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Abstract

This paper investigates the risk premia of U.S. corporate and Trea-
sury bonds. Using excess return regressions, two risk factors are de-
rived from yield and macroeconomic data: a priced term risk factor
and a priced credit risk factor explain half of the variation in one-year
corporate and Treasury excess returns. The information of the term
risk factor is not represented by major yield characteristics but is a
hidden risk factor whereas the credit risk factor is not hidden. The
term risk premium is earned primarily for exposure to inflation and
the yield level and the credit risk premium is earned for an exposure
to real growth and the credit spread level. The regression results are
usefull for the specification of the market prices of risk in affine credit
term structure models: The two-factor representation of the risk pre-
mium suggests a rank restriction on the market prices of risk and an

additional pricing factor to capture the hidden property of term risk.
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1 Introduction

Understanding risk premia in fixed income markets is of pivotal importance
for investors, regulators and central bankers. Bond yields represent expected
future yields as well as risk premia for taking credit and term risk.

Investors are interested in the expected excess returns of investment
strategies, their risk and cyclicality with the business cycle. Regulators’
and central bankers’ interst in the term structure of Treasury and corpo-
rate bond yields is to extract forward looking information about the business
cycle development. A prerequesite for the use of yield curve data as a busi-
ness cycle indicator is the understanding of term and credit risk premium
contained in yields in order to filter the expectations about perceived future
monetary policy and future corporate defaults net of the risk compensation.
Term premia in the Treasury bond market are intensively studied, as well as
their implications for yield curve modelling both in the finance and macroeco-
nomic literature.! Corporate lending conditions have gained the attention of
policymakers in the course of the recent financial crisis.? Credit spreads are
used to measure the acceleration effect of credit conditions for the business
cycle. However, there is little research on credit risk premia, the interaction
of credit and term risk and on their joint relation to the business cycle.

This is the first paper to jointly investigate the term and credit risk premia
of U.S. corporate and Treasury bonds, the role of the business cycle for risk
premia and the implications for the specification of the market prices of risk
in affine credit term structure models. Three research questions are in the
center of interest:

First, what are the joint determinants of risk premia in Treasury and
corporate bond markets and are there linear combinations of the determi-
nants that explain risk premia for a wide spectrum of credit qualities and
maturities? In the Treasury market, the tent-shaped factor of Cochrane and

Piazzesi (2005) predicts Treasury bond excess returns for maturities up to

!See literature review in section 2 for the risk premium literature and Rudebusch (2010)
for a review of the macro-finance literature of the Treasury yield curve.

2Roger and Vlcek (2012) provide a literature survey of dynamic stochastic general
equilibrium models with financial imperfections.



five years and thereby provides evidence for a one-dimensional risk factor in
the Treasury market. To the best of my knowledge, this is the first paper
to study the dimension of risk premia in the Treasury and corporate bond
market in a joint approach. I find that excess returns are driven by three
one-year average forward rates and three one-year junk-investment-grade for-
ward credit spreads, both with maturity in one, three and five years. They
explain about half of the excess return variation. Two factors that are linear
combinations of the six forwards have virtually the same explanatory power
than the unrestricted model. The first factor represents the term risk, the
average excess return of all ratings with increasing impact on longer matu-
rities. The second factor distinguishes bonds from the high-yield and the
investment grade sector and will be called credit risk factor. Adding indus-
trial production growth contributes to the predicition of junk bond excess
returns.

The second research question is whether the return forecasting credit risk
factor or the term risk factor are hidden from the term structures. Hidden
factors do not represent major characteristics of the cross section of the yields
(e.g. level, slope, credit spread) although they are important determinants
of expected excess returns i.e. bond risk premia.® I find a hidden term risk
factor which is consistent with the Treasury bond risk premia literature. The
credit risk factor can be replaced by a linear combination of the first to third
yield principal components and is therefore not hidden from the cross section
of yields.

The third research question covers the implications of the aforementioned
results for the specification of affine term structure models. The two dimen-
sional risk premium imposes a rank restriction on the market price of risk.
The presence of a risk factor hidden from the cross section of yields implies
to increase the number of factors in a dynamic term structure model beyond
the dimension suggested by the cross section alone. Finally, I extend the

analysis of Cochrane and Piazzesi (2008) to the corporate sector in order to

3The term “hidden” is used in the sense of Cochrane and Piazzesi (2005), (2008) or
Duffee (2011) and does not imply that the factors are completely unobservable. It means
that the hidden factors represent no yield characteristics like level, slope and credit spread
that are used to characterize the major cross section characteristics of yields.



study for which factor the time varying market price of risk is earned: The
term risk factor is primarily earned for exposure to inflation and the yield
level. The credit risk factor is earned for exposure to real economic growth
and the credit spread level.

A technical contribution is the construction of a new balanced panel of
corporate zero bond excess returns from yield curves and rating migrations
for a wide spectrum of maturities and credit qualities.* The new balanced
panel contains the excess returns of representative corporate zero bonds of
each rating and is the corporate equivalent to excess returns derived from the
Treasury zero bond yield curve. Therefore, it allows for a direct comparison
of this paper’s results on term and credit risk premia to the findings of the
literature on the Treasury term risk premium.

The remainder of the paper is structured as follows: After a review of the
related literature in section 2, section 3 describes the data and the construc-
tion of the new balanced panel of corporate bond excess returns. Section
4 investigates the financial drivers of risk premia before hidden factors are
studied in section 5. Section 6 covers the business cycle relation of excess re-
turns. Robustness tests are in section 7. Section 8 focuses on the implications

for affine term structure models. Section 9 concludes.

2 Related Literature

This paper extends the analysis of risk premia from the Treasury market
to the corporate sector, so a review of the Treasury literature is in order.
Starting with financial variables to test the expectations theory of the Trea-
sury term structure with a single forward rate in Fama and Bliss (1987) or
yield spreads in Campbell and Shiller (1991)°, one linear combination of five
forward rates by Cochrane and Piazzesi (2005) is considered to capture all

information in the cross section of yields and explains Treasury bond excess

4The literature on corporate bond risk premia usually uses bond indices or individual
(coupon) bond prices whereas Treasury risk premia are usually investigated based on
interpolated zero bond yield curves.

SCampbell and Shiller (1991) predict yield changes but the yield spread was used af-
terwards to predict excess returns.



returns with an R? of up to 44%. Recently, factors unrelated to the Treasury
yield curve are found to contain explanatory power for Treasury bond excess
returns beyond the cross section of the Treasury yield curve: Macroeconomic
variables of Ludvigson and Ng (2009) or liquidity measures of Fontaine and
Garcia (2012) as well as investor heterogeneity proxies of Buraschi and Whe-
lan (2010). These studies of Treasury bond risk premia have in common, that
one or two financial and/or economic factors drive Treasury bond excess re-
turns i.e. risk premia. Given that the cross-section of Treasury yields is
usually described by three factors (e.g. Litterman and Scheinkman (1991) or
Duffee (2002)) the dimension of the Treasury risk premium is lower than the
dimension of the processes necessary to describe the cross section of yields.
The explanatory power for Treasury bond excess returns of non-yield
data as well as the fact that the tent shaped factor of Cochrane and Piazzesi
(2005) is not covered by the classical Treasury yield curve factors level, slope
and curvature implies the existence of risk factors that are hidden from the
Treasury term structure. In a consistent affine term structure model with a
one-dimensional market price of risk, Duffee (2011) finds evidence for factors
partially hidden from the Treasury term structure. Cochrane and Piazzesi
(2005) derive a specification of the market price of risk consistent with their
regression results. In a subsequent paper, Cochrane and Piazzesi (2008) use
their return forecasting factor as observed but hidden factor in an estimated
affine term structure model. The return forecasting factor is the only fac-
tor driving the market price of risk. Their time varying risk premium is
a compensation for an exposure to the persistent level of the yield curve.
These findings allow Cochrane and Piazzesi (2008) to reduce the number of
risk process parameters in a four-factor model from 20 to 2. The relation
of the Treasury risk premium to a level effect is consistent with the findings
of Radwanski (2010) and Cieslak and Povala (2010). Both papers relate the
Treasury term risk premia to inflationary trends that are closely related to
the level of the yield curve. This paper uses standard techniques from the
Treasury literature in a joint study of corporate and Treasury bonds and
provides a robustness check for the findings in the default-free market.

In the corporate bond sector, there is only little current research compared



to the Treasury market. Fama and French (1989) study the joint determi-
nants of corporate bond and equity risk premia from 1927 onwards based on
individual bonds. Three factors — the dividend price ratio, the Treasury slope
and a credit spread — have explanatory power for excess returns of stocks,
Treasury and corporate bonds with an R? of about 30%. The variables are
interpreted as financial indicators of the business cycle and the expected ex-
cess return is found to be countercyclical. In a consecutive paper, Fama and
French (1993) use Treasury and corporate bond indices and more detailed
stock market data. Their major finding is an indirect effect of bond market
factors on excess stock returns through the stock market risk premium: Even
in the presence of other stock market factors, bond factors have a significant
impact on stock excess returns whereas the stock market factors loose ex-
planatory power for excess bond returns if bond factors are included. The
origin of common variation of excess returns is therefore identified in the
bond market. Their bond risk factors correspond to major characteristics of
the cross section of yields: The Treasury slope and a credit spread. They are
not hidden. Krishnan et al. (2008) predict credit spreads of single firms and
find predictive power of firm specific and macroeconomic factors. However
this impact is not robust to the inclusion of Treasury term structure or credit
spread data. This finding is similar to Collin-Dufresne et al. (2001), who find
aggregate data dominates firm specific data. The paper most closely related
to this study is Cheng and Kitsul (2008): They investigate holding period
returns of investment grade corporate bond and Treasury bond indices from
1976 to 2006 for two maturity clusters each. They find both Treasury for-
ward rates as well as six macroeconomic variables contain predictive power
of holding period bond returns with an R? of about 60%. In contrast to
these studies I extend the cross section of the bond data set as well as the
explanatory variables in particular for the junk bond sector.

The investigation of corporate excess returns is closely related to the de-
fault event risk premium. The default event risk premium is a compensation
for investors if individual firm defaults are not diversifiable and therefore the
event of a default carries a risk premium. In the case of non-diversification,

the risk neutral expected loss measured by the credit spread exceeds the real



expected loss and the holding period excess return of a corporate bond is
positive on average. Giesecke et al. (2010) studies a long history of U.S. cor-
porate bonds from 1866 to 2008 and find an average credit spread (153 BP) in
excess of the average loss (75 BP) which indicates the existence of a default
event risk premium. Yu (2002) theoretically decomposes the yield spread
into different components one of which is the default event risk premium
without an empirical study. Empirical studies of the event risk premium
compare ex ante the implied risk neutral loss rate to expected (real) default
losses. Driessen (2005) uses firm specific corporate bond data and proxies
the expected loss by rating agency information whereas Amato and Luisi
(2006) use expected default frequencies (EDF) of Moody’s KMV model in a
macro-finance setting. In both papers the credit spread is on average about
twice as large as the expected loss similar to Giesecke et al. (2010). However,
after correcting for tax and liquidity effects, there is no clear indication for
the existence of a default event premium in Driessen (2005). In contrast to
the default event premium literature, I take an ex post view by studying the

determinants of realized bond excess returns.

