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A No-Arbitrage Analysis of the Economic Determinants
of the Credit Spread Term Structure

ABSTRACT

We summarize the state of the economy using three defadtiiterest-rate factors, two macroeco-
nomic factors, and two financial factors. We then build a fateage model that links the dynam-
ics and market prices of these factors to the term structuceedit spreads for corporate bonds at
different credit rating groups. Estimation shows that irggreads decline with increasing interest-
rate levels and flattening term structure slopes, but iseredth rising financial leverage and, to
a lesser extent, with rising stock market volatility. Updahocks on inflation strongly narrow
the credit spread at short maturities, but their impactoog-term spreads are close to zero, thus

generating a strong slope effect on the credit spread tetrotste.

JEL ClassificationE43; G12; G13.

Keywords: Credit spreads; term structure; interest rates; macroeconomic fafit@nscial leverage;

volatility; dynamic factor model; Kalman filter.



A No-Arbitrage Analysis of the Economic Determinants
of the Credit Spread Term Structure

Numerous empirical studies, mostly based on regression analysis, shatlvetlfeequency of credit
events and the expected loss from such events depend crucially ontthefstee macroeconomy, the
current interest-rate levels and the term structure, and the state of theldilmaarket. The objective of
this paper is to quantify, in an internally consistent manner, the link betweatyttzanics and market
prices of the macroeconomic factors and the credit spreads on crfarads at different maturities

and across different credit ratings.

The task at hand is challenging. On the one hand, many macroeconomicrsuimberest rate
series, and financial market variables are available. Each seriesnsostane information, and also
possibly a tremendous amount of noise, about the state of the econonigefficient to focus merely
on one or a few of these variables while discarding many others. Meanitlideinrealistic to incor-
porate all of them as state variables into a formal model of credit spr@desefore, how to identify
the systematic movements from the many noise series poses the first chaberpe. other hand, the
pricing of credit risk that is embedded in the prices of many corporatesisngkely to be different
for bonds at different maturities and credit ratings. Picking any one maturd/or credit rating group
will not reveal the complete picture on how credit risk is priced acrossmdifft rating groups and at
different investment horizons. Hence, how to consistently summarize @ttty the impacts of the
many variables on the whole term structure of credit spreads acrosiedificredit rating groups poses

another challenge.

In this paper, we handle both challenges by building a dynamic factor méaeédit spreads.
First, we extract a small number of dynamic factors from a wide array ofeeaonomic and financial
series. Thus, through a dynamic factor structure, we succinctly sumntleizeformation content in
many series into a small number of systematic factors. Second, we progxibéefspecifications on
how these dynamic economic and financial factors are priced and howstaeat#@neous credit spreads
respond to these factors. Given these specifications, we use n@agebéirguments as in Duffie and

Singleton (1999) and Duffie, Pedersen, and Singleton (2003) toed#draswhole term structures of



credit spreads as functions of these dynamic factors. Therefooeiginra small number of dynamic
factors, we are able to make an internally consistent analysis of the impaitts large number of
macroeconomic and financial variables on the credit spreads acrostdiee spectrum of maturities

and credit rating groups.

Our estimation involves two sequential steps. During the first step, we egtrae default-free
interest-rate factors, two macroeconomic factors, and two financialréafrtam 30 observed series
using maximum likelihood method joint with Kalman filter. Specifically, we extractehheee risk-
free interest-rate factors from 12 Treasury yields with maturities fromethvenths to ten years. We
also use these three interest-rate factors as our base to construadhespreads. In addition, we
extract one inflation factor from year-over-year percentagesggsann seven inflation indexes: the
consumer price index (CPI), the core CPI, the producer price indeR,(Bhe core PPI, the personal
consumption expenditure (PCE) deflator, the core PCE deflator, anddks domestic production
(GDP) deflator. We extract one real output growth factor from faemrto-year growth rate series
on the real GDP, industrial production, non-farm payrolls, and theR€&. We extract a financial
leverage factor from five financial leverage measures: the markeg delot/net worth ratio, the book
value debt/net worth ratio, the debt/equity ratio, the financing gap/GDP raiibradio of change in
total debt over GDP. Finally, we extract a financial market volatility faatomftwo volatility indexes:
the VXO index computed from options on on S&P 100 index, and the VIX volatilitexncomputed
from options on S&P 500 index. For stability, we identify the three interestfaaters, and each of the
four macroeconomic and financial factors separately. Furthermoréréne default-free interest-rate
factors are cast into a dynamic term structure model so that the factor ¢saafinoss the whole term

structure of Treasury yields are internally consistent and excludeagbitipportunities.

During the second step, we cast the seven factors in a no-arbitragewoak to derive the whole
term structure of credit spreads at different credit rating groups famction of these factors. The
factor loadings on the credit spreads depend on the factor dynamitsmimet prices, and the in-
stantaneous credit spread as a function of these factors at eadhratied group. We estimate the

model parameters with maximum likelihood method and Kalman filter using corparateyield data



with maturities from one to ten years at each of the four credit rating gro\A, AA, A, and BBB.
Based on the estimated model parameters, we derive the impacts of theasdwendn the whole term

structure of credit spreads at each of the four credit rating groups.

Estimation shows that credit spreads decline with increasing interest-rate & flattening term
structure slopes, but increase with rising financial leverage and, tserlestent, with rising stock
market volatility. Upward shocks on inflation strongly narrow the credieagrat short maturities,
but their impacts on long-term spreads are close to zero, thus generatirung slope effect on the
credit spread term structure. On the other hand, the impacts of reak gugpeth and the interest-rate

curvature factors are fairly small.

