the �tting errors for corporate bond spreads are somewhat

higher than for OIS, ranging between 5 and 12 basis points for A-rated, and between 9 and 28

basis points for BBB-rated debt. The larger residual size for corporate debt may indicate the

need for additional spanned factors. At the same time, as the corporate yields are constructed

from an index, one may want to allow for a larger margin of �measurement error�in this case,

i.e. residuals of a size comparable to OIS rates may not be desirable for corporates. We leave a

re�nement of this analysis to future research.

Insert Figures 2-4: Yield and spread curve �t

Insert Table 1: Summary statistics of OIS rates and corporate bond spreads

We also compare the risk premiums for the OIS, A and BBB yield curves, i.e. expected excess

returns for a one-year holding period, with the realized excess return for the same holding period5

(Figures 5 to 7). The details of computing the risk premium are shown in Appendix A. In all

cases, we see that expected excess returns, i.e., risk premia, co-move considerably with the ex

post realized excess returns: for all maturities and rating classes the correlation is above 0.65.

It is higher for corporate bonds than for the risk-free curve, it is higher for BBB-rated than

for A-rated corporates, and it tends to decrease with the maturity of the underlying bond (see

Table 2).

Insert Figures 5-7: Fit of the risk premium

Insert Table 2: Summary statistics of risk premiums and realized excess returns

Finally, it is interesting to observe the risk premium di¤erential between corporate bonds and

our benchmark risk-free rate. This is shown in Figures 8 and 9 for A- and BBB-rated corporate

bonds, respectively. These �gures show that for both rating classes the risk premium di¤erential

increases with maturity. As expected, we also observe a sharp increase in the risk premium

di¤erential after the beginning of the 2008 �nancial crisis.

Insert Figures 8-9: Risk premium di¤erential

5For every rating class, the risk premium is obtained under the condition of no default, i.e. it is assumed that
the rating class considered does not default over the considered holding period.
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Next, we focus on the dynamics of corporate bond yield spreads as a function of our ten un-

spanned and spanned factors. This is done through the analysis of IRFs and variance decom-

positions. In order to facilitate interpretation, for the variance decomposition we divide the ten

factors in three groups, as explained below.

3.2 Impulse response functions

We analyse the dynamic properties of the model by means of IRFs. This allows us to visualize

the response of corporate bond yield spreads to a one standard deviation shock to each of the 10

variables included in the model. The estimated VAR(1) system under the historical (P) measure

is as follows:

Ft = C
P
F +�

P
FFt�1 +�F "

P
F;t; (10)

where the elements of "PF;t all have unit variance and are contemporaneously independent, and

�F is a lower-triangular matrix. The ordering of the variables in the VAR is as follows:

Ft = [PMIt; INFLt; COSTt ; V STOXXt; CISSt; F2Lt;

PCrf;1t ; PCrf;2t ; PCspr;1t ; PCspr;2t

i0
: (11)

We start with the unspanned factors followed by the spanned factors. The unspanned factors

include �rst the variables representing the macroeconomic situation of the euro area and then

the risk-related �nancial factors. This ordering implies that the spanned factors - and hence

yield curves - are allowed to react contemporaneously to economic activity and in�ation shocks

as well as to shocks to the unspanned risk factors, but not vice versa.

Figures 10 and 11 show the IRFs for the 5-year corporate bond yield spreads for the A and BBB

rating classes, respectively. These �gures also show the 90% con�dence interval (dashed lines)

obtained by a standard bootstrapping procedure. The horizontal axis is expressed in months.

First, we analyse the impact of shocks to the macroeconomic condition in the euro area. We

see that in both cases (A and BBB bonds) a one-standard deviation shock to the PMI index,

representing an improvement in economic activity, initially decreases corporate bond spreads in

line with economic intuition. The impact is signi�cant for up to around six months, after which

it dies out. The impact of this shock reaches a maximum of 7 basis points for BBB-rated bonds.
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As regards shocks to in�ation (INFL), there is arguably less ex-ante expectation on the sign

and size of the reaction. Based on our sample, we �nd that the reaction of corporate spreads is

slightly negative but not signi�cant.