3 Data

This paper studies holding period excess bond returns. In a portfolio context,
an excess holding period return is the return of an investor that invests in a
Treasury or corporate bond over a period shorter than the bond’s maturity
and funds this investment by a riskfree loan for the holding period. A 7y
year holding period excess return of a bond th’T” with a credit quality j and
a remaining maturity of 7, years at the beginning of the holding period in ¢

is defined as

i\ Tn iy Tn T,
T‘TngTH = Thi+TH — Yt . (1)
y! ™ is the yield of a default-free Treasury (') zero bond that matures at

the end of the holding period 74 years from now. The holding period return



rhi  of zero bond th;m between ¢ and t + 7y is
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It is possible to split the excess return into a credit risk premium rz; .}

3 T7T’n .6
and the well-known (Treasury) term premium rz;;" :
JiTn _ JiTn T,mn T,mn Tyt
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I will use two datasets: A balanced panel of holding period returns based
on yield curves called "Migration Dataset” as well as a bond "Index Dataset®.
In addition, macroeconomic variables and yield curve data is used to con-
struct explanatory variables.

This study covers a rather short history starting in June 1992 and ending
in December 2006. The start is dictated by the availability of interpolated
corporate yield curves to construct the balanced excess return panel and the
explanatory variables. The end is set prior to the onset of the subprime
crisis to make results comparable to existing literature on Treasury term risk

premia. The holding period is equal to one year.

Yield Curve Data [ use Bloomberg par yield curves constructed from
Treasuries and from senior unsecured corporate bonds of the manufacturing
industry. Corporate bonds are available for Bloomberg Composite Ratings
AAA to B-. Due to the availability of rating migrations, I use full let-
ter ratings only. Bloomberg’s option adjusted par yields of senior unsecured
bonds from the manufacturing industry are transformed to continuously com-
pounded zero bond yields for each rating class j by the piecewise constant
forward rate bootstrapping approach of Fama and Bliss (1987).

Zero bonds with remaining maturities from two to ten years with annual

6A bar indicates average excess return of each category j: 7] oy = D, ra:{f;H. If
rating index j is missing, it refers to the average of all ratings.



spacing are considered. In total, there are 63 yield time series: 9 maturities
from each of the 7 credit qualities. Figure 1 contains a time series plot
of selected yields in Panel A and credit spreads in Panel B. A principal
component analysis of the cross section of yields and credit spreads in Table
1 showns a strong comovement of yields since more than 98 % of all 63
yields’” variance is explained by three principal components. The principal
component loadings in Figure 2 provide a standard interpretation: The first
yield principal component in the upper left panel is negatively related to all
yields and is the level. The second yield principal component in the mid-left
is a credit indicator that loads positive on junk bond yields and negatively
on investment grade yields. It is closely related to the first credit spread
principal component in the upper right panel with a correlation of 0.949.
The third yield principal component in the lower right panel is a slope factor
with negative impact on the short end and positive impact on the long end.
The magnitude of the opposite effect on the long and short end increases with
higher credit quality and is highest for Treasuries. The major characteristics
of the yield curve are summarized in the vector of the first to third yield

principal components
/!
peyy = ( level; credit, slope; > (4)

The term premium within each rating class (Panel A, column "T* to "B”) is
well described by 2 principal components that describe more than 99 % of
the yield variance.

Forward rates f and forward credit spreads fs are constructed from the

yield curve and will be used as explanatory factors:

; T T —TF +_
g aT JT—TF 5
trE prt —TF Yy ( )
'7 J— '7 T7

fSZ,ZF - ft],:F - t,’T; (6)

Subscript 7 is the maturity of the forward and 75 its time to maturity. To

shorten the notation, 7 is skipped if it is equal to one year.



Migration Dataset The construction of a balanced panel of holding pe-
riod returns based on corporate yield curves needs to take into account a
change in the credit quality during the holding period. A fraction qt try Of
all bonds with initial rating j at time ¢ changes its rating to j' during the
holding period. From the holding period return definition in equation (2)

follows:”

7'H

. T. J Tn—TH
JiTn _ 'n J ™ 4 § : —(Tn—TH)"Y
/rhtii-TH - log < qt—‘rTH t+TH ) N (7>

Annual rating migration fractions qt 1y are from Moody’s. These migrations

8 Prior

are available from 1998 on an annual basis for whole letter ratings.
to 1998 I use the historical averages up to 1998. A fraction w{HH of ratings
are withdrawn each year. The migrations of the respective rating class are
upscaled by 1/(1 — w] +ry) Such that the migration fractions add up to one.”
The withdrawal-adjusted average migration rates from 1920 to 2011 are in

Table 2.

In the case of default (j' = D) I use recovery of market value:

-7

(=1 )y 2T TH o
¢ (T Yy T = RECy, e (8)

The annual recovery rate of senior unsecured bonds REC,,, is from Moody’s
(2012) as well. A time-series plot of the recovery rate is depicted in Figure
3 together with the rating drift, which is defined as the relative difference
of up and downgrades. Recovery is positively related to the rating drift and
procyclically related to the business cycle. Thus there are more downgrades
and defaults in the NBER recessions (1990/91, 2001 and 2007/09) and in
case of a default during a recession, investors suffer a larger loss than during
a boom. Therefore, excess returns are likely to covary with the business cycle

as well.

. !
"This nests the Treasury return (¢ = 1): h;‘FfTH = :—;yt - MyHTH T

8 Annual reports are publicly available from 1993 onwards. The latest report is Moody’s
(2012). Moody’s report of 2003 does not contain a migration matrix.

9This adjustment is suggested in Moody’s (2008) for the adjustment of transition ma-
trices.
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Ratings below B have no equivalent Bloomberg yield data. At the end of
the holding period, all non-defaulted bonds that end up below B are assigned
to composite rating (C). To proxy yields of rating (C), the historical average
loss given default up to ¢, (1 — REC,) and the average historical probability
of default PD; are used to approximate the spread between (C) and B rated
bonds:*°
(PD,” — PD;)(1 - REC))

B,T,
— yPm . 9
Yy + — ()

(C)yn
t

Yy

Although equation (9) is based on real probabilities instead of risk neutral
ones I make no (default event) risk adjustment since the correction for liquid-
ity and taxes, which is important for the difference between corporate and
Treasury bonds, plays a minor role between two corporate rating classes.

Figure 1 contains in panel C a time series plot of the selected one-year
excess returns rx{’_:ZH and in panel D the credit risk premium Txi;fHT" Sum-
mary statistics are in Table 3. The average excess return increases with
maturity and decreases with credit quality up to BB. Rating B has a lower
average realized excess return than BB. Riskiness of excess returns in terms
of the standard deviation increases with longer maturity and lower credit
quality.

J:Tn

The principal component analysis of one-year excess returns ray,” and
credit risk premia rw{;TT}’IT” in Table 5 and Figure 4 provide some intuition
about the dimension of the risk process. The term risk within each rating
(Tab. 5, Panel A, column "T“ to "B%) is well-described by one factor as
in Cochrane and Piazzesi (2005). If all ratings are jointly considered, more
than 95% of all excess returns’ (T:U{L:ZH) variance is explained by the first and
second principal component (Tab. 5, Panel A, "all*). The loadings of the
excess return principal components (T:U{LZZH) are in the upper row of Figure
4. The first principal component in the upper left panel shows an increasing

impact in absolute terms for longer maturities irrespective of the rating. The

10A wide bar indicates historical averages. Duffie and Singleton (1999) show that under
a recovery of market value, the instananeous credit spread is the risk neutral expected
loss.
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second factor in the upper right panel loads negatively on excess returns
of junk bonds and positively on investment grade bonds. All other excess
return principal components (not displayed) only contribute marginally and
have no easily interpretable loading pattern. Credit risk premia rx{;TT}’IT” are
more homogenous compared to the raw excess returns: The first factor alone
captures more than 85% of the total cross sectional variation (Tab. 5, Panel
B, 7all“).

The advantage of this dataset compared to the data used in the existing
literature is its wide range of maturities and credit qualities in particular
for the junk bond sector. However, some limitations of the data remain:
In addition to non-availability of q{i/m before 1998 and a (C) yield curve,
the migrations contain financial institutions, non-financial corporates and
regulated utilities, out of which only the second group corresponds to the
Bloomberg corporate yield curve data such that sector specific events distort

11

the results."" Furthermore, recovery is found to be higher for speculative

grade bonds, but no rating-specific annual recovery data is available.

Index Database Bond indices of Bank of America Merril Lynch (BofA)
are available on Bloomberg. Master indices for investment grade and junk
bond ratings as well as Treasury bonds (T) summarize all bonds from each
credit category. There are maturity subindices for Treasuries and invest-
ment grade corporate bonds. High-yield bond ratings BB, B and (C) are
only available from December 1996 onwards without maturity segmentation.
Bond indices are face-value weighted total return indices of bonds with a re-
maining maturity of more than one year. Rebalancing at month-end excludes
all bonds that do not coincide with the (sub)index’ requirements. Cash-flows
received during the month are held as cash in the index to the next rebal-
ancing.

Comparing the selection of excess return time series of the two datasets

in Figure 1 Panel C to F shows comparable time-series characteristics. The

e g. Moody’s (2012) calls 2011 the "year of sovereign risk” with a stronger impact on
financial institutions, so using these downgradings for the manufacturing industry’s yield
data are exagerated.
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mean and standard deviation of BofA excess returns in Table 4 are compara-
ble to the migration dataset in Table 3 in particular the lower excess return for
B and (C) compared to BB. Within a rating class, the indices are slighly less
homogenous in terms of variance explained by principal components (Panel
C of Table 5) but still more than 95% of the return variance of the maturity
subindices of rating j is explained by the first principal component.

Correlations of the holding period returns'? of the Migration dataset and
the Bank of America "Master® indices are in Table 6 Panel A. The BofA
Master indices have a high correlation to the average migration rh’ of com-
parable credit quality. However, migration rh”P is more closely related to
Master BofA investment grade returns than to junk bond data such that the
junk-investment grade border is not properly fitted.'

The potential problems in the construction of the Migration database are
not relevant for the bond indices but for junk bonds the history is shorter
and no maturity subindices are available. Therefore the Index Database is

used for robustness checks in section 7.2.

Macro Data and other Financial Data I use the annual growth rate
industrial production ¢ as a real indicator and annual consumer price inflation
7 as a nominal indicator.

The relation of realized corporate bond excess returns and the business
cycle (Tab. 6, Panel B) is driven by the opposed effects of the procyclcal
riskless rate and the countercyclical credit risk: The sum of both is clearly
negative for investment grade bonds. For junk bonds, the correlation is close
to zero but still negative. For BofA excess returns and for Migration credit
risk premia 72/~ (not displayed) there is a positive correlation with g for
low quality bonds.!* The relation of excess returns to inflation is negative,

consistent with increasing yields as a consequence of higher inflation.