Our work in this paper synergizes two strands of extant literature. T$testrand uses regressions
to analyze the determinants of changes in credit spreads. A partial lisidiés along this line of
research includes, Bevan and Garzarelli (2000), Frye (2000gyG4998), Pedrosa and Roll (1998),
Collin-Dufresne, Goldstein, and Martin (2001), Elton, Gruber, Agilaard Mann (2001), and Altman,
Brady, Resti, and Sironi (2004). Though rich in economic intuition, thaltesf these studies often
depend on the specific choices of the explanatory variables, as we# akdites of the maturity and
credit rating of the credit spreads used as the dependent variablen Gie correlations among the
many commonly used explanatory variables, the regression coefficiimbates often change when
one leads another variable in or out of the regression. Furthermoregéfficients also change when
the credit spread dependent variable switches maturities or credit ratingsy One needs a dramatic

leap of faith to extend the regression results from one maturity to other maturities

The second strand of literature uses a small number of dynamic factormtoasize the varia-
tion on the term structure of interest rates and credit spreads via ncagebd@rguments. Prominent
examples include Jones, Mason, and Rosenfeld (1984), Longsthfsamwvartz (1995), Duffie and
Singleton (1997), Duffee (1999), Nickell, Perraudin, and Varott@@0Liu, Longstaff, and Mandell
(2000), Delianedis and Geske (2001), Bangia, Diebold, Kronimusadg&gh and Schuermann (2002),
Collin-Dufresne, Goldstein, and Helwege (2003), Huang and HU20@), Bakshi, Madan, and Zhang
(2004), Longstaff, Mithal, and Neis (2004), Eom, Helwege, and [gy@003), and Longstaff, Mithal,



and Neis (2004). Different from the regression analysis, these stadiederive the impacts of the dy-
namic factors on the whole term structure of interest rates and cred#dspire a internally consistent
manner. However, most of these studies rely on latent factors, directeddrom the yield curve and
credit spread term structure. The economic meanings of these latenmsfamanot clear. In the few
studies that try to incorporate economic variables, often only a small nurhloéiservable variables
are included for tractability reasons, and other valuable economic variatdeconspicuously left out.
In this paper, we exploit the advantages of both strands of studies. @mé¢hleand, we use a few dy-
namic factors to summarize the information and suppress the noises in manyesh®@&croeconomic
and financial time series. On the other hand, we use the no-arbitragevoakite provide an internally
consistent analysis on the impacts of these macroeconomic and finanigalaapss the whole term

structure of credit spreads.

The rest of the paper is organized as follows. Section | describesaledure for extracting the
dynamic macroeconomic and financial factors. Section Il presents ebittage model that links the
macroeconomic and financial factors to the whole term structure of cprdads. Section Il examines
the relationship between credit spreads across different maturitiesféarért rating groups and the

extracted economic and financial factors. Section IV concludes.

|. Extracting Dynamic Economic and Financial Factors

We use a dynamic factor model to succinctly summarize the information in mangveldseacroe-
conomic and financial series. In a latter section, we study how these dyfettocs affect the term

structure of credit spreads at different credit rating groups.

A. Estimating Dynamic Factor Models with Maximum Likelih@dl Kalman Filter

Earlier regression analysis show that, besides interest rates, varibalaglate to the business
cycle also impact credit spread. Furthermore, the classical Mertorl E&uctural model suggests

that credit spread shall also be functions of financial leverage aset mslatility. Based on these



observations, we consider seven dynamic factors that include (i) twoos@mmomic factors, one of
which is associated with inflation and the other with real output growth, (ii) taanicial factors, one of
which is associated with aggregate financial leverage, and the other withaheial market volatility,

and (iii) three risk-free interest-rate factors that explain the term steicfufreasury yields.

Formally, we describe the economy by fixing a filtered probability sgdeer ,P, (#t)o<t<s }»
with some fixed long horizom . We useX € R" to denote am-dimensional vector Markov process
that represents the systematic state of the economy. In this paper, we oheds We further assume
that the state vectof follows simple VAR(1) dynamics. Under continuous-time notatiripllows a

multi-variate Ornstein-Uhlenbeck process under the statistical meRsure

dX = —KXdt+dW, (1)

whereW denotes an-dimensional standard Brownian motion andontrols the mean-reversion speed
of the states. For identification purpose, we normalize the long-run meae sfdtesx to zero and

also normalize the instantaneous covariance matrix to be an identity matrix.

Next, lety ¢ RN denote a set of macroeconomic and financial time series. The dimedsian
be very large, and much larger than the dimension of the state of the ecoNamy). In this paper,
we chooséN = 30, which includes seven inflation-related series, four output-relatexsséve aggre-
gate financial-leverage measures, two financial market volatility gaugdslZaTreasury yields with
maturities from three months to ten years. We summarize the systematic movemeantgingdhese

economic numbers using the following linear factor structure,

Yt =HX +&, (2

whereH is an(N x n) matrix of factor loading coefficients argldenotes aiiN x 1) vector of idiosyn-
cratic risks, or measurement noises, of the data series. We UseE[g €] to denote the covariance
matrix of the measurement errors. We assume that the measurementerindependent of the state

vector.