Second, we study the e¤ect of shocks to the �nancial factors. A one-standard deviation shock to

the cost of borrowing (COST ) has an initially signi�cant and positive impact on bond spreads.

A shock to �nancial market uncertainty as re�ected in VSTOXX has the strongest impact on

bond spreads, with the initial reaction of BBB bonds amounting to around 9 basis points. The

impact is signi�cant for the �rst six months after the shock for both rating classes. The initial

e¤ect of a shock to our systemic risk measure (CISS ) is positive, in line with intuition, and

signi�cant for around the �rst 16 months after the shock. Finally, shocks to our proxy for

liquidity concerns in the �nancial market (F2L) have a signi�cantly positive impact on bond

spreads, but only with a lag of around 3 months, lifting BBB bond spreads by close to 9 basis

points.

Insert Figures 10-11: Impulse response functions

3.3 Variance decompositions

We construct variance decompositions in order to assess the relative contribution of each factor

to the unexpected �uctuations in risk-free yields and corporate bond spreads. Since we have

a total of 10 factors in the model, in order to facilitate interpretation, we divide these factors

in three groups: (i) economic factors summarize the overall economic condition of the euro

area and the dynamics of the risk-free rate (PMI, INFL; PCrf;1t ; PCrf;2t ); (ii) �nancial factors

capture global tensions, systemic risk, and liquidity concerns in the �nancial market and the

cost of borrowing for non-�nancial corporations (COST; V STOXX; CISS; F2L); and (iii)

idiosyncratic corporate bond factors include the residual dynamics not explained by economic

or risk-related �nancial factors (PCspr;1 and PCspr;2).

Figure 12 shows the variance decomposition of the OIS yield curve. Financial factors are the most

important drivers across most of the maturities and forecasting horizons. Across all maturities

and forecasting horizons, these shocks account for about 65 percent of the variation of the

OIS yield curve. Economic shocks are the predominant source of variation only for short-term
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maturities (up to two years) and very short forecasting horizons (one month). Nevertheless,

across all maturities and forecasting horizons these shocks account on average for 30 percent of

the �uctuations in the OIS yield curve.

Regarding corporate bond spreads, Figures 13 and 14 show for all maturities the variance de-

compositions for A and BBB-rated bonds, respectively. First, we note that all three groups

of factors are signi�cant sources of variation in corporate bond yield spreads. Nevertheless, in

both cases (A and BBB bonds), the bulk of the variation (around 50 percent) in corporate bond

spreads is attributed to �nancial shocks: for all maturities and forecasting horizons, except for

the one-month forecasting horizon, these shocks are responsible for more than 50% of the fore-

cast variance of corporate bond spreads. These results emphasize the importance of including

such factors in the analysis of corporate debt pricing. Surprisingly, idiosyncratic factors play

a signi�cant role in the �uctuation of corporate bond spreads, especially for short forecasting

horizons. Economic factors, on the other hand, are responsible for around 25 percent of the

�uctuations in corporate bond spreads across all maturities and forecasting horizons.

Insert Figure 12-14: Variance decompositions

4 Conclusion

This paper introduces a modelling framework for capturing the joint arbitrage-free dynamics

of the risk-free term structure and corporate bond yield curves of various rating classes. The

approach is based on methods proposed by Joslin et al. (2011), Joslin et al. (2014), and Dewachter

et al. (2015).

We apply this multi-market term structure model for analyzing the development of A- and BBB-

rated euro area corporate bond spreads over the last decade, thereby focusing on the global

�nancial crisis. The empirical model features overall ten factors, of which four are �spanned�,

explaining the cross section (maturity structure) of risk-free and corporate yields, while the

remaining six �unspanned�factors help to explain the dynamics of the spanned factors and can

hence account for time variation in bond risk premiums. Our spanned factors are essentially
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portfolios of risk-free and corporate bond yields, while the unspanned factors represent macro-

economic driving forces (real activity and in�ation) as well as �nancial factors, which capture risk

aversion, investors�liquidity preferences and bouts of general stress levels in �nancial markets.