12Holding period returns are used to avoid spurious correlations in r& due to the identical
short rate.

13There is probably a term effect since the average maturity of the indices may deviate
from the maturity of the average Migration rz? of 6 years.

4In the economic upturn investment grade bonds loose , corr(g,rz444=T) = —0.53,
whereas junk bonds gain, corr(g,72?~T) = 0.19, in the Migration Dataset.
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Finally, the Treasury slope (y*¥ — y*) and Moody’s Baa — Aaa spread
are simple financial indicators as in Fama and French (1989) and (1993). All

data is from the Federal Reserve Economic Database (FRED).

4 Determinants of Bond Risk Premia

4.1 Methodology

This section estimates holding period excess return regressions
j7T — i j o j
ragy, = oan+ XY+ oheny, (10)

to study which observable variables X determine the holding period risk
premium for bonds with different credit quality ;7 and maturity 7,,.

Parameter estimation is challenging in the presence of autocorrelated and
persistent regressors with overlapping data. The monthly spaced one-year
excess returns induce a MA(12) structure in the error terms. In line with
the literature, I use an OLS approach with the heteroscedasticity and au-
tocorrelation consistent standard errors of Newey and West (1987) with 18
lags.'> The discussion usually refers to a significance level of 5% if not stated
otherwise.

The primary dataset is the Migration dataset, the BofA Index dataset is
used to cross check the results in section 7.2. The contribution of this paper
is the joint investigation of term and credit risk. So it would be desirable
to include all 63 excess returns from the Migration dataset into the analysis.
Since a table including all results is quite expensive in terms of space and
reading time, I only report the regressions of average excess return of each
rating ¥z’ for the Migration dataset. I will refer to selected maturity specific

results in the text.

15¢.g. Cochrane and Piazzesi (2005) or Ludvigson and Ng (2009). Other estimation
methods from the literature are inappropriate in the current setting: Bootstrapping the
underlying bond data as in Cochrane and Piazzesi (2005) is infeasible since the large panel
of corporate bonds induces a curse of dimensionality in the yield VAR estimation. Con-
sistent estimators like Campbell and Yogo (2006) or Stambaugh (1999) are only available
for the univariate setting.

14



4.2 Yield Curve Factors

The determinants of term and credit risk are studied first with rating-specific
explanatory variables to determine a benchmark. In a second step joint
explanatory varables for all ratings are used to construct two factors that

determine term and credit risk for bonds irrespective of rating and maturity.

Rating Specific Cochrane and Piazzesi (2005): Following Cochrane
and Piazzesi (2005), the information about term risk of Treasury bonds in the
Treasury term structure is best summarized by five one-year Treasury for-
wards. To capture credit risk, rating-specific one-year forward credit spreads
are added in a similar fashion for corporate bond returns. This yields a

corporate version of the unrestricted Cochrane and Piazzesi (2005):

rallt = ol + Bl f + B ofs + oderiny, (11)

with
o= Gyt 1oy (12)
fslo= (es)t f* fs° ) (13)

The two and four year forwards are skipped to reduce multicolinearity as in
Cochrane and Piazzesi (2008). ﬁf;l and 53;12 are the corresponding parame-
ter vectors with n and j referring to the excess return characteristics. The
regressors f{ and fs] are used for all bonds of rating class j independent of
their maturity 7,,. Table 7 contains the results of the rating-specific Cochrane
and Piazzesi (2005) model.

A tent-shaped pattern of Treasury forwards f7, that is observed in the
Treasury market, is not present for low quality bonds. Treasury forwards
are jointly significantly different from zero at the 5 % significant level in a
X2(3) test in column p(f7T), except for BB. However, individual parameter
significance is distorted by multicollinearity in particular for Treasuries for

which not a single forward rate is individually significantly different from

15



zero.16

Turning to forward credit spreads, there is a pronounced tent-shaped
pattern. The three-year forward credit spread is individually significantly
positive. The sum of the three parameters in 6272 is positive for all ratings
and the three forward credit spreads are jointly significantly different from
zero in the x%(3) test at the 5% level of column p(fs”). In the abscence
of a default event risk premium, the credit spread is just a compensation
for expected losses and has no systematic impact on excess returns and the
p(fs?)-test provides evidence for a default event risk premium.

The explanatory power in terms of R? is 30% for Treasury bonds and
increases to more than half of the excess return’s variance for junk bonds. For
all ratings, the six explanatory variables are jointly significant at the 1 % level.
The parameter values increase with larger maturities, the R? increases for
long-maturity Treasuries, with decreases for short-maturity corporate bonds.

Auxiliary results show that regressors that are specific to the rating and
maturity of the dependent variable inspired by Fama and Bliss (1987) provide
inferior explanatory power but support the evidence against the expectation
hypothesis and for the presence of a default event risk premium. The main
lesson from the rating specific approaches are that there is predictability of
excess returns with financial variables not only for Treasuries but also for

corporate bonds.

Moody’s Credit Spread Adjusted Model: The corporate Cochrane
and Piazzesi (2005) regressions are uninformative about the risk process that
jointly drives all maturities and rating classes due to the rating-specific re-
gressors. Moody’s junk-investment grade spread ¢s™ = Baa — Aaa used by
Fama and French (1989) and (1993) is a common measure of the overall credit

risk level. It will be used together with the Treasury forwards f7 which are

16There are two sources of multicolinearity: First between forward credit spread and
Treasury forwards with equivalent maturity, since both contain the same long term Trea-
sury forward. Second, the same yield is contained in two adjacent forwards and the
interpolation of the cross section may induces a high correlation of all yields.
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supposed to capture the term risk.
relly, = o+ Bfi + 000" +0eny, (14)

The results of this credit spread augmented Cochrane and Piazzesi (2005)
are in Table 8. The impact of Moody’s Baa — Aaa spread is significantly pos-
itive. The Treasury forwards are jointly significantly different from zero, pro-
viding further evidence for a default event premium, but their tent-shape dis-
appears. Comparing the explanatory power of the credit spread augmented
model to the rating specific corporate Cochrane and Piazzesi (2005) model
in Table 7 gives two major findings: First, the junk-investment grade credit
spread is helpful for the prediction of excess returns of bonds with the high-
est credit quality.!” The excess returns of bonds with low credit quality are
better captured by the rating-specific model. The latter finding can be ei-
ther explained by the actual need for rating specific information or by the

information in the term structure of forward credit spreads.

Unrestricted Forward Model: The unrestricted forward model uses term
structure information for both foward rates and forward credit spreads. The
rating specific forward spreads in the corporate Cochrane and Piazzesi (2005)
approach (11) are replaced by the average junk-investment grade forward

JIn - Since multicollinearity is a particular problem for the Trea-

spreads fs
sury forwards, the Treasury forwards f7 are replaced by the average forwards
f. The maturities 1, 3, and 5 year forwards are unchanged. The unrestricted

joint model is given by
TxgiZH = 04; + ﬁanft + 52,2f5211 + U£5t+TH (15)

The parameter estimates for all j-n-combinations of the Migration dataset
are depicted in Figure 5 and 6, the average excess return results are in Table
9. Average forward rates observe a tent shape and are jointly significantly

different from zero at the five percent level except for B rated bonds. Indi-

1"For the two-year Treasury bond, the R? nearly doubles from 21.61 to 41.01%.
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vidually, the one- and three year average forwards have the most impact.

Junk-investment grade forward credit spreads observe a tent shape as
well. They are jointly insignificantly different from zero for high quality
bonds in particular for those with a high time to maturity although the three
year forward credit spread is individually significantly larger than zero except
for Treasuries. Credit information in average forward rates f is sufficient to
capture credit risk of high quality bonds such that the information in the junk
and investment grade spreads fs’/ has no significant influence on these excess
returns in the y2(3) test in column p(fs’’). For rating T to A, excess returns
are better captured in terms of R? by average forwards f alone (not displayed)
compared to the rating-specific Cochrane and Piazzesi (2005) model in Table
7 and the credit spread augmented model in Table 8.

These six financial variables (and a constant) are able to explain more
than half of the average excess return variation (rz7) in Table 9. R? is higher
than for the simple credit spread augmented Cochrane and Piazzesi (2005)
regressions in Table 8 for all j-n-combinations of the Migration dataset. The
term structure of credit spreads and not only the level of credit spreads con-
tains important information about the risk premium of corporate and Trea-
sury bonds. Compared to the rating-specific Cochrane and Piazzesi (2005)
model in Table 7, the explanatory power is higher except for B for which the
R? of the rating specific benchmark is five percentage points higher.

Due to the pattern of the coefficients and the high explanatory power,
the choice of the explanatory variables seems to be reasonable to construct

joint risk factors in the next step.

Restricted Forward Model: Excess returns move jointly to a large ex-
tend (Table 5) and the unrestricted coefficients share a common pattern for
different credit qualities (Figures 5 and 6). Therefore the unrestricted excess

return prediction for each j-n-combination

E(rapl,) = ol + 8 fi+ 50" (16)
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is used for the factor construction. The idea of the factor construction is
to extract the major patterns of o/ and 53;71. This is done by a principal
component analysis of the expected excess returns (16) with the method of
of Cochrane and Piazzesi (2008). All 63 j-n-excess returns from the Migration
dataset from Figure 5 and 6 are included in the factor construction and not
the rating averages of Table 9. The risk factors Z; correspond to the first and
second principal component of the unrestricted demeaned expected returns

Ey(rail ) — 3, Ef(ral ) from equation (16):

ZT T T
Zy = < Ztc ) = I'o Et TZL'§+:H - ZEt Txig_ZH ]
t
fi i
= I ( Br Bo ) ( . TZt tJI (17)
:T e

['1.2 are the two eigenvectors associated with the largest eigenvalues of the
variance-covariance matrix of Ey(raj7: ) — &3, E,(ral[ ) of the Migration

dataset. The parameters are given by

Lo 5 - 28.90 —54.96 —2.48 1344 —40.03 5.12
AT _0.67 1453 —481 —284 —3.36 —2.22

The tent shaped pattern for Z7 of average forward and junk investment
grade spread from the unrestricted regressions is inverted. Z¢ is negatively
related to junk investment rade forward credit spreads. The loadings of the
expected excess returns in the lower row of Figure 4 have a similar shape than
the loadings of realized excess returns in the upper row: The first principal
component Z] captures the broad level of all expected excess returns, if
expected excess returns are high, the factor is small. Its increasing impact
for longer maturities qualifies Z] as a term risk factor. The second factor
77 distinguishes between junk and investment grade bonds, a high factor
value decreases the expected excess return on junk bonds and increases the
expected excess return on investment grade bonds. Z; is a credit risk factor.
ZT explains 82.87 % of the expected excess return variance, Zf explaines

14.59 % and the joint explanatory power of the remaining factors is only
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2.54%.
To check whether the restrictions induces a loss of explanatory power, the

two factors Z7 and Z are used as explanatory variables:
rall, = al+ 02+ ol (18)

Both factors in Table 10 are significantly different from zero, except for the
factor that separates junk and investment grade ratings Z¢, which has no
significant impact on BBB. The R? has the same magnitude than the un-
restricted model in Table 9. As in Cochrane and Piazzesi (2005) for the
Treasury market, the restricted model of the risk premium is able to recover

the explanatory power of the unrestricted model.