If we know the parameters that govern the factor dynamigstbie factor loadingsH), and the
measurement error variance Y), we can infer the systematic states of the economy from the observed

data series, with the technigue of Kalman filtering.

We rewrite the state dynamics in its discrete-time analog,

X = DX 14/ Qs 3)

where® = exp(—kKAt), Q = IAt, & denotes arin x 1) iid standard normal random vectadtt, denotes
the discrete time interval, arlddenotes an identity matrix of the relevant dimension. With monthly

time interval, we sefit =1/12.

For Kalman filtering, we regard equation (3) as our state-propagaticatiegand equation (2) as
our measurement equation. D&t Vi, ;, A denote the timet — 1) ex ante forecasts of timevalues of
the systematic factors, the covariance matrix of the systematic factors, therereast series, and the
covariance matrix of the measurement series. X.&ndV; denote the ex post update, or filtering, on
the systematic factors and their covariance at tirnased on observationg) at timet. The Kalman

filter provides the efficient updates on these quantities. Specifically, weetha ex ante predictions as

Xi = OX 1; (4)
Vi = V10" +Q; )]
% = HXy (6)
A = HVH' +&Y. (7)
The ex post filtering updates are,
Xii1 = Xern+ Kot (V1= Viga)s (8)
Vit = Vg —KegaAcaKd g, 9)

whereKi 1 =V HT (RH)_l is the Kalman gain.



Thus, we can obtain a time series of the ex ante forecasts and ex possupd®oth the mean and
covariance of the systematic factors and the macroeconomic series, viadligatprocedure defined
by equations (4) to (9). To estimate model parame®ess [, H, % Y] that govern the factor dynamics
and factor loading, we define the monthly log likelihood function by assumingtiieaforecasting

errors on the observed time series are normally distributed,

1 — 1 — _
li11(@) = —3 log ‘At+1‘ 5 ((yt+1 —VtJA)T (At+1) l(yt+1—7t+l)) . (20)

The parameters are estimated by maximizing the sum of the monthly log likelihoogyalue

T-1
O =argmax) l;+1(0), (12)
SR

whereT denotes the number of observations for each series.

In principle, factors can rotate and the loadings can change accordaiitblyut impacting the final
result. Such rotations make it difficult to interpret the meanings of the dynamoiors. To improve
identification and enhance the economic meaning of the factors, we pataintsson the factor loading
matrix. Specifically, we constrain the first factor to have nonzero loadinson the seven inflation
variables, the second factor to have nonzero loadings only on the ditpuitosariables, the third factor
to have nonzero loadings only on the five financial leverage varialridsha fourth factor to have non-
zero loadings only on the two financial market volatility indexes. With thesstraints, we extract the

four dynamic factors separately, one at a time.

Finally, to extract the three default-free interest-rate factors fromstinyayields, we apply no-
arbitrage constraints on the factor loading matrix via a dynamic term structudelmbe assume that

the instantaneous default-free interest rate is affine in the three intate$actors,

r(Xt) = ar + b X, (12)



whereX; is a subset oX; and refers the three interest-rate factors. Furthermore, to deriveghsury
yields as purely a function of these three interest-rate factors, we ashenfigllowing dependence

structure for the seven factors,

Kre O
K= (13)
Kor Ko

wherek, € R332 controls the mean-reversion property of the three interest-rate fagtprs, R**3
controls the feedback of the interest-rate factors on other four fadods,, € R**3 controls the
feedback of the four other factors on themselves. Since the dynamics tifrthe interest-rate factors
do not depend on the other factors, we can derive the Treasury weldumnction of the interest-rate

factors only. For identification, we further constranto be a lower triangular matrix.

Finally, to close the model, we assume that the factors have affine marlebprisk,

V(%) = Yo+ Y1 X%, (14)

whereyo = [yro,Yoo] | is @an 1 x 1) vector andy is an 1 x n) matrix, which has the following structure,

Y O
i=| " (15)
0 Yo
with yy1 further constrained to be a lower-triangular matrix ggdbeing a diagonal matrix. Under

this market price of risk specification, the factor dynamics remain OrnsteieAbeck under the risk-

neutral measur@,

dx = K (e@—x[) dt+dwg, (16)

with K€ = k +y; andk 282 = —y,. Given the structural assumption on (15, the factor dependence has

an analogous form to (13) under the risk-neutral mea8umith k2 being lower triangular.

The fair value of the default-free zero-coupon bonds can be written as

B(Xt,1) = E© [exp(—/tmr(xrs)ds)

ft] , 17)



whereEQ .| 7;] denotes the expectation operator under the risk-neutral measuretjamaicon the
time+ filtration. The specification of th@-dynamics for the factorX; in (16) and the instantaneous
default-free interest-rate function in (12) satisfy the affine condition offi® and Kan (1996) and
Duffie, Pan, and Singleton (2000). The fair values of default-free-zeupon bonds can be solved as

exponential-affine functions of the state vector,
B(X:, ) = exp(—a(1) = b(1) Xa) (18)
where the coefficient®(t), b(1)] are solutions to the following ordinary differential equations:

d(t) = a—b(1) vo—b(t)"b(1)/2,

b'(t) = br— (K +yra) b(T), (19)
subject to the boundary conditiob§0) = 0 andc(0) = 0. In equation (19), we use the subscrigb
denote the sub-matrix or vector that corresponds to the three interefatates.