We �nd that both macroeconomic and �nancial factors are important driving forces for the

risk-free yield curve and corporate bond spreads. According to our variance decomposition,

macroeconomic and �nancial factors are each responsible on average for 30 and 65 percent,

respectively, of the variation across the OIS yield curve. For corporate bond spreads, �nancial

factors explain about 50 percent of the unexpected �uctuations in both A- and BBB-rated

corporate bond spreads across all maturities. Macroeconomic factors are responsible for about

25 percent of the variation of A- and BBB-rated bonds while the remaining 25 percent are

explained by idiosyncratic market-speci�c factors.

The paper carries the idea of modelling bond yields via spanned and unspanned factors further

to corporate bonds. The evidence that we �nd for the relevance of unspanned observable factors

mirrors similar �ndings in the literature that focuses solely on government bonds. A natural

extension of the presented framework is to also include government debt markets in order to

shed light on the sovereign-corporate nexus, i.e. how strongly sovereign debt market tensions

feed back towards the corporate sector and vice versa. In a similar vein, future studies may

capture the interrelation of corporate bond markets from di¤erent euro area countries in order

to explore potential asymmetries of those markets in their responses to shocks or to quantify

spillovers.
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Appendix A - Risk premium computation

This appendix shows the computations for the risk premium (rp) considering a one-year (12

months) holding period.

1. Bond risk premium (expected excess holding period return)

Yields are a¢ ne in factors, and factors follow a VAR(1):

ym;t = Am +BmXt

Xt = �+�Xt�1 +�"t

Log bond prices are likewise a¢ ne in factors:

pm;t = �
ym;t
m

= �Am
m

� Bm
m
Xt

The risk premium is the expected return from holding an m-months bond for 12 months in

excess of the risk-free one-year rate:

rpt+12;t = E(pm�12;t+12)� pm;t � y12;t

E(pm�12;t+12) = �ym;t
m

= � Am�12
m� 12 �

Bm�12
m� 12E(Xt+12)

where

E(Xt+12) = �+�Xt+11 = �+��+�
2Xt+10 =

= �
11X
j=0

�j +�12Xt
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Expressing the risk premium in terms of factors:

rpt+12;t = E(pm�12;t+12)� pm;t � y12;t

= � Am�12
m� 12 �

Bm�12
m� 12E(Xt+12) +

Am
m

+
Bm
m
Xt �

A12
12

� B12
12
Xt

= � Am�12
m� 12 �

Bm�12
m� 12[�

11X
j=0

�j +�12Xt] +
Am
m

+
Bm
m
Xt �

A12
12

� B12
12
Xt

= � Am�12
m� 12 �

Bm�12
m� 12�

11X
j=0

�j +
Am
m

� A12
12

� Bm�12
m� 12�

12Xt +
Bm
m
Xt �

B12
12
Xt

= � Am�12
m� 12 �

Bm�12
m� 12�

11X
j=0

�j +
Am
m

� A12
12

+ [�Bm�12
m� 12�

12 +
Bm
m

� B12
12
]Xt

2. Risk premium per rating

rpOISt+12;t = �
AOISm�12
m� 12 �

BOISm�12
m� 12�

11X
j=0

�j +
AOISm

m
� A

OIS
12

12
+ [�

BOISm�12
m� 12�

12 +
BOISm

m
� B

OIS
12

12
]Xt

rpjt+12;t = �
Ajm�12
m� 12 �

Bjm�12
m� 12�

11X
j=0

�j +
Ajm
m

� A
j
12

12
+ [�

Bjm�12
m� 12�

12 +
Bjm
m

� B
j
12

12
]Xt

j = A; BBB

3. Risk premium di¤erential

The risk premium di¤erential is computed as the di¤erence between the risk premium on a

speci�c corporate bond (A and BBB) and the risk premium on the benchmark risk-free rate