5 Hidden Factors

Three yield principal components pcy; are sufficient to describe the yield
curves as they explain 98.43% of cross-sectional yield variance (Table 1)
whereas the remaining 60 principal components explain the remaining 1.57%.
Are the factors Z] and Z; represented by pcy; or are they hidden from the
cross section of yields?
There are no hidden factors in case the yield principal components have
the same or higher explanatory power for excess returns than Z; and Z;:
m:{;:’;H = o + ﬁﬁ;,ypcyt + 0l ety (19)
The yield principal components in rows (19) of Table 13 observe an R? be-
tween 37% and 49%. For all rating averages, the two factors Z™ and Z¢ in
Table 10 have a higher R? than the first three principal components. The
factors pcy, that describe more than 98% of yields’ cross sectional variance
have less predictive power for the excess returns than a linear combination
of 6 forward and spot rates. There are hidden factors in the yield curves.
The number of hidden factors still needs to be determined. The second

test is to investigate how well the yield principal components are able to
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explain the yield forecasting factors:
Zl = o)+ ipey +ef (20)

Table 12 provides indication for the credit risk factor Z; to be not hidden,
since only three percent of its variation cannot be explained by pcy;. In
contrast, more than 20% of the term risk factor Z] variation cannot be
captured pcy;.

Although there is indication for a hidden term risk factor, the ultimate
decision whether a factor is hidden can only be judged based on the loss of
explanatory power for excess returns when a factor is skipped and replaced
by the yield characteristics pey;: Factor Z! is hidden, if the R? of an excess
return regression without Z" but including the yield curve characteristics pcy;
and the other factor Z; is as high as the R? of the restricted model (18) in
Table 10. The model to be estimated is

rm{ﬁH = al+b,7 + wépcyt + 0l ety (21)
Parameter indices j and n are skipped here. Table 13 contains the results for
the exclusion of Z¢ in (21 a): Looking at the R? first, the combination of Z7
and the three pcy,; are able to achieve a similar fit than both Z. Z7 is highly
significant whereas the hypothesis of joint insignificant principal components
cannot be rejected by the y2-test for some ratings. Therefore the credit risk
information of Z¢ can be replaced by the cross section of yields and Z¢ is
not hidden. In contrast to the credit risk factor Z¢, skipping Z7 leads to a
lower R? in line (21b) of Table 13. The impact of Z¢ on junk bonds and
BBB is insignificantly different from zero. The term risk factor Z7 cannot be

replaced by the yield principal components and is a hidden factor.

Restricted Financial Model: Replacing Z; by three principal compo-
nents increased the number of free parameters. Therefore a single linear
combination of 7;pcyt is derived from the unrestricted regressions param-
eters ’y?j in equation (21a) with the principal component methodology that

was used to construct Z7 and Z¢. The first principal component of demeaned
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vypcy, is called Z}:
Zy = TV.-~7 - pey = ( 1.10 3.20 2.60 )pcyt- (22)

'Y is the eigenvector of the largest eigenvalue of v/ pcy;. v, is the parameter
vector including all j-n-combinations referring to the yield principal com-
ponents of equation (21a) including Z] but not Zf. Table 11 shows a high
correlation between Z} and Zf. Hardly surprising, the correlation of Z/ with
observable yield characteristics is larger in absolute values than for Z7. The

fit of the restricted financial model
TI{L::H = a+ bi,lzf + bi,zzf + 09ty (23)

in Table 14 shows that the restriction does not reduce predictive ability in
terms of R? compared to Table 13. Compared to the credit risk factor Z¢
derived from forwards in Table 10, the observable yield characteristics com-

bined in ZY are effectively able to replace Z¢.

Summarizing the results from yield curve factor models, credit informa-
tion is not only important for corporate bond risk premia but also for Trea-
sury bond risk premia. This provides evidence for a default event premium
and against the expectation hypothesis of the Treasury term structure. In-
sample, the explanatory power with R? of about 50% is larger than found
in the Treasury literature (in a different sample period). The term premium
factor Z7 is hidden from the cross section of yields which is in line with a

hidden term risk factor in the Treasury market.

6 Risk Premia and the Business Cycle

This section studies whether business cycle indicators have a significant im-
pact on risk premia beyond the financial variables from the previous section.
The role of business cycle indicators is considered by the inclusion of indus-

trial production growth g and inflation 7 in the financial model (23). The
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macro augmented financial model is given by
T:E{L:ZH = al, Jszz,lth +b£z,2Z§/ +d (g m ) +0leim, (24)

Table 15 contains the results. The coefficients and significant levels of Z7
and ZY are unchanged by the inclusion of the macro variables. Inflation has
only little explanatory power. Industrial production growth has an impact
on the excess return of junk bonds but not of investment grade bonds. Good
economic conditions i.e. high current growth, increases the expected excess
returns of junk bonds which is well in line with a structural credit risk model.
The R? of investment grade bonds is left broadly unchanged whereas the fit
of junk bond excess returns increases by about 10 percentage points.
Macroeconomic variables have increased the number of risk factors as it
did the principal components in equation (21). The macro variables have
a significant impact on junk bonds only, so I will derive a joint factor for
the macro variables and pcy with the usual method: First an unrestricted
regression for the variables that are supposed to form the factor (pcy, g, and
) is estimated
rayln, = a0 20+ peys g m ) + Oherie, (25)
Then a principal component analysis of ya( pcy, ¢ 7 )" leads to the eigen-
vector I'M associated with the highest eigenvalue. The macro-credit factor is

given by
/
zM = FM'7M~<pcy£ 9t m) (26)
with
M _
Mgy = (175 489 290 451 279 ) (27)

The attempt to replace Z™ by a linear combination of pcy, g and 7 yields
a lower R? compared to Table 15 or 16. The hidden property of term risk

cannot is robust to the inclusion of business cycle variables.
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The correlations in Table 11 show a high comovement between the finan-
cial factor Z} and the macro-credit factor ZM. The relation of ZM to yield
curve characteristics is lower than for Z} but surprisingly ZM has a lower
correlation with g; than the financial factor Z;. Finally, ZM and Z] are the

explanatory variables in a restricted macro model:
rallh, = al + U2+ 02N + ol (28)

Comparing the results for the restricted model (28) in Table 17 with the
macro augmented financial model (24) in Table 15 reveals that there is only
a small loss of explanatory power in the Migration dataset. Treasuries have
a drop in R? of 3 percentage points to 47.79%, investment grade corporate
bonds R? of 60% and junk bonds about 60%.

Overall, the inclusion of macro variables is helpful for the predicition of
excess returns of low quality bonds at the cost of a minor loss of predictive
ability of high-quality bonds. Real business conditions are important deter-
minants of the junk bond risk premia. In a joint model for all rating classes,

the inclusion of macroeconomic variables seems to be justified.

7 Robustness

7.1 Measurement Error

In the Treasury literature, one is usually concerned about measurement er-
rors stemming from the common dependence of regressors and dependent
variables on time t yield information. If there are measurement errors in
time t-yields, they can cause spurious excess return predictability. The av-
erage forwards f of junk investment grade spreads fs'! are less prone to the
impact of single yield’s measurement error compared to Treasury forwards in
the Treasury market studies or rating-specific forward credit spreads in the
corporate Cochrane and Piazzesi (2005) approach. However, measurement
error remains a potential concern in the Migration dataset as well.

Using lagged explanatory variables eliminates the impact of time ¢ mea-
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surement errors as long as these are not serially correlated. Table 18 contains
the R? for the unrestricted forward model (15) and the corporate Cochrane
and Piazzesi (2005) model (11). There is no loss of explanatory power using
lagged regressors compared to the results neither for the unrestricted forward
model in Table 9 nor for the rating-specific benchmark model in Table 7. The
imposition of restrictions does not change this result. Measurement errors

are not responsible for the predictive power in the current setting.

7.2 Bank of America Dataset

The Bank of America Index dataset provides the opportunity to test whether
the factors Z°¢ that are derived from the Migration dataset in section 4.2 to
section 6 are representative for economy-wide bond risk premia or whether
they just capture idiosyncratic characteristics of the Migration dataset maybe
stemming from the problems in their construction from yield and rating
agency data. In addition, it constitutes another test for measurement er-
rors, since the Index excess returns are not constructed from the yield curve.

In this section I reestimate the regressions from the previous sections
with the BofA Index excess returns as dependent variables. The explanatory
factors Z7, Z¢, Z{ and ZM are the ones derived from the Migration dataset,
i.e. they are unchanged and only their loadings ¢/ and constant a? are fitted
to the Index dataset. Table 19 contains the results. The column header
provides reference to the Table number "Tab .“ and the equation number
7(.)¢ of the Migration dataset.

Consider the unrestricted forward model and the two benchmark models
in the last three columns first: About half of the excess return variation is
explained by the six forwards and forward spreads - a magnitude broadly
comparable to the Migration dataset. Only at the threshold between invest-
ment grade and junk bond rating, the R? is below 50% (BBB and BB). It is
difficult to distinguish between junk and investment grade sector in th BofA
dataset based on information from the Migration dataset. This is in line with
the holding period return correlations in Table 6. Only for the junk bond

P4

Master indices "J“, the simple "Moody’s“ credit spread augmented Cochrane
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and Piazzesi (2005) provide a superior fit than the unrestricted model. Com-
pared to the corporate Cochrane/Piazzesi approach "CP“ the unrestricted
forward model has a higher R? except for the BB index.

The financial factor model in Panel A observes not only an increase in the
loadings of the term risk factor Z7 as in Table 14 but a change in sign for junk
bond ratings although the positive coefficients are only marginally significant
for (C)."® The credit risk factor Z¥ parameters have a similar pattern than
their Migration counterparts: They get larger with decreasing credit quality
and the impact is significantly different from zero except for ratings at the
threshold between junk nd investment grade bonds. The fit in terms of R?
compared to the "Unrestr.” column is comparable for investment grade bonds
but worse for junk bonds, in particular for BB for which the R? drops from
48.77% to 22.01%. Again, the fitting of the threshold between investment
grade and junk bonds is worse.

The macro-credit factor Z™ in Panel B induces an increase in the ex-
planatory power for junk bonds. The R? in Table 17 is now of comparable
magnitude to the Migration dataset for all ratings and the deficits in fitting
BBB and BB are removed. The coefficients of the macro-financial factor Z™
are increasing for lower credit qualities and are significantly different for all
ratings again except for A and BBB. The coefficient of the term risk factor
Z7 is significantly negative only for investment grade bonds. In comparison
to the financial model in Panel A, the macro model works better for junk
bonds whereas the financial model has an advantage for high quality corpo-

rate bonds.