Like the instantaneous interest rate, the continuously compounded sgotra also affine func-

tions of the interest-rate factors,

ROX.T) = CINB(X,T) _ [a('[)] N [b(T)}TXn' (20)

T T

In extracting the three interest-rate factors, we replace the measurequative (2) with equation (20).
Hence, instead of estimating the loadidgdirectly, we estimate the parameters related to interest-rate
factor dynamicsk; ), the market prices of risk/(o, Vr1), and instantaneous interest-rate functianlg;).

For identification, we assume a lower-triangular matrixar

B. Data Description

Our estimation is based on a monthly sample from January 1988 to June 280¢hohthly ob-

servations for each series. Monthly or quarterly data series on outflatidn and financial leverage



are from the Federal Reserve Board. First, we extract an inflatiaarfrom seven inflation-related
variables: the consumer price index (CPI), the core CPI, the progwioerindex (PPI), the core PPI,
the personal consumption expenditure (PCE) deflator, the core PGHodefind the gross domestic
production (GDP) deflator. The GDP deflator is available at quarterdyfrcy. All other variables are
available in monthly frequency. We convert the price indexes into year-gsar percentage changes.
We then standardize each series by subtracting the sample mean and divédgsgies by its sample
standard deviation. We extract the inflation factor at monthly frequerncy these seven standardized
series. Since the GDP deflator is available at quarterly frequency, weefiglaps with missing values.
Our estimation approach can readily handle missing data. The ex postsipdatpiations (8) and (9)

are based on the available subsey;of

Second, we extract a real growth factor from four output/employmentaeaonomic series. They
are the real GDP, industrial production, non-farm payrolls, and #leR€E. The real GDP is available
in quarterly frequency. The other three series are available in monthljydrey, but the data on real
PCE start at a later date in January 1991. Again, we first turn the faesseto year-over-year growth

rates and then standardize them before we extract the real growth facto

Third, we extract a financial leverage factor from the following five riitial leverage measures:
the market value debt/net worth ratio, the book value debt/net worth ratialeibiéequity ratio, the
financing gap/GDP ratio, and ratio of change in total debt over GDP.€lti@s are available in quar-
terly frequency. We extract the financial leverage factor in monthlyuieegy from these five quarterly
series. In months when we have no observations, we do not updatethiesad just use its predicted

values.

Fourth, we extract a financial market volatility factor from two volatility indexthe VXO index
computed from options on S&P 100 index, and the VIX volatility index computed fsptions on S&P
500 index. Both series are available from Bloomberg in daily frequentythie VIX series starts at a
later date in January 1990. We first compute the yearly moving average déily volatility series and

then sample the moving average number at the end of each and extradatiigyfactor in monthly

10



frequency. Given the documented level dependence on the volatilityatilitg, we first take logs on

two series and then standardize them before we extract the volatility factor.

Finally, we also extract three interest-rate factors from 12 Treasulysyseries with maturities of
three months, six months, and every year from one to ten years. ThauTyadelds data are monthly

continuously compounded spot rates, obtained from the FederaMed&eard.

C. Default-free Interest-Rate Factors and Factor Dynamics

Table | reports the estimates on the default-free interest-rate factor dymahea market prices,
and their links to the instantaneous default-free interest ratek Thmatrix measures the persistence of
the three interest-rate factors and their interactions under the statisticalnmi@a3he small diagonal
elements of the matrix show the extreme persistence of the interest rate wattiethe first factor
being the most persistent one and the last factor being the least persigiergignificantly negative
estimates on the two off-diagonal elements in the last row @fidicate that the third factor feeds back

strongly and negatively on the first two factors.

The matrixy;1 measures the coefficient on the proportional component of the maiketqgdrrisk,

with K@ = Kr + Yr1 determining the persistence under the risk-neutral mea3ur&he estimate for

the first diagonal element is negative, albeit insignificant, but the estin@atésef other two diagonal
elements are increasing positive. Combining these estimatgg feith thek, estimates, we observe
that under the risk-neutral measupehe first factor becomes even more persistent while the other two
factors become even less persistent, resulting in an increase in pesidiéaience among the three
factors. Furthermore, the two off-diagonal elements in the last roy;adre both strongly negative,
reinforcing the negative estimatesinto generate even stronger feedback effects under the risk-neutral

measure.

The vectory;g reports the constant portion of the market prices of risk. The estimatesgative
for the first two factors, but positive for the last factor. NeverthelaB®stimates show large standard

error so that none of thiestatistics are significant. Finally, given that all three factors are norntalize

11



to have zero long-run meaa; measures the long run mean of the short rate. ffheector measures

the loading of the three factors on the instantaneous interest rate.

Equation (20) links the risk-neutral dynamics of the interest-rate factatdtee instantaneous in-
terest rate function to the factor loadings on the whole spot rate cafvg.t measures the mean term
structure of the spot rates. As shown in the left panel of Figure 1, thastiry yields show an upward
mean term structure. On the other hab,) /T measures the factor loading on the yield curve, i.e., the
instantaneous response of the spot rate at matutitya unit shock on the three interest-rate factors
Xr. The right panel in Figure 1 plots the loading of the three interest-rater§actothe yield curve.
According to equation (19), the factor loadib(r)/t is governed by the short rate loadibgand the
factor persistence? = Kk, + y;1 under the risk-neutral measure. Figure 1 shows that the first factor
(solid line), which is also the most persistent factor, has its largest impdohgrierm yields, whereas
the third and also the most transient factor (the dotted line) has its largest iompslcbrt-term yields.
The second interest-rate factor (the dashed line) shows an intermedisitigrece and its impact is
largest at intermediate interest-rate maturities, thus generating a humptgiesen for the loading

on the yield curve.