(OIS rate).

rpj�OIS = rpjt+12;t � rpOISt+12;t where j = A; BBB
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Table 1: Summary statistics of OIS rates and corporate bond spreads

Mean Std Fitting error
data (%) emp. (%) data (%) emp. (%) mean (bp) std (bp)

OIS
yield1yr 1.88 1.87 1.48 1.49 2 8
yield2yr 2.07 2.08 1.50 1.49 -1 4
yield3yr 2.26 2.27 1.50 1.48 -1 5
yield4yr 2.45 2.45 1.48 1.48 0 5
yield5yr 2.62 2.61 1.46 1.46 0 3
yield7yr 2.91 2.90 1.41 1.42 1 3
yield10yr 3.23 3.24 1.35 1.34 -1 6

A
spread1yr 0.48 0.72 0.45 0.45 -24 12
spread2yr 0.54 0.72 0.43 0.45 -17 7
spread3yr 0.61 0.72 0.41 0.45 -11 8
spread4yr 0.68 0.71 0.45 0.45 -3 5
spread5yr 0.77 0.71 0.49 0.45 6 7
spread7yr 0.84 0.71 0.47 0.45 13 8
spread10yr 0.98 0.70 0.51 0.45 29 12

BBB
spread1yr 0.74 0.83 0.66 0.88 -9 28
spread2yr 0.93 0.94 0.71 0.88 0 20
spread3yr 1.09 1.04 0.81 0.88 5 13
spread4yr 1.22 1.14 0.85 0.88 8 10
spread5yr 1.36 1.24 0.92 0.88 12 9
spread7yr 1.49 1.43 1.01 0.88 6 15
spread10yr 1.65 1.71 1.01 0.88 -5 23

Note: Mean denotes the sample arithmetic average, std the standard deviation, and emp the empirical
result from the model.
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Table 2: Summary statistics of risk premiums and realized excess returns

Mean Std rp� rer
rp (%) rer (%) corr rp (%) rer (%) mean (%) std (%)

OIS
yield2yr 0.71 0.75 0.77 0.70 1.04 -0.039 0.68
yield3yr 1.41 1.49 0.75 1.23 1.90 -0.075 1.27
yield4yr 2.09 2.20 0.73 1.64 2.65 -0.110 1.83
yield5yr 2.73 2.87 0.71 1.99 3.34 -0.140 2.37
yield7yr 3.90 4.09 0.68 2.58 4.59 -0.190 3.40
yield10yr 5.32 5.56 0.65 3.37 6.24 -0.240 4.79

A
yield2yr 1.46 1.48 0.87 1.16 1.36 -0.023 0.61
yield3yr 2.18 2.22 0.86 1.84 2.25 -0.042 1.17
yield4yr 2.87 2.93 0.83 2.48 3.09 -0.058 1.73
yield5yr 3.53 3.61 0.81 3.08 3.90 -0.071 2.30
yield7yr 4.73 4.81 0.78 4.28 5.47 -0.088 3.44
yield10yr 6.17 6.26 0.75 6.06 7.74 -0.096 5.11

BBB
yield2yr 1.85 1.84 0.95 1.94 2.04 0.002 0.66
yield3yr 2.81 2.80 0.91 2.99 3.21 0.007 1.32
yield4yr 3.74 3.73 0.90 4.04 4.38 0.015 2.00
yield5yr 4.64 4.61 0.87 5.09 5.55 0.026 2.70
yield7yr 6.29 6.23 0.85 7.22 7.91 0.058 4.17
yield10yr 8.40 8.28 0.83 10.43 11.48 0.120 6.38