Overall, the results of the Bank of America Index dataset are broadly
in line with the results from the Migration dataset, although the credit risk
factors Z¢ and ZY have trouble to fit the threshold between investment grade
and junk bonds in the BofA dataset if no macro data is used. This might be
caused by the construction of the factors by Migration data: Five investment

grade or Treasury ratings are combined with only two junk bond ratings such

8The restricted forward model (10) with Z¢ gives the same economic results than the
financial factor model and can be skipped.
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that the fit of high quality bonds has a higher weight in the construction of
the factors than differences in credit quality. The high increase in R? induced
by the macro-credit factor Z¥ underlines the importance of macroeconomic

information for low quality bond risk premia.

8 Affine Models

Following the regression result in the previous sections, the time variation of
the market price of risk depends on two linear combinations of forwards, yield
principal components and macroeconomic variables. This section illustrates
the regression implied consequences for affine term structure modelling and
finally for which factor exposure the time varying risk premia are earned for.

An affine term structure model is characterized by K factors in vector X,
that drive the cross-section of yields and risk premia of the bond markets for
all maturities and credit qualities. The real world dynamics of the factors

are given by a vector autoregressive process:
Xigar = v+ X+ Yegng (29)

Disturbances ¢ are iid multivariate standard normal. The factors X; can
be macroeconomic variables or latent processes. In this class of models, the

market price of risk processes are affine, too:
)\t = )\0 —+ )\XXt (30)

Technically spoken, the goal of this section is to derive implications for the
parameters of the market price of risk Ag and Ax from the excess return
regression results.

The details of affine bond pricing models are not relevant for this analysis
except that the model can be derived from the stochastic discount factor.

The expected excess return is determined by the covariation of the excess
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return with the factor surprises and the the market price of risk!'
JiTn 1 J>Tn JiTn ’
E(rayia,) + §vart(rxt+m) = cou(reynp ) (Ao + Ax Xy) - (31)

The left hand side expectation is aZ + 3/ X; and the variance (07)? from the
restricted regression (23) or (28). 3/ contains restrictions from the factor
constructions that are discussed below. The conditional covariance is time-
constant in the Gaussian setting and the matching principle yields a relation
between excess return regression coefficients and the market price of risk

parameters:

al, +=(0})? = COUt(Tx{fAt?‘C:;H-AtZ/))\O (32)

3= covt(rx{fAt,g;+AtZ’))\X (33)

The regression coefficients and the covariance are specific to the holding pe-
riod: The data frequency At of the VAR must equal the holding period 7y
of the regression. This might contradict the usual quartely or monthly VARs
that are used in the affine term structure literature.

The presence of latent factors turns X; and &;,5; to unobservable vari-
ables. Therefore the time series process (29) and the excess return regression
parameters o/ and (3 cannot be estimated from observable data as well as
the covariance term in (31). However, latent factors are usually highly cor-
related with yield principal components. In order to gain some intuition for
the origin of the risk premium without a specification of a dynamic term
structure model, I carry on with the hidden term rsik factor Z] and the yield

principal components as proxies for the latent yield factors:?

!/
Xem X7 = (27 pey; ) (34)

For the macro-credit specification, industrial production growth and inflation

19See appendix A.1 and Cochrane and Piazzesi (2008).
20 Appendix A.2 discusses the conditions and potential inconsistencies if observable data
replaces latent factors.
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are added to the factor vector:
/
Xem Xy = ( ZL ey 9 ™ ) (35)

The estimation of the observable equivalent of (29) with demeaned X/ at

data frequency 7 is carried out with OLS:
XP, = ©X7+¢ef,,, with € rry ~ N(0,V7). (36)

Given the one-year holding period, the time-series contains only 14 obser-
vations. Therefore I estimate the factor processes independently, such that
only one parameter per factor has to be estimated. The monthly frequency
yields twelve estimates for ® from which I use the simple average to construct
0 ,->" The errors are used to determine the covariances with excess returns
Crn = covt(rx{fm, (¢¢,,)"). The parameter mapping from equations (32)
and (33) is

. 1 . .
3 o= Chix (38)

Section 4 provides evidence for only two linear combinations to represent

the market price of risk. Therefore a rank restriction on Ay can be imposed:

Ax = A A =(A AN (39)

(Kx2) (2xK)

A; contains the loadings of the two factors in column vectors \; and Ay, A,
contains the structural relation between the factors. Z] is included in X7

whereas Z} and ZM are linear combinations of pcy, and maybe g; and m;:

A = feobd (40)
0 I Yi

21The average autoregressive matrix used for the calculation is given by

® = diag( 0.319 0.041 0.340 0.579 0.636 0.229 ).

29



Index i is either y for the financial factor Z; for which the restriction is given
by 'V, in equation (22) or ¢ = M if macro variables are included for which
the restriction '™+, is given by equation (26). The only free parameters
are in the loading matrix A\;. The rank restriction and the restricted excess

return parameters are used to split the mapping of 62 into two parts

B o= CITAN, (41)
<bi,1 bzz,QFi/yi> = Cﬁ}?( A1 >\2Fi%> (42)

to recover the two-factor structure of the excess return regression:??

b = Chth (43)
o = CI' (44)

Ao, A1 and Ay are identical for all j and n. Equations (43), (44) and (37)
can be interpreted as cross sectional regressions to estimate the constant of
the market price of risk \g, the first column A; and the second column Ay of
J

n,l»

by the covariance C2".?3 Table 20 contains the OLS estimates of A, A\; and

Ao as well as associated absolute t-values. The numerical values of A\ are not

the loading matrix. The dependent variables a?, and bi,z are explained

informative, but the significance levels indicate for which factors the time
varying risk premium is earned for. Both the Migration dataset and the

BofA maturity subindices of investment grade ratings are used.

Migration Dataset: All parameters of the 63 combinations of j and n
from Figure 5 and 6 are used to estimate the market price of risk parameters.
The results are in Panel A of Table 20. Consider the financial model with

dynamics of Z7 and pcy for one-year excess returns (7 = 1) in the left block

221y, is eliminated by postmultiplicating the second block with (T, )’ [Ty, (Iiy;)/] L
b 5 = b, oDy (D) [T (Thy) '] !

23The graphical approach of Cochrane and Piazzesi (2008) in a one hidden factor setting
is not feasible with the large number of j-n-combinations.
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of Panel A first. The constant Ay and the market price of risk associated to
term risk A\; have a significant entry for the level. The unconditional mean
as well as the compensation for the term risk Z7 is earned for an exposure
to level risks. In addition, term risk premia are also earned for exposure to
term factor itself and to slope. The relation of the term risk to the level is
consistent with the findings of Cochrane and Piazzesi (2008) in the Treasury
market and supports the specification of the market price of (term) risk in
Duffee (2011). The credit risk factor Z¥ has an impact on risk premia through
the credit factor itself.

Adding macroeconomic variables to the model in the right block of Panel
A allows to investigate the economic sources of the risk premia. The un-
conditional market price of risk has no significant entry for macroeconomic
variables but all financial variables turn out to be significant. The term risk
is related to output growth, inflation, and level. The significant entries in
the financial model in Panel A for Z7 and slope are not present anymore.
The relation of term risk to inflation is a finding similar to Radwanski (2010)
and Cieslak and Povala (2010) in a different setting. The irrelevance of the
slope for the term premium is discussed in Cochrane and Piazzesi (2008).
The remuneration of term risk for exposure to real business risk and credit

spread exposure is novel but in line with economic intuition.

Bank of America Investment Grade Indices: 1 use the 36 maturity
specific subindices from investment grade ratings in Table 4 to estimate the
parameters in Panel B. The results for the term premium support the major
findings for the term risk: It is primarily related to the level and macroe-
conomic variables. In the financial model in the left block of Panel B, the
level is the only relevant variable, slope and Z7 are not significantly different
from zero. The results for credit risk factors Z¥ and Z™ derived from the
Migration dataset are different in the BofA dataset: All variables seem to be
relevant except for the slope in the macro-credit model n the right block of
Panel B. However the Bank of America Index Database only comprises data
from the investment grade sector.

Summarizing the result of the impact channel study, the findings of the
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relation of term risk to level and inflation and the irrelevance of the slope for
the term premium are in line with existing research on the Treasury term
premium. The relation of credit risk to the real business cycle conditions
is in line with economic intuition. However, some caution is warranted in
particular for the constant and the role of credit risk in the BofA dataset. In
a consistent affine term structure model, a flexible specification of the market

price of risk processes is highly recommended.

9 Conclusion

This paper is the first empirical study of the joint determinants and the di-
mension of term and credit risk premia. I extend the literature on Treasury
bond premia to the corporate sector in order to improve our understanding of
credit and term risk premia. Two linear combinations of yield and macroeco-
nomic variables are priced risk factors. The credit risk factor is represented
by major yield curve characteristics in contrast to the term risk factor that
is hidden.

A key finding for all specifications and datasets is the superior perfor-
mance of restricted models with joint factors compared to unrestricted rating-
specific benchmarks: The general credit conditions seem to be more impor-
tant for a bond’s return than information specific to the bond’s credit quality
in particular for bonds with the highest credit quality. This implies for fi-
nance and macroeconomics to aggregate information for an econometric and
an economic reason: Given the true model is in fact a two risk factor model,
the average forwards are less distorted by measurement errors or liquidity
differences than rating specific data. The economic explanation is based on
the business cycle dynamics. High quality bond yields reflect primarily the
central bank’s decisions about the riskless short rate which depends on the
stance of the business cycle. A growing literature provides evidence for the
superior information in credit data for the business cycle compared to Trea-
sury yield data. Hence, credit information has explanatory power for future

growth which is an important determinant of future central bank key rates
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and finally the high quality bond yield.?*

The results from this paper deliver valuable intuition for the specifica-
tion of an affine credit term structure model: The two risk factor structure
suggests a rank restriction on the market price of risk and the hidden factor
property suggests an additional factor of an affine model. These restrictions
reduce the number of parameters in an affine credit term structure model
which may facilitate its estimation. In addition, I find the term risk premia
are compensations for exposure to level and inflation risk whereas credit risk
is a compensation for real growth risk and credit spread level risk. All term
risk findings are in line with the Treasury bond excess return literature.

Overall, the regression results and their implications for affine models
improves our understanding of expected future interest rates and risk pre-
mia which is necessary to base well-founded investment strategies or policy

decisions on yield curve data.

A Appendix

A.1 Expected Excess Return and Market Price of Risk

The step length At of the VAR (29) is equal to the holding period 75 = At.
The log stochastic discount factor (SDF) is given by

1
Minr = —y0 o — §>\222//\t — N XA (45)

The conditional expectation and the conditional variance are given by:

1
Ei(migin) = =Byl ™) - §Et()\222/)\t) — Ey(NXerrar)
1
= % = SNSE (46)
1
Uart(thAt) = U(l’/’t(—yér’At — 5)\222/>\t — Aézet—i-At)
= NIY\, (47)

24See Mueller (2008), Speck (2010) or Dewachter et al. (2012) for affine credit term
structure models that investigate the feedback of financial conditions on the business cycle.
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For a excess return over a At period follows:

1 = Et <6mt’t+At+Thg:?+At>

_ jin rar) 1 jin
0 = E <mt,t+At T IrT A T U > +5var (Mmugsne + 127 A
) 1 , )
— J,T J,m J,n / /
0 = Et(mct,wm) + _Umnt(rxt,wm) - Covt(rxt,prma Erenr) (Ao + Ax Xy)

2

If the holding period is equal to the time step of the VAR, the mapping
from regression parameters to market prices of risk is straightforward since
Ei(.) and vary(.) are given by the regression and the conditional one-period

covariance is time invariant due to the Gaussian innovation.