The three interest-rate factors explain the 12 Treasury yields almostcfgrfThey explain over
99.9 percent of variation on each series. The explained percentagtorais defined as one minus the
variance of the fitting error over the variance of the original interestsaties. Hence, we can safely

assume that the three interest-rate factors explain fully the variation in intates.

D. Macroeconomic and Financial Factors

Table Il reports the estimates of the factor loading matf) &nd the absolute magnitude of the
t-statistics (in parentheses). All loading parameter estimates are statisticaificaign Furthermore,
the economic meaning of each factor is clear, except for the financiablgwdactor, for which the
loadings are negative on market value of debt/net worth, financial\gapGDP, and total debt change

over GDP, but are positive on book value of debt/new worth, and delityegqtio.

12



The left panel in Figure 2 plots the two macroeconomic factors. The solid épitd the inflation
factor and the dashed line depicts for real output growth factor. Theioril factor had a steep hike
in the early 1991, coinciding with the spike in inflationary pressure caugeshérgy shocks during
the first Gulf War. The inflationary pressure quickly receded and dtkoye for the rest of the sample
period. The dashed line for the real output growth shows two periostsasp slowdown and one period
of prolonged healthy output growth. The first slowdown coincided witH8#1-1992 recession. From
mid 1994 to late 2000, the output growth factor remained at high values with focteations. The
factor started another very steep fall in early 2001, reflecting the stasglown of the output growth,
and reached the bottom in the second quarter of 2002. The output gnasthicked up since then.
This upswing is still continuing as of now, and the current level of this faststill way below its level

reached in 2000.

The left panel in Figure 2 plots the two financial factors, with the solid lineotieg the financial
leverage factor and the dashed line denoting the financial volatility fadterfilancial leverage factor
started high and had been declining ever since until year 2000, exareptsmall spike during the
first Gulf War. After 2000, the financial leverage picked up again a&adhed a plateau around 2003
before it started falling again. The volatility factor extracted from stockxraj#tions, as shown by the
dashed line, also started very high in later 1980s. The first Gulf Waedaspike on the stock market
volatility, but otherwise the volatility stayed low between 1992 and 1997. Thak starket volatility
increased and maintained at a high level since then and until 2003, aftdr thie volatility started to

come down together with the financial leverage.

Via simple VAR(1) regressions on the seven dynamic factors, we estimate thedifee dynamics
of the four macroeconomic and financial factors. Table Il reports Hrarpeter estimates from the
regressions. The,, matrix captures the feedback impact of the three default-free interesacates
on the four macroeconomic and financial factors. Khematrix measures the feedback of the four

factors on themselves.

13



[I. A Dynamic Factor Model of the Term Structure of Credit Spreads

In this section, we incorporate the seven dynamic factors into a no-arbityagenic term structure
model of credit spreads. By estimating the model parameters, we providgeanally consistent
analysis on the impacts of the seven factors on the whole term structuredif gpreads at different

credit rating groups.

A. A No-Arbitrage Model of Credit Spreads

We follow Duffie and Singleton (1999) and Duffie, Pedersen, and Simgl2003) and write the
fair values of defaultable zero-coupon bonds in terms of future instaatendefault-free rates and

instantaneous credit spreads,

D(X.T) = EC [exp(—/t T rxe) +s<xs>1ds)

Tt] ) (21)

wheres(X;) denotes the instantaneous default spread, which can be thought ofedsca-form
product of default probabilities and loss given default. In addition, te&airtaneous spread can also

be used to capture spreads induced by liquidity and other factors.

In equation (21), we write the instantaneous default-free interest reaef@sction of the three
default-free interest-rate factokg, but we allow the instantaneous credit spread to be a function of
all seven dynamic factors, which also includes two macroeconomic faatdrsne financial factors.

Specifically, we assume the following affine dependence for each catidigg group,
5 (%) =a+b'X,

where the subscriptdenotes théth credit rating group. For different ratings groups, we allow both a

level difference and a difference in their reactions on the dynamic factor

14



Then, the fair value of zero-coupon bonds of a certain credit grésiglso exponential affine in

the seven factors,

Di (%,1) = exp(—a (1) —by (T)Txt) ,

where the coefficients; (1), bi(1)] are solutions to the following ordinary differential equations:

g(t) = a+a—bi(1) yo—bi(1) bi(1)/2,

bi(t) = br+bi—(k+y) bi(1), (22)

subject to the boundary conditiobg0) = 0 andc;(0) = 0. The continuously compounded spot rate on

defaultable bonds of thi¢h rating group becomes

R()Q’T)E_lnoi?q,r) _ [am} N [bia)rxt‘ 23)

—~

Hence, the credit spreads defined on the continuously compoundaspetan be written as

041 =R (04,1) - RO, 1) = | A0 AO20] (22)

T T

Since the default-free bond yields only depend on the interest-ratedaaterstack(t) with zeros in
equation (24) on the other factors. Furthermore, since the three dfiititerest-rate factors explain
99.9 percent of the variation on the Treasury yield curve, the spredefiaed in (24) fully reflect the
credit and possible liquidity component in the corporate bond yield. Thasorarbitrage arguments,
we link the credit spreads across all maturities at a certain credit rating goothe seven dynamic
factors. The no-arbitrage links are determined by the factor dynamicsaHheet prices of the factors,

and by the instantaneous credit spread as a function of these factors.