Note: The table shows the summary statistics for the risk premium (rp) and realized excess return
(rer ) for the OIS rate and A- and B-rated corporate bonds considering a one-year holding period. The
sample period goes from August 2001 to April 2015 (monthly, 165 obs.). The statistics, however, do not
include the last 12 months for which we cannot compute the realized excess return 12 months ahead.
Mean denotes the sample arithmetic average, std the standard deviation, and corr the correlation
between the rp and rer series.
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Figure 1: Unspanned and spanned standardized factors

Note: The �gure shows the 6 unspanned and 4 spanned factors. The unspanned factors are standardized:
PMI is the Purchasing Managers�Index, which is based on surveys of business conditions in manufacturing
and in services industries (source: markit.com); INFL is the year-on-year growth rate of the Euro area
Consumer Price Index (source: Datastream); COST is the spread between the cost of borrowing for corpo-
rations and the average of OIS rates (source: ECB); VSTOXX is a market volatility index based on EURO
STOXX 50 realtime options prices (source: stoxx.com); CISS is the Composite Indicator of Systemic Stress
in the �nancial system which incorporates 15 �nancial stress measures (source: Holló, Kremer, and Lo Duca
(2012)); and F2L is the spread between the yield on the German government guaranteed bond (KfW) and
the German sovereign bond, averaged across maturities (source: Bloomberg). The spanned factors are the
following: PC(rf,1) and PC(rf,2) are the �rst two principal components of the OIS rates for the seven ma-
turities included in the sample (1, 2, 3, 4, 5, 7, 10 years); PC(spr,1) is the �rst principal component of the
seven yield spreads between A bond yields and the OIS rate; and PC(spr,2) is the �rst principal component
of the seven yield spreads between BBB and A bond yields. For all series, the sample period goes from
August 2001 to April 2015 (monthly, 165 obs.).
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Figure 2: Fit of the OIS yield curve

Note: The �gure shows the �t of the OIS yield curve for the maturities of 1, 2, 3, 4, 5, 7, 10 years.
The continuous line shows the observed (actual) data while the dashed line shows the �tted values. Yields
measured in decimals, e.g. 0.04 corresponds to 4% per annum. The sample period goes from August 2001
to April 2015 (monthly, 165 obs.).

Figure 3: Fit of the A bond yield spread

Note: The �gure shows the �t of the spread between the A bond yield and the OIS rate for the maturities
of 1, 2, 3, 4, 5, 7, 10 years. The continuous line shows the observed (actual) data while the dashed line
shows the �tted values. Spreads measured in decimals, e.g. 0.02 corresponds to 2 percentage points. The
sample period goes from August 2001 to April 2015 (monthly, 165 obs.).
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Figure 4: Fit of the BBB bond yield spread

Note: The �gure shows the �t of the spread between the BBB bond yield and the OIS rate for the maturities
of 1, 2, 3, 4, 5, 7, 10 years. The continuous line shows the observed (actual) data while the dashed line
shows the �tted values. Spreads measured in decimals, e.g. 0.02 corresponds to 2 percentage points. The
sample period goes from August 2001 to April 2015 (monthly, 165 obs.).

Figure 5: Fit of the risk premium: OIS yield curve

Note: The �gure considers a one-year holding period. It shows the risk premium (continuous line) and
the realized excess return (dashed line) for the OIS rates with maturities of 1, 2, 3, 4, 5, 7, 10 years. Risk
premium measured in decimals, e.g. 0.1 corresponds to 10% excess return per annum. The sample period
goes from August 2001 to April 2015 (monthly, 165 obs.).
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Figure 6: Fit of the risk premium: A bond yield curve

Note: The �gure considers a one-year holding period. It shows the risk premium (continuous line) and the
realized excess return (dashed line) for the A bond yields with maturities of 1, 2, 3, 4, 5, 7, 10 years. Risk
premium measured in decimals, e.g. 0.1 corresponds to 10% excess return per annum. The sample period
goes from August 2001 to April 2015 (monthly, 165 obs.).