A.2 Affine Models and Forecasting Factor

This appendix covers the distinction between observable variable processes
and latent factors. Principal components as well as yields or the forwards
underlying potential forecasting factor are measurements rather than factors

in an affine term structure model:

Yt = A+BXt+Ut (48)

peyr = (Y =Y) (49)

Y, is a vector of zero bond yields. Y is the yield average and I' the eigen-
vector(s) associated with the principal components. A and B contain the
restrictions of no-arbitrage.

Hamilton and Wu (2010) derive for their minimum chi squared estimation
approach a mapping from the observable X7 process (36) parameters to the
latent X, factor process parameters of (29). For the financial model, assuming
zero measurement error v; = 0, substitute (49) and (48) into (36). Solve for

the latent variables X; yields the latent factor dynamics as a function of the
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observable factor VAR:

X = gBrﬂw+aw—nnA—Yﬂ (50)
UYﬂ‘1¢%Y3A;+—GY%‘IEOQ+1 (51)
P P

Unless the additional restriction X7 ; = X, is imposed, the observable coun-

terpart can differ from the latent factors.

Xip=pcyy = I'(Y;-Y) (52)
— T(A+ BX; +w) (53)

Three requirements have to be met for X7 = X;: First the measurement
errors v; have to be tiny. However, the assumption of no measurement error
is critical in the light of hidden factors: What is considered to be a minor
measurement error in the cross section of yields may turn out to be an im-
portant hidden factor for expected excess returns. Therefore in the model
specification process, the dimension of the factor process may not solely be
determined from the cross section of yields. Second, Iy = I'B which is not
problematic from a parameter-restrictions count since there are K? free pa-
rameters in A that is used to construct B. Third, 0 = I"(A —Y') imposes K
restrictions which can be met by the K free parameters in \y that determine
A.

From a mathematical perspective it is possible to construct market prices
of risk such that the observed variables coincide with the factors (see also
Cochrane and Piazzesi (2005) section III. B). From an economic perspective,
the restrictions on Ay that are necessary to set X7 = X; may conflict with
the rank restriction on the risk premia in section 4. A restriction to rank rk
reduces the number of parameters by rk - (K — rk) and there are not enough
free parameters to ensure X7 = X;.

So why do I carry on with X7 ~ X, despite these shortcomings? The

estimation of an unrestricted affine term structure model is challenging and
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I hope the approximation errors are small enough to get further insights into
the structure of the market price of risk. These insights might be helpful in
the specification and estimation of a consistent dynamic credit term structure

model.
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Table 1: Yield and Credit Spread Variance Explanation
Variance explained by the 1st to 5th principal component in percent. ”all“ summarizes all
bond yields or spreads including Treasuries. "IG* indicates all corporate investment grade
time series, ”J* all corporate junk bond time series. "T* to "B* are the variance explained
of principal components that are calculated from all maturities of the rating class.

Panel A: Yield variance explained.
all IG J T AAA AA A BBB BB B

1 83.57 9459 9481 9497 9533 9529 9545 95.22 96.61 97.49
2 12.36 4.63 2.63 4.89 4.51 4.57 4.39 4.58 2.92 2.04
3 2.50 0.53 1.42 0.08 0.08 0.07 0.07 0.10 0.27 0.31
4 0.63 0.05 0.70 0.03 0.04 0.03 0.05 0.04 0.11 0.08
5 0.36 0.04 0.22 0.01 0.02 0.02 0.03 0.03 0.05 0.04
Panel B: Credit spread variance explained

all IG J AAA AA A BBB BB B
1 87.60 89.10 91.14 88.08 9214 93.33 95.16 94.67 93.40
2 5.76 5.07 5.19 5.95 3.11 3.30 3.47 4.59 5.93
3 3.58 1.67 2.30 2.18 1.59 1.48 0.61 0.39 0.40
4 0.85 1.07 0.73 1.41 1.17 0.58 0.25 0.19 0.15
5 0.74 0.69 0.30 1.16 0.87 0.51 0.20 0.08 0.06

Table 2: Average Moody’s Annual Rating Migration 1920-2011
Average migration in percent. Column header is start of year rating j. End of period
rating j' name is in in the first row. Source: Withdrawal-adjusted rating migration from
Exhibit 25 of Moody’s (2012).

AAA AA A BBB BB B (©) D
AAA 90.40 1.27 0.08 0.04 0.01 0.01 0.00 0.00
AA 853  89.83 3.06 0.30 0.09 0.05 0.03 0.00
A 0.87 781  89.93 475 0.53 0.17 0.08 0.00
BBB 0.17 0.79 592  88.26 6.68 0.66 0.13 0.00
BB 0.03 0.18 0.74 534 82.84 6.56 0.72 0.00
B 0.00 0.04 0.13 0.85 7.68  81.43 6.60 0.00
(C) 0.00 0.01 0.04 0.16 0.73 6.94 7179 0.00
D 0.00 0.07 0.10 0.30 1.43 419 2065  100.00
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Table 3: Migration Excess Return Statistics

1-year excess returns’ mean and (standard deviation) in percent.

j rad? rad? rad?t rad® rad® rad’ ral® ra?®  pgd10

T 0.600 1.023 1515 1.721 2348 2568 2.790 2.923  2.907
(1.894) (2.707) (3.778) (4.726) (5.619) (6.454) (7.302) (8.018) (8.579)
AAA 0910 1424 1998 2216 2.748 2919 3233 3275  3.551
(1.459) (2.783) (5.998) (4.890) (5.846) (6.588) (7.329) (8.127) (8.851)
AA 0962 1442 2004 2205 2777 2945 3210 3.273  3.495
(1.470) (2.807) (5.952) (4.847) (5.865) (6.623) (7.352) (8.110) (8.875)
A 1143 1.719 2256 2473  3.111 3.275 3.503 3.542  3.693
(1.497) (2.819) (5.770) (4.599) (5.651) (6.393) (7.063) (7.773) (8.699)
BBB 1306 1.796 2267 2442 3032 3.128 3.188 3279  3.383
(1.446) (2.650) (5.672) (4.529) (5.580) (6.397) (7.140) (7.891) (8.553)
BB 2264 2809 3351 3.608 4.195 4329 4.774 5.086 5.594
(2.294) (5.410) (4.493) (5.266) (6.013) (6.707) (7.467) (8.304) (9.420)
B 0783 1.131 1526 1561 1.669 1597 1.671 1.665 1.832
(3.384) (4-511) (5.558) (6.505) (7.727) (8.860) (9.726) (10.604) (11.671)

Table 4: BofA Index Excess Return Statistics

1-year excess returns’ mean and (standard deviation) in percent. "Master* is the index for
all maturities of a rating. Empty entries indicate no available data. The sample period
June 1992 to December 2006 for all data except for "BB*, "B* and ”(C)“, that start in
December 1996.

j Master 1-3Y 3-5Y 5-7Y 7-10Y 10-15Y 15+Y

IG 2.590 1.437 2.114 2.653 2.755 3.127 3.447

(4.919) (1.921) (8.431) (4.596) (5.626) (6.297) (7.088)
J 3.296

(7.946)
T 1.810 0.616 1.416 1.876 2.167 2.726 3.601
(4.258)  (1.603)  (5.638)  (4.599)  (5.779)  (5.959)  (8.258)
AAA 2.485 1.249 1.999 2.717 2.614 3.113 3.586
(4.845)  (1.907)  (5.585)  (4.684)  (5.887)  (6.261)  (6.783)
AA 2.461 1.370 2.078 2.710 2.844 2.915 3.559
(4.948)  (1.945)  (5.559)  (4.761)  (5.835)  (6.662)  (7.35})
A 2.559 1.424 2.121 2.785 2.737 3.116 3.521
(4.844)  (1.914)  (5.505)  (4.818)  (5.781)  (6.636)  (7.190)
BBB 2.635 1.419 2.121 2.563 2.748 3.399 3.390

(5.148)  (2.168)  (3.566)  (4.824)  (5.628)  (6.263)  (7.184)
BB 2.643

(6.255)

B 1.374
(9.193)

() 1.325
(17.911)
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Table 5: Excess Return Variance Explanation
Variance explained by the 1st to 5th principal component in percent. "IG* indicates all
corporate investment grade time series, ”J“ all junk bond time series. ”IG“ in Panel C is not
the variance percentage explained of the six investment grade maturity specific subindices
in the first row of Table 4 but refers to the 24 maturity specific corporate investment grade
subindices from ratings AAA to BBB in Table 4.

Panel A: Excess return ra{/7
all IG J T AAA AA A BBB BB B

1 7883 96.75 89.81 97.85 9791 98.10 9799 9779 96.38 96.95
2 16.78 1.76 6.99 1.85 1.75 1.61 1.68 1.83 291 2.32
3 1.54 0.91 1.68 0.18 0.18 0.16 0.18 0.23 0.44 0.48
4 1.15 0.13 0.84 0.05 0.08 0.06 0.07 0.06 0.16 0.15
) 0.54 0.12 0.32 0.03 0.03 0.02 0.03 0.04 0.07 0.05
Panel B: Credit risk premium rm{;f}’f"
all IG J AAA AA A BBB BB B
1 85.52 73.79 90.28 86.02 87.55 87.71 9224 93.70 95.89
2 5.42  13.62 5.04 6.19 6.07 6.28 4.77 4.67 3.11
3 3.51 3.60 2.72 3.56 2.58 3.09 1.49 1.16 0.64
4 2.03 2.37 0.87 2.04 1.93 1.04 0.58 0.23 0.19
5 0.84 1.80 0.55 0.93 0.76 0.67  0.36 0.12 0.09
Panel C: BoA excess return of rm{f:H
all 1G J T AAA AA A BBB BB B
1 91.61 96.07 9542 96.31 96.00 96.14
2 4.35 3.49 3.18 2.90 3.09 2.08
3 2.40 0.31 1.10 0.59 0.71 1.14
4 0.57 0.08 0.19 0.14 0.12 0.32
) 0.30 0.03 0.07 0.04 0.06 0.21
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Table 6: Data Correlation

Correlation of the average realized holding period return rh’ of the Migration dataset
(column headers) and the realized holding period return of the Bank of America "Master*
indices in Panel A. Panel B contains the correlation of the Migration ezcess returns r7
with selected financial and economic indicators.