B. Constructing the Corporate Bond Yield Spreads

We use month-end prices on corporate bonds that are either in the MgndhlU.S. Corporate

Master Index or the Merrill Lynch U.S. High Yield Index. These indiceskrie prices of U.S. dollar-
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denominated investment grade and high yield corporate public debt isstlesl thS. domestic bond
market. The Merrill Lynch data set covers the period from January 1@9une 2004. To construct
a long time-series of corporate bond yield sample, we augment the MerrithLgtata by the Lehman
Brothers Fixed Income database from January 1985 to December TB8@.ehman data covers the
period from January 1973 to March 1998, but there are very fewal@ble bonds were issued before

1985. We estimate our models based on data from January 1988 to Odifder 2

We enforce the following bond selection criteria. First, we consider onfigtit bonds without
option features. Callable, putable, convertible and bonds with sinking dlau$e are dropped from
our sample. Second, bonds with remaining maturities less than one yearatergitean 35 years
are eliminated. Third, only those bonds that have fixed coupon scheddlpay fixed rate semi-
annual coupons are included. Fourth, we include only senior uresttiands, where bond seniority
information are obtained from Moody’s Investors Services. FinallytierLehman data, bond prices
that are calculated using a matrix method are excluded. The resulting boptedaas 337,990 bond-

month observations.

Spot continuously compounded corporate yields for each letter-gatidg class are then estimated
using Nelson-Siegel method from the corporate bond safmpte.example, for credit rating AA, there
are atotal of 47031 bond-month observations. Nelson-Siegel method isvemtied for each month on
this sub-sample of AA bonds to extract the spot yield curves for crelifiAA. The same procedure
is repeated for credit ratings AAA, A, and BBB. Yield spread for eating class is calculated as the

difference between the spot yield of the rating class and the maturity-matchasury yield.

Table IV reports the summary statistics of the credit spreads at differetutritiess and rating
groups. The mean credit spread increases with declining credit ratingdghere is a jump in mag-
nitude from A to BBB rating. The mean term structure pattern at each ratisg daelatively flat.
The standard deviations of credit spreads on AAA, AA, and A bondsrathe same range while the

standard deviation estimates on BBB bonds are much larger. Credit spdsadhow high persistence.

1See Bolder and Streliski (1999) for details of the procedure.

16



The monthly autocorrelation estimates increase with maturity and reach a platraurrd five-year

maturity.

C. Estimating the No-Arbitrage Links

For estimation, we again cast the model into a state-space form, extract titieutians of the
states at each date by using an efficient filtering technique, and then edfimat®del using quasi

maximum likelihood method, assuming normal forecasting errors on corgmoatecredit spreads.

In this estimation, the state propagation equation remains the same as in (3).fi¥em eredit
rating groupi, the measurement equation is now defined on the corporate spreansrgsadditive

normal pricing errors on each series,

yi =S(%,1)+&, coa)=Rr', 1=1,23456,789,10vyears (25)

Since the corporate spreads are linear functions of the state vectaraurdaodel specification, we
can again use the Kalman filter technique to update the conditional mean &mteanf the states and
the forecasting errors on the credit spreads. Furthermore, sincaweealready extracted the dynamic

factorsX, we now regard them as observables. Hence, the ex post updates are
>/<\I+1 = )/(\tnll; \7t+1 =0, (26)

where)?{Q1 denotes the dynamic factors extracted in the earlier sections. The exap@stoe is zero
because we treaﬁﬂl as observable. Moreover, given that the factors are observabl@stimate
the parameters governing the time-series factor dynamics via simple regrassiysis. We estimate
the market prices of dynamic factors and the instantaneous credit sjpreacbn using maximum
likelihood method, assuming that the forecasting errors on the creditdspaea normally distributed.

We estimate the term structure of credit spreads for each of the fout agag classes separately.
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[ll. Economic Determinants of the Credit Spread Term Structure

By estimating the dynamic term structure model of credit spreads, we caquantify the impacts

of each dynamic factor on the term structure of credit spreads atatifferedit rating groups.

To gauge the performance of the seven dynamic factors in explaining ttadioa of the term
structure of Treasury and corporate bond yields, Table V reportothedsted percentage variance on
the Treasury and corporate yields, defined as one minus the ratio ofrtwa$ting error variance over
the spot rate variance at each maturities. We capture the term structues Trietisury yields using
three latent factors. Table V shows that these three interest-rate faotalist over 96 percent of the

monthly variation in the Treasury yields.

With four additional macroeconomic and financial factors, the model cedigirover 90 percent
of most corporate bond yields under AAA, AA, and A credit rating gmuphe seven dynamic factors
predict a lower percentage between 70 to 90 percent on the BBB bddd.yiable IV show that the
BBB bond spreads show dramatically larger standard deviations thaadspaé other credit ratings.
Our estimation suggests that a large portion of this extra variation is due tondiagic movements.

Overall, the dynamic factor model that we propose works well.