Figure 7: Fit of the risk premium: BBB bond yield curve

Note: The �gure considers a one-year holding period. It shows the risk premium (continuous line) and the
realized excess return (dashed line) for the BBB bond yields with maturities of 1, 2, 3, 4, 5, 7, 10 years. Risk
premium measured in decimals, e.g. 0.1 corresponds to 10% excess return per annum. The sample period
goes from August 2001 to April 2015 (monthly, 165 obs.).
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Figure 8: Risk premium di¤erential: A bond yields wrt OIS rate

Note: The �gure considers a one-year holding period. It shows the risk premium di¤erential between A
bonds and our benchmark risk-free rate (the OIS rate). This is done for bond yields with maturities of 1, 2,
3, 4, 5, 7, 10 years. Risk premium di¤erential measured in decimals, e.g. 0.1 corresponds to a 10 percentage
points di¤erence in excess returns. The sample period goes from August 2001 to April 2015 (monthly, 165
obs.).

Figure 9: Risk premium di¤erential: BBB bond yields wrt OIS rate

Note: The �gure considers a one-year holding period. It shows the risk premium di¤erential between BBB
bonds and our benchmark risk-free rate (the OIS rate). This is done for bond yields with maturities of 1, 2,
3, 4, 5, 7, 10 years. Risk premium di¤erential measured in decimals, e.g. 0.1 corresponds to a 10 percentage
points di¤erence in excess returns. The sample period goes from August 2001 to April 2015 (monthly, 165
obs.).
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Figure 10: Impulse response function: Response of the 5-yr A bond yield spread to factor shocks

Note: The �gure shows the impulse responses of 5-year A bond yield spreads for the maturities of 1, 2, 3, 4,
5, 7, 10 years to a one-standard deviation shock in each of the 10 factos (six unspanned and four spanned).
The dashed lines show the 90% con�dence interval. Error bands are obtained by a standard bootstrapping
procedure. Units are in basis points.

Figure 11: Impulse response function: Response of the 5-yr BBB bond yield spread to factor
shocks

Note: The �gure shows the impulse responses of 5-year BBB bond yield spreads for the maturities of 1, 2, 3,
4, 5, 7, 10 years to a one-standard deviation shock in each of the 10 factos (six unspanned and four spanned).
The dashed lines show the 90% con�dence interval. Error bands are obtained by a standard bootstrapping
procedure. Units are in basis points.
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Figure 12: Variance decomposition of OIS yield curve

Note: The �gure shows the variance decomposition of the OIS rates for the maturities of 1, 2, 3, 4, 5,
7, 10 years. Each graph shows the contribution of three groups of factors as follows: Economic factors �
PMI, INFL;PCrf;1t ; PCrf;2t ; Risk-related �nancial factors �COST; V STOXX; CISS; F2L; Idiosyncratic
corporate bond factors �PCspr;1 and PCspr;2.

Figure 13: Variance decomposition of A bond yield spreads

Note: The �gure shows the variance decomposition of A bond yield spreads for the maturities of 1, 2, 3, 4,
5, 7, 10 years. Each graph shows the contribution of three groups of factors as follows: Economic factors �
PMI, INFL;PCrf;1t ; PCrf;2t ; Risk-related �nancial factors �COST; V STOXX; CISS; F2L; Idiosyncratic
corporate bond factors �PCspr;1 and PCspr;2.
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Figure 14: Variance decomposition of BBB bond yield spreads

Note: The �gure shows the variance decomposition of BBB bond yield spreads for the maturities of 1, 2, 3,
4, 5, 7, 10 years. Each graph shows the contribution of three groups of factors as follows: Economic factors �
PMI, INFL;PCrf;1t ; PCrf;2t ; Risk-related �nancial factors �COST; V STOXX; CISS; F2L; Idiosyncratic
corporate bond factors �PCspr;1 and PCspr;2.