Panel A: Bank of America Index Holding Period Return

i’ 7“71AAA r7LAA rhA e PP rh”
T 0.985 0.966 0.964 0.951 0.921 0.663 0.311
AAA 0.976 0.985 0.984 0.977 0.960 0.769 0.443
AA 0.973 0.981 0.979 0.973 0.954 0.758 0.424
A 0.963 0.981 0.981 0.979 0.971 0.806 0.499
BBB 0.828 0.854 0.851 0.858 0.907 0.884 0.673
BB 0.027 0.091 0.085 0.097 0.243 0.583 0.609
B -0.201 -0.136 -0.133 -0.104 0.048 0.473 0.837
(C) -0.287 -0.205 -0.204 -0.169 -0.012 0.460 0.837

Panel B: Macroeconomic and Financial Indicators

raT rpAAA ria rA raBBB raBB raB
g -0.322 -0.404 -0.398 -0.393 -0.378 -0.348 -0.043
T -0.265 -0.299 -0.300 -0.295 -0.223 -0.160 -0.241
vl — vyl -0.049 0.050 0.061 0.116 0.124 0.286 0.343
FFR -0.265 -0.369 -0.381 -0.419 -0.444 -0.582 -0.598
Aaa - FFR 0.148 0.249 0.261 0.310 0.303 0.404 0.371
Baa - FFR 0.170 0.274 0.285 0.330 0.312 0.400 0.360
Baa - Aaa 0.233 0.312 0.313 0.304 0.223 0.185 0.114

Table 7: Corporate Cochrane and Piazzesi (2005)
Corporate Cochrane and Piazzesi (2005) regressions with selected maturities from equation
(11). p(.) are the probabilities of a x?(3) test for blockwise insignificance of all Treasury
forwards or all forward credit spreads. Constants are included in the estimation but not
displayed. Absolute t-values in brackets and p-values are based on Newey and West (1987)
standard errors with 18 lags. R? in percent.

y! fr8 frs csh! £ 50 R* p(fT)  p(fs)

T -2.034 3.680 0.415 29.69 0.00
[1.242] [1.026] [0.141]

rpAA4 2743 3.948  0.700 0952 5.629 1.385  32.61 0.00 1.03
[1.681] [0.942] [0.195] [0.250] [3.268] [0.738]

rzA4 22788  4.004 1.088 -0.567 7.759 1.249  40.34 0.00 0.00
[2.316] [1.281] [0.884] [0.159] [5.088] [0.944]

rd -1.658  2.610 1.152 2.012 4.023 -0.102  39.15 0.03 0.82
[1.434] [0.933] [0.402] [0.510] [2.561] [0.083]

rxBBB 29289 2610 2470 -2.654 5.945 0.436  44.57 0.00 0.04
[2.133] [0.988] [1.181] [0.891] [3.420] [0.352]

BB 21193 0.687  3.147 -0.912 5.940 -1.177  56.03 5.86 0.00
[2.102] [0.899] [1.874] [0.585] [3.206] [1.100]

raB -3.768  2.836  2.534 -2.649 5.798 0.015 52.30 2.12 1.31
[3.076] [1.030] [1.236] [1.231] [2.530] [0.013]
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Table 8: Credit Spread-Augmented Cochrane and Piazzesi (2005)
Credit spread augmented Treasury forward regression (14). ¢s™ is Moody’s Baa-Aaa
spread. p(.) are the probabilities of the blockwise x? test for insignificance of all variables
or for the three Treasury forwards. Absolute t-values in brackets and p-values are based
on Newey and West (1987) standard errors with 18 lags. R? in percent.

yT,l fT,B fT,S C—SJW R2 p(all) p(fT)

T -0.567 1.940 1.958 10.810 38.18 0.00 0.00
[0.466]  [0.730]  [0.857]  [2.341]

rpAad -0.253 1.253 2.367 13.504 36.89 0.00 0.00
[0.179]  [0.403]  [0.905]  [2.788]

rpda -0.338 1.242 2.399 13.000 36.23 0.00 0.00
[0.235]  [0.393]  [0.902]  [2.718]

A -0.380 1.047 2.627 13.623 40.93 0.00 0.00
[0.283]  [0.361]  [1.087]  [5.172]

rxBBB -0.002 -0.241 3.599 15.378 45.64 0.00 0.00
[0.002]  [0.100]  [1.759]  [3.441]

rBP 0.654 -3.519 5.581 18.014 48.43 0.00 0.01
[0.862]  [1.651]  [2.848] = [4.562]

B -0.905 -2.449 4.555 16.905 46.18 0.00 0.50

[0.800]  [0.926]  [2.060]  [2.998]

Table 9: Unrestricted Forward Model
Unrestricted regressions from equation (15). p(.) are the probabilities of blockwise y?(3)
test for insignificance of all average forwards f or all forward credit spreads fs’!. Absolute
t-values in brackets and p-values are based on Newey and West (1987) standard errors
with 18 lags. R? in percent.
j! 7 e’ TS BT R () p(fsTT)
rat -3.398  7.727 -0.336 -1.893  3.742 -0.540  50.75 0.00  35.67
[4.486] [4.946] [0.369] [1.838] [1.696] [0.555]
rpAt4 3234 7764 -0.547  -1.629 4259 -0.448 51.99  0.00 23.88
[8.484] [4.608] [0.585] [1.197] [1.935] [0.465]
rzd4 23333 7.802 -0.522 -1.610 4.181 -0.415 51.88  0.00 25.01
[3.649] [4.723] [0.558] [1.174] [1.909] [0.417]
raf -3.335 7408 -0.249 -1.331 3.961 -0.452 55.74 0.00 15.20
[3.860] [4.600] [0.281] [1.031] [1.994] [0.494]
raBBB _3.041 6321 0.304 -1.206 4.489 -1.134  53.89 0.00 3.14
[3.878] [3.939] [0.320] [0.838] [2.168] [1.405]
raBB -2.362 4.116  0.950 -0.681 5.952 -1.254  58.51 0.16 0.00
[3.257] [2.288] [0.659] [0.370] [2.835] [1.216]
raB -3.964 3.946 0.953 -1.150  5.157  0.308  47.48 5.28 0.51
[2.675] [1.318] [0.383] [0.458] [1.982] [0.165]
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Table 10: Restricted Forward Model

Excess return regressions on Z; of equation (18). Absolute t-values based on Newey and
West (1987) standard errors with 18 lags in brackets. R? in percent.

const zZ7 VA R?

rzl 2.044 -0.106 0.110 50.64
[2.851] [6.574] [5.864]

rpAad 2.475 -0.115 0.077 51.52
[8.235] [6.989] [2.692]

rpAaa 2.479 -0.116 0.073 51.51
[3.232] [7.102] [2.616]

A 2.746 -0.118 0.058 55.39
[4.011] [8.194] [2.303]

rxBBB 2.647 -0.116 0.029 53.49
[4.815] [9.580] [1.017]

raBB 4.011 -0.125 -0.110 56.65
[5.935] [7.226] [2.123]

B 1.493 -0.116 -0.251 47.13
[1.108] [5.496] [2.758]

Table 11: Factor Correlation
Correlation of the risk premium factors Z7, Z¢, Z¥ and ZM to other factors and to financial
and economic indicators.

77 Zc 7 ZJ\I
A -0.401 -0.898
M -0.255 -0.787 0.825
g 0.286 0.569 -0.646 -0.118
T 0.094 0.192 -0.245 -0.195
Yoy — M -0.677 -0.219 0.528 0.430
FFR 0.307 0.788 -0.865 -0.741
Aaa — FFR -0.686 -0.468 0.754 0.636
Baa — FFR -0.675 -0.529 0.800 0.661
csM = Baa — Aaa -0.229 -0.683 0.708 0.489

Table 12: Forward Factors and Yield Principal Components
Regressions of three yield principal components on the financial factors Z7 and Z¢ from
equation (20). R? in percent. Absolute t-values in brackets are based on Newey and West
(1987) standard errors with 18 lags.

const level credit slope R?

A 4.889 1.462 -7.855 -10.930 78.85
[1.795] [4.121] [13.697] [4.900]

zZ° 0.098 -1.349 -1.971 0.059 97.11
[0.360] [64.521] [22.615] [0.282]
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Table 13: Hidden Factors
Excess return regressions of three yield principal components of equation (19) and yield
principal components combined with Z7 in (21a) or Z¢ in (21b). R? in percent. p(pcy)
is the p-value of a x2(3)-test for joint insignificance of level, credit and slope in percent.
Absolute t-values and p-values in brackets are based on Newey and West (1987) standard
errors with 18 lags.

const Z7 zZ° level credit  slope R?  p(pcy)

ral (19) 1.673 -0.290  0.545 1.107 3731  0.00
[1.877] [4.886] [2.634] [2.120]

(21a)  2.101 -0.117 -0.129 -0.318 -0.086 50.63  0.09
[3.276]  [3.401] [2.405] [1.191] [0.130]

(21b)  1.631 0424 0.283 1.381  1.082 40.70  0.00
[1.919] [2.142] [1.041] [3.124] [2.072]

x4 (19) 2.064 -0.273  0.743  0.957  38.62 0.00
[2.224] [4.299] [3.395] [1.742]

(21a) 2503 -0.121 -0.108 -0.143 -0.270  51.96  2.99
[3.725]  [3.584] [1.923] [0.536] [0.416]

(21b)  2.022 0.428  0.305 1.587 0.932 4189  0.00
[2.278] [2.060] [1.065] [3.505] [1.700]

et (19) 2.063 -0.267  0.751  1.007  38.73  0.00
[2.213] [4.222] [3.471] [1.812]

(21a) 2498 -0.119 -0.104 -0.127 -0.208 51.77  4.29
[3.676] [3.601] [1.898] [0.490] [0.317]

(21b)  2.020 0433  0.317 1.604 0.982 42.06  0.00
[2.264] [2.074] [1.104] [3.524] [1.769]

rat (19) 2.312 -0.251  0.803 1.099 43.17  0.00
[2.695] [4.212] [4.121] [2.161]

(21a)  2.722 -0.113 -0.097 -0.026 -0.047  55.59  7.40
[4.375]  [3.704] [1.975] [0.109] [0.078]

(21b)  2.271 0.421 0.316 1.631 1.075 46.54  0.00
[2.765] [2.070] [1.148] [3.716] [2.111]

raBPE(19) 2.214 -0.205 0.816 1236 41.75  0.00
[2.741] [3.071] [5.011] [2.497]

(21a)  2.612 -0.109 -0.055 0.013  0.125 53.64  60.97
[4.718]  [3.485] [1.203] [0.048] [0.202]

(21b)  2.182 0.322  0.229 1.449 1.217 43.75  0.00
[2.761] [1.665] [0.860] [3.569] [2.449]

raBP(19) 3.517 -0.048  1.198  1.263  49.02 0.00
[4.179] [0.540] [5.467] [2.582]

(21a)  3.866 -0.096 0.083 0.494 0288 56.49 25.03
[6.022] [2.433] [1.718] [1.247] [0.480]

(21b)  3.514 0.024 -0.017 1.245 1.262 49.02  0.00
[4.168] [0.126]  [0.065] [2.584] [2.562]

raB (19) 1.015 0.185 1.316 1.645 44.95  0.01
[0.768] [1.498] [3.680] [2.661]

(21a)  1.302 -0.079 0293 0.736  0.843 48.00  1.65
[1.011] [1.657] [8.111] [1.313] [0.995]