Table VI reports the parameter estimates for the instantaneous credi fymeton. The estimates
for & measure the fixed component of the instantaneous spread. More intpisdlia estimates for
b, which measure the instantaneous response of the instantaneouspmestit to unit shocks on the
seven dynamic factors. The signs of the estimates are consistent aerdgartbredit rating groups.
The loading on the first interest-rate factor is significantly negative, mwmia sower credit ratings.
This factor is generally referred to as an interest-rate level factor. nEigative estimate suggests
that the instantaneous credit spread declines with increasing interefvwelee The loading on the
second interest rate factor is positive, although its magnitude becomes satddleter credit rating
groups. This second factor is often referred to as a term structure fofor. The positive estimate
suggests that a steepening of the default-free interest-rate curverisagfeciated with a widening

credit spread. The most transient interest rate factor has positiviedsaoh the instantaneous credit
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spread. Albeit statistically significant, the magnitudes of the estimates are smaltethth loading
estimates on the first two factors. This most transient factor is often edféoras a curvature factor.
It is also positively related to interest rate volatility (Heidari and Wu (2003Y)e positive estimate
suggests that an increase in the yield curve curvature and interesolati#ty leads to a widening of

the instantaneous credit spread.

The loading estimates on the inflation factor are negative, but the loading et the real
output growth factor are all positive, suggesting that inflation increasis|e a declining short-term
spread whereas high real growth leads to a widening credit spreadheGother hand, the loading
on the two financial factors are both positive, suggesting that both faldegerage and stock market

volatility are associated with increases in credit spreads, at least ansdutorrities.

The risk-neutral factor dynamics and the instantaneous credit spreetioh jointly determine the
loading the dynamic factors across the whole term structure of credadsard he risk-neutral factor
dynamics are jointly determined by the time-series dynamics and their market pfidek. Table |
reports the dynamics on the three interest-rate factors. Table Il rapertisne-series dynamics on the

four macroeconomic and financial factors.

Table VIl reports the market prices of risks estimates on the four maanoedo and financial
factors. Since we estimate the term structure of credit spread for eadit i@ting group separately,
we obtain four sets of market price estimates, one for each credit ratng.g&imilar estimates across
different rating groups would suggest the robustness for the marketsp different estimates, on the
other hand, would suggest either measurement noise or evidence @ftsegknentation that different
rating groups price the risk differently. The market price of risk estimates the four data sets are
quite similar, providing evidence of robustness on the estimatesy.pmeeasure the constant portion
of the market price. The estimates are positive on inflation, real growthfiaancial leverage, but
positive on volatility. They,: estimates capture the proportional coefficient of the market prices of risk
The estimates suggest that the market price increases with inflation, finamerage, and volatility

risk, but decreases with real growth.
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In Figure 3, we plot the factor loading on the whole term structure credi#aspunder each of the
four credit rating groups. The loadinb;(t)/t, is computed based on the parameter estimates of our

dynamic term structure model of interest rates and credit spreads.

The left panels plot the impacts of the three interest-rate factors on the terotuse of credit
spreads across the four rating groups. The impacts of the first intatediactor (solid lines) on the
credit spreads are negative and increasingly so with increasing matlihgyimpacts of the second
interest-rate factor (dashed lines) are strongly positive, but the impact®e with maturity. The
impacts of the third interest-rate factor are very small, negative at shortitiegtibut positive at longer

maturities.

The impacts of the two macroeconomic factors are plotted in the middle panelssolithdines
depict the impacts of the inflation factor, which show a strong slope efféwt.impacts on the credit
spreads are strongly negative at short maturities, but are close t(orenen slightly positive) at long
maturities. On the other hand, the impacts of the real growth factor are claseotcslightly positive

at short maturities, but slightly negative at long maturities.

The right panels plot the impacts of the two financial factors. The impact&dirtancial leverage
factor are strong and positive, but the magnitude declines with increasingitypal he impacts of the

financial market volatility factor is also positive, but much smaller.

V. Conclusion

We use a dynamic factor model to summarize the information in many observedeoacomic
and financial data series and to provide a no-arbitrage link between thedatmseries and the term
structure of credit spreads at different credit rating groups. Bynating the model, we quantify the
impacts of many macroeconomic and financial series on the whole term stro€tredit spreads. We
find that credit spreads decline with increasing interest-rate levels dtahffey term structure slopes,
but increase with financial leverage and, to a lesser extent, stock nvat&élity. Upward shocks on

inflation strongly narrow the credit spread at short maturities, but theirdgtagm long-term spreads
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are close to zero, thus generating a strong slope effect on the ternusgro€ credit spreads. On the

other hand, the impacts of real output growth and the interest-rate crgv¥attors are fairly small.

21



REFERENCES

Altman, Edward |., Brooks Brady, Andrea Resti, and Andrea Sironi4200e link between default

and recovery rates: Theory, empirical evidence and implicatiimgnal of Businestorthcoming.

Bakshi, Gurdip, Dilip Madan, and Frank Zhang, 2004, Investigating ¢ke af systematic and firm-
specific factors in default risk: Lessons from empirically evaluatingitresk models,Journal of

Businesgorthcoming.

Bangia, Anil, Francis X. Diebold, Andr Kronimus, Christian Schagen, @hdchuermann, 2002,
Ratings migration and the business cycle, with application to credit portfolissstesting,Journal

of Banking and Financ26, 445-474.

Bevan, Andrew, and Francesco Garzarelli, 2000, Corporate hpedds and the business cycle: Intro-

ducing gs-spreadournal of Fixed Incom8, 8-18.