28



NBB WORKING PAPER No. 360 – DECEMBER 2018 29

NATIONAL BANK OF BELGIUM - WORKING PAPERS SERIES

The Working Papers are available on the website of the Bank: http://www.nbb.be.

317. “An estimated two-country EA-US model with limited exchange rate pass-through”, by G. de Walque,
Ph. Jeanfils, T. Lejeune, Y. Rychalovska and R. Wouters, Research series, March 2017.

318. Using bank loans as collateral in Europe: The role of liquidity and funding purposes”, by F. Koulischer and
P. Van Roy, Research series, April 2017.

319. “The impact of service and goods offshoring on employment: Firm-level evidence”, by C. Ornaghi,
I. Van Beveren and S. Vanormelingen, Research series, May 2017.

320. “On the estimation of panel fiscal reaction functions: Heterogeneity or fiscal fatigue?”, by G. Everaert and
S. Jansen, Research series, June 2017.

321. “Economic importance of the Belgian ports: Flemish maritime ports, Liège port complex and the port of
Brussels - Report 2015”, by C. Mathys, Document series, June 2017.

322. “Foreign banks as shock absorbers in the financial crisis?”, by G. Barboni, Research series, June 2017.
323. “The IMF and precautionary lending: An empirical evaluation of the selectivity and effectiveness of the

flexible credit line”, by D. Essers and S. Ide, Research series, June 2017.
324. “Economic importance of air transport and airport activities in Belgium – Report 2015”, by S. Vennix,

Document series, July 2017.
325. “Economic importance of the logistics sector in Belgium”, by H. De Doncker, Document series, July 2017.
326. “Identifying the provisioning policies of Belgian banks”, by E. Arbak, Research series, July 2017.
327. “The impact of the mortgage interest and capital deduction scheme on the Belgian mortgage market”, by

A. Hoebeeck and K. Inghelbrecht, Research series, September 2017.

328. “Firm heterogeneity and aggregate business services exports: Micro evidence from Belgium, France,
Germany and Spain”, by A. Ariu, E. Biewen, S. Blank, G. Gaulier, M.J. González, Ph. Meinen, D. Mirza,
C. Martín and P. Tello, Research series, September 2017.

329. “The interconnections between services and goods trade at the firm-level”, by  A. Ariu, H. Breinlichz,
G. Corcosx, G. Mion, Research series, October 2017.

330. “Why do manufacturing firms produce services? Evidence for the servitization paradox in Belgium”, by
P. Blanchard, C. Fuss and C. Mathieu, Research series, November 2017.

331. “Nowcasting real economic activity in the euro area: Assessing the impact of qualitative surveys”, by
R. Basselier, D. de Antonio Liedo and G. Langenus, Research series, December 2017.

332. “Pockets of risk in the Belgian mortgage market: Evidence from the Household Finance and Consumption
Survey (HFCS)”, by Ph. Du Caju, Research series, December 2017.

333. “The employment consequences of SMEs’ credit constraints in the wake of the great recession” by
D. Cornille, F. Rycx and I. Tojerow, Research series, December 2017.

334. “Exchange rate movements, firm-level exports and heterogeneity”, by A. Berthou and E. Dhyne, Research
series, January 2018.

335 “Nonparametric identification of unobserved technological heterogeneity in production”, by L. Cherchye,
T. Demuynck, B. De Rock and M. Verschelde, Research series, February 2018.

336 “Compositional changes in aggregate productivity in an era of globalisation and financial crisis”, by C. Fuss
and A. Theodorakopoulos, Research series, February 2018.

337. “Decomposing firm-product appeal: How important is consumer taste?”, by B. Y. Aw, Y. Lee and
H. Vandenbussche, Research series, March 2018.

338 “Sensitivity of credit risk stress test results: Modelling issues with an application to Belgium”, by
P. Van Roy, S. Ferrari and C. Vespro, Research series, March 2018.