(21b)  1.007 0.082 0.296 1.477 1.641 4501  0.00
[0.764] [0.341] [0.948] [2.210] [2.659]
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Table 14: Restricted Financial Model
Excess return regression (23) on hidden Z7 and restricted yield principal components ZY.
R? in percent. Absolute t-values in brackets are based on Newey and West (1987) standard
errors with 18 lags.

const zZ7 ZY R?

rzl 2.044 -0.123 -0.109 50.45
[2.936] [8.490] [8.745]

rpAad 2.475 -0.128 -0.078 51.62
[3.297] [8.925] [2.581]

rpAaa 2.479 -0.128 -0.073 51.51
[3.295] [8.925] [2.493]

A 2.746 -0.127 -0.056 55.22
[4.084] [9.956] [2.111]

rpBBB 2.647 -0.121 -0.027 53.43
[4.365] [9.779] [0.854]

ruBB 4.011 -0.108 0.106 56.10
[5.749] [5.272] [1.763]

B 1.493 -0.076 0.255 47.73
[1.120] [2.810] [2.638]

Table 15: Macro Augmented Financial Model

Excess return regressions on Z7, ZY and macro variables of equa-

tion  (24). R%* in  percent. Absolute  t-values in  brackets are

based on Newey and West (1987) standard errors with 18 lags.
const zZ7 zZY g m R?

rz’ 2.218 -0.124 -0.104 0.047 -0.126 50.51
[0.793] [9.350] [3.581] [0.182] [0.140]

rpAaa 2.535 -0.127 -0.081 -0.021 0.003 51.62
[0.845] [10.025] [2.378] [0.083] [0.003]

rpAa 2.440 -0.127 -0.078 -0.048 0.075 51.56
[0.814] [10.179] [2.270] [0.185] [0.076]

rad 2.373 -0.126 -0.059 -0.041 0.197 55.32
[0.878] [11.259] [1.829] [0.177] [0.227]

raBBB 0.962 -0.124 0.007 0.250 0.347 54.45
[0.383] [10.277] [0.249] [1.571] [0.413]

raBB -1.959 -0.118 0.221 0.823 1.309 65.46
[1.028] [8.858] [4.474] [5.585] [1.778]

raB -3.919 -0.093 0.415 1.263 0.545 59.34
[1.423] [3.952] [5.574] [6.662] [0.518]
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Table 16: Unrestricted Macro Model

Excess return regressions on Z7, yield principal components and macro

variables of equation (25). Absolute t-values in brackets are based on

Newey and West (1987) standard errors with 18 lags. R?* in percent.
const zZ" level  credit slope g s R?

razT 2394 -0.118 -0.128  -0.311 -0.087 0.024  -0.145 50.68

[0.864]  [3.386]  [2.035] [1.337] [0.130]  [0.099]  [0.160]
rpAaa 2494  -0.121  -0.107 -0.142  -0.270 0.003  -0.001 51.96
[0.810]  [8.527] [1.616]  [0.609]  [0.415] [0.014] [0.001]

rAa 2433 -0.119  -0.107 -0.138  -0.207  -0.032  0.066  51.79
[0.793]  [3.521] [1.664] [0.603] [0.316] [0.130]  [0.067]
rat 2391  -0.112  -0.099 -0.037 -0.046 -0.036  0.174  55.66

[0.858]  [3.622] [1.748] [0.168] [0.076] [0.159]  [0.198]
rzBBB 0962 -0.114 -0.015  0.116  0.125  0.248  0.329  54.59
[0.872]  [3.619] [0.309] [0.518] [0.201] [1.528]  [0.386]

BB 2394 -0114 0228  0.863 0291  0.884 1322  66.64
[1.186]  [3.418]  [4.955] [3.279] [0.467] [1.503] [1.771]
raB 4341 -0.105 0483 1249  0.840 1286 0573  59.47

[1.623]  [2.409]  [4.960] [3.324] [0.955]  [6.726]  [0.560]

Table 17: Restricted Macro Model

Excess return regressions on Term risk factor Z' and macro-credit risk fac-

tor ZM of equation (28). Absolute t-values in brackets are based on

Newey and West (1987) standard errors with 18 lags. R? in percent.
const z7 zM R?

T 2.044 -0.111 -0.075 47.79
[3.037] [6.697] [4.997]

raAAa 2.475 -0.119 -0.056 50.48
[8.434] [7.569] [3.063]

rada 2.479 -0.120 -0.055 50.71
[8.422] [7.708] [3.049]

rd 2.746 -0.121 -0.042 54.76
[4.220] /8.828] [2.513]

raBBB 2.647 -0.117 -0.002 52.93
[4.526] [9.371] [0.121]

raBB 4.011 -0.116 0.136 64.01
[6.584] [7.978] [4.430]

raB 1.493 -0.099 0.268 59.27
[1.261] [5.656] [5.843]
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Table 18: Measurement Error: Lagged Regressors
Excess return regressions with 1 to 3 lags R? in percent.

A: Unrestr. forward R? B: Corporate CP R?

lag=3 lag=2 lag=1 lag=3 lag=2 lag=1
ral 51.46 51.36 50.83 29.56 29.57 29.49
rpAad 52.49 52.43 52.04 32.70 32.63 32.45
rpda 52.42 52.34 51.94 40.77 40.55 40.29
rrd 56.49 56.40 55.86 39.36 39.22 39.04
raxBBB 55.53 55.24 54.22 46.06 45.72 44.91
raBB 60.71 60.18 58.89 57.69 57.25 56.42
raB 49.00 48.73 47.99 54.96 54.33 53.02

48



67

Table 19: Bank of America Dataset
Excess return regressions of Bank of America’s Master indices. Restricted factors Z? are derived from the Migration dataset and not
adapted to the BofA dataset. Constants are included in the estimation but not displayed. Sample size is June 1992 to December 2006
except for BB, B and (C) for which the sample starts in December 1996. Absolute t-values in brackets are based on Newey and West
(1987) standard errors with 18 lags. R? in percent. The three most right columns contain the R? of the Unrestricted Forward Model
“Unrestr.”, the Moody’s ¢s™ spread augmented Treasury model and the corporate Cochrane Piazzesi model “CP”. In the column headers,
“Tab .” refers to the Table of the Migration dataset, “(.)” to the test equation.

Panel A: Financial Model Panel B: Macro Model Unrestr. Moody’s CP
Tab 14, eq (23) Tab 17, eq (28) Tab 9, (15) Tab 8, (14) Tab 7, (11)
77 7Y RQ 77 Z]M R2 R2 R2 R2

1G -0.111 -0.028 50.42 -0.105 0.016 50.06 52.34 43.59
[8.464] [0.682] [7.661] [0.607]

J -0.038 0.210 21.59 -0.051 0.303 46.05 27.13 32.74
[0.824] [1.612] [1.598] [8.981]

T -0.098 -0.081 49.28 -0.089 -0.056 46.96 50.13 37.51 29.89
[8.787] [3.858] [7.106] [4.689]

AAA -0.114 -0.061 52.22 -0.106 -0.034 50.58 52.23 39.55 32.91
[8.296] [2.032] [7.455] [1.983]

AA -0.118 -0.079 53.41 -0.109 -0.047 50.95 53.68 39.23 40.04
[9.425] [2.719] [7.851] [2.462]

A -0.114 -0.041 53.78 -0.109 -0.017 52.78 54.14 40.82 35.19
[9.808] [1.411] [8.805] [0.950]

BBB -0.105 -0.002 43.76 -0.100 0.064 47.79 49.41 46.73 32.89
[6.092] [0.028] [5.915] [1.723]

BB 0.018 0.197 22.01 -0.005 0.256 57.73 48.77 39.32 52.14
[0.417] [1.972] [0.195] [6.255]

B 0.064 0.452 49.99 -0.010 0.395 64.24 57.39 55.56 55.74
[1.644] [4.036] [0.332] [8.567]

(©) 0.142 0.895 50.60 -0.002 0.798 67.81 57.13 55.39

[1.904]  [4.035] [0.041]  [8.494]




Table 20: Impact Channels of Market Price of Risk
Estimates of the market price of risk parameters from equations (37), (43) and (44). One
year holding period. Absolute t-values are based on ordinary least squares standard errors.
The left block refers to the financial model with Z7 and ZY, the left block to the macro-
financial model with Z7 and ZM

Panel A: One-Year Migration rz;}

o o Py o ¥ X2

7" 1.929 0.054 0.104 7.350 0.015 ~0.004
[0.701] [2.041] [1.663] [2.100] [0.703] [0.097]

level -2.856 -0.085 -0.036 -6.543 -0.086 0.002
[2.425] [7.398] [1.441] [3.603] [9.146] [0.099]

credit -1.940 -0.026 -0.156 -9.269 0.028 -0.104
[0.772] [1.118] [2.576] [2.875] [1.439] [2.654]

slope -1.242 -0.052 0.005 -10.725 0.016 0.055
[0.450] [2.096] [0.081] [3.268] [0.816] [1.801]

g 1.369 0.025 -0.023
[0.751] [3.602] [1.906]

71' -1.495 0.032 0.013

[1.119]  [5.383)  [1.190]
Panel B: One-Year BofA Maturity Subindices ra/}

Xo A X2 o A1 X2

zr 6.234 0.022 0.259 1507 0.004 0.166
[2.942] [1.106] [3.808] [1.871] [0.215] [4.328]

level -4.986 -0.051 -0.096 -3.681 -0.074 -0.119
[5.364] [6.232] [3.508] [2.752] [7.766] [5.817]

credit -9.369 0.030 -0.237 -8.299 0.021 -0.148
[5.478] [1.920] [4.234] [4-457] [1.436] [5.120]

slope -9.325 0.016 -0.150 -8.776 0.012 -0.028
[5.136] [0.953] [2.584] [4.465] [0.774] [0.934]

g -0.245 0.019 0.075
[0.243] [3.237] [7.163]

™ -1.430 0.015 0.062

[1.850] [2.415] [3.929]
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Figure 1: Yield Curve and 1-Year Excess Return Data
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Figure 2: Yield Principal Component

Maturity in years on the x axis.
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Figure 3: Recovery and rating drift.
Recovery is based on the trading price 30 day after default of senior unsecured
bonds. Rating drift is the probability of an upgrade minus the probability of a down-
grade. Displayed is an annualized drift constructed from the quarterly data in Moody’s
(2012): d*"m = Hézl(l + d®@). The correlation between Recovery and drift is 0.62.
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Figure 4: Principal Component Loadings of Excess Returns
The first row contains the loadings of realized one-year excess returns on the first and
second principal component. Bond’s initial maturity in years on the x axis.
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Figure 5: Unrestricted Model: Average Forward f Coefficients
Forward maturity in years on the x axis. Legend refers to initial bond maturity 7,, of the
migration dataset.

95



Figure 6: Unrestricted Model: Junk-Investment Grade forward

spreads fs’! Coefficients
Forward spread maturity in years on the x axis. Legend refers to initial bond maturity
T, of the migration dataset.
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