Bolder, David, and David Streliski, 1999, Yield curve modelling at the bdrdanada, Working paper,

Bank of Canada.
Carey, Mark, 1998, Credit risk in private debt portfolidsurnal of Finances3, 1363-1387.

Collin-Dufresne, Pierre, Robert S. Goldstein, and Jean Helwed?g, 36 credit event risk priced?

modeling contagion via the updating of beliefs, Working paper, Washingtaretsity St. Louis.

Collin-Dufresne, Pierre, Robert S. Goldstein, and J. Spencer Maab1,, The determinants of credit

spread changedournal of Financeb6, 2177-2207.

Delianedis, Gordon, and Robert Geske, 2001, The componentsdrete credit spreads: Default,

recovery, tax, jumps, liquidity, and marker factors, Working paper, ACL
Duffee, Gregory, 1999, Estimating the price of default rRkyiew of Financial Studies2, 197-226.

Duffie, Darrell, and Rui Kan, 1996, A yield-factor model of interesesaMathematical Finance,
379-406.

22



Duffie, Darrell, Jun Pan, and Kenneth Singleton, 2000, Transfomtysis and asset pricing for affine

jump diffusions,Econometrice68, 1343—-1376.

Duffie, Darrel, Lasse Heje Pedersen, and Kenneth J. Singleton, 2008eling sovereign vyield

spreads: A case study of russian ddbyrnal of Financeb8, 119-160.

Duffie, Darrel, and Kenneth Singleton, 1997, An econometric model ofethie structure of interest

rate swap yieldsJournal of Finances2, 1287-1322.

Duffie, Darrel, and Kenneth J. Singleton, 1999, Modeling term structfidefaultable bondgkeview
of Financial Studied.2, 687—720.

Elton, Edwin J., Martin J. Gruber, Deepak Agrawal, and Christophemy2001, Explaining the rate

spread on corporate bond®urnal of Finances6, 247-277.

Eom, Young Ho, Jean Helwege, and Jing-zhi Huang, 2003, Strliotodels of corporate bond pricing,

Review of Financial Studidsrthcoming.
Frye, Jon, 2000, Depressing recoveriRiskOctober, 108-111.

Heidari, Massoud, and Liuren Wu, 2003, Are interest rate derivatpanned by the term structure of

interest ratesdournal of Fixed Incomé&3, 75—86.

Huang, Jing-zhi, and Ming Huang, 2003, How much of the corporagesury yield spread is due to

credit risk?, Working paper, Penn State University.

Jones, E. Philip, Scott P. Mason, and Eric Rosenfeld, 1984, Contintgm analysis of corporate

capital structures: An empirical investigatialournal of Finance39, 611-625.

Liu, Jun, Francis A. Longstaff, and Ravit E. Mandell, 2000, The nigokiee of credit risk: An empir-

ical analysis of interest rate swap spreads, Working paper, UCLA.

Longstaff, Francis A., Sanjay Mithal, and Eric Neis, 2004, Corporatkl \@preads: Default risk or

liquidity? new evidence from the credit-default swap market, Working papeLA.

Longstalff, Francis A., and E.S. Schwartz, 1995, A simple approachumgarisky fixed and floating
rate debtJournal of Finance0, 789-819.

23



Merton, Robert C., 1974, On the pricing of corporate debt: The risktre of interest rategpurnal
of Finance29, 449-470.

Nickell, Pamela, William Perraudin, and Simone Varotto, 2000, Stability of ratangsttions Journal

of Banking and Financg4, 203-227.

Pedrosa, Monica, and Richard Roll, 1998, Systematic risk in corporaig yields,Journal of Fixed

Incomes, 7-2.

24



©
~

Mean Spot Rates, %
N N NN ©
~| N D [e)) 00 00 N

o
©

Factor Loading on Interest Rates, Bps

o
o)

I
N
(=]

0 2 4 6 8 10 0 2 4 6 8 10
Maturity, Years Maturity, Years

Figure 1. Mean term structure and factor loadings on the riskfreeyield curve. The left panel plots
the mean term structure of the riskfree spot rate cua®,/ 1. The three lines in the right panel plot the
instantaneous response of the riskfree spot rate curve to per uditshohe three interest-rate factors,
b(t)/t. Both are computed based on parameter estimates of a three-factor Gaifiseamodel. In
the right panel, the solid lines denotes the first factor, the dashed lin¢éedghe second factor, and the
dotted line denotes the third factor.
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Figure 2. Time series of economic and financial factord.ines in the left panel denote the extracted
macroeconomic factors, with the solid line denoting for inflation and the dastestbr real growth.
Lines in the right panels denote the financial factors, with the solid line fanéial leverage and
dashed line for financial market volatility.
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Figure 3. Instantaneous response of term structure of creditf@eads to unit shocks on the dy-

namic factors. Lines denote the instantaneous response of the term structure of qesditls at
different credit rating groups to unit shocks on the three interestaaterk (left panels), two macroe-
conomic factors (middle panels), and two financial factors (right panefe three interest-rate factors
in the left panels are in solid, dashed, and dotted lines, respectively. IBeldin the middle panels

denote the inflation factor and dashed lines in the middle denote the real gamtdh Solid lines

in the right panels denote the financial leverage factor and dashed littes ight panels denote the

volatility factor.
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Table |
Default-free Interest-rate Factor Dynamics

Entries report the parameter estimates and the absolute values te$ttitestics (in parentheses) on the default-free interest-rate factors
dynamics, their market prices, and their link to the instantaneous defaglirterest