339. “Paul van Zeeland and the first decade of the US Federal Reserve System: The analysis from a European
central banker who was a student of Kemmerer”, by I. Maes and R. Gomez Betancourt, Research series,
March 2018.

340. “One way to the top: How services boost the demand for goods”, by A. Ariu, F. Mayneris and M. Parenti,
Research series, March 2018.

341 “Alexandre Lamfalussy and the monetary policy debates among central bankers during the Great Inflation”,
by I. Maes and P. Clement, Research series, April 2018.

342. “The economic importance of the Belgian ports: Flemish maritime ports, Liège port complex and the port
of Brussels – Report 2016”, by F. Coppens, C. Mathys, J.-P. Merckx, P. Ringoot and M. Van Kerckhoven,
Document series, April 2018.

343. “The unemployment impact of product and labour market regulation: Evidence from European countries”,
by C. Piton, Research series, June 2018.

344. “Trade and domestic production networks”, by F. Tintelnot, A. Ken Kikkawa, M. Mogstad, E. Dhyne,
Research series, September 2018.



30 NBB WORKING PAPER No. 360 – DECEMBER 2018

345. “Review essay: Central banking through the centuries”, by I. Maes, Research series, October 2018.
346. “IT and productivity: A firm level analysis”, by E. Dhyne, J. Konings, J. Van den Bosch, S. Vanormelingen,

Research series, October 2018.
347. “Identifying credit supply shocks with bank-firm data: methods and applications”, by H. Degryse,

O. De Jonghe, S. Jakovljević, Klaas Mulier, Glenn Schepens, Research series, October 2018.
348. “Can inflation expectations in business or consumer surveys improve inflation forecasts?”, by R. Basselier,

D. de Antonio Liedo, J. Jonckheere and G. Langenus, Research series, October 2018.
349. “Quantile-based inflation risk models”, by E. Ghysels, L. Iania and J. Striaukas, Research series,

October 2018.
350. “International food commodity prices and missing (dis)inflation in the euro area”, by G. Peersman,

Research series, October 2018.
351. “Pipeline pressures and sectoral inflation dynamics”, by F. Smets, J. Tielens and J. Van Hove, Research

series, October 2018.
352. “Price updating in production networks”, by C. Duprez and G. Magerman, Research series, October 2018.
353. “Dominant currencies. How firms choose currency invoicing and why it matters”, by M. Amiti, O. Itskhoki

and J. Konings, Research series, October 2018.
354. “Endogenous forward guidance”, by B. Chafwehé, R. Oikonomou, R. Priftis and L. Vogel, Research series,

October 2018.
355. “Is euro area Iowflation here to stay? Insights from a time-varying parameter model with survey data”, by

A. Stevens and J. Wauters, Research series, October 2018.
356. “A price index with variable mark-ups and changing variety”, by T. Demuynck and M. Parenti, Research

series, October 2018.
357. “Markup and price dynamics: Linking micro to macro”, by J. De Loecker, C. Fuss and J. Van Biesebroeck,

Research series, October 2018.
358. “Productivity, wages and profits: Does firms’ position in the value chain matter?”, by B. Mahy, F. Rycx,

G.  Vermeylen and M. Volral, Research series, October 2018.
359. “Upstreamness, social upgrading and gender: Equal benefits for all?”, by N. Gagliardi, B. Mahy and

F. Rycx, Research series, December 2018.
360. “A macro-financial analysis of the corporate bond market”, by H. Dewachter, L. Iania, W. Lemke and

M. Lyrio, Research series, December 2018.



© Illustrations :  National Bank of Belgium

Layout : Analysis and Research Group 
Cover : NBB AG – Prepress & Image

Published in December 2018

Editor

Jan Smets
Governor of the National Bank of Belgium

National Bank of Belgium 
Limited liability company 
RLP Brussels – Company’s number : 0203.201.340 
Registered office : boulevard de Berlaimont 14 – BE -1000 Brussels 
www.nbb.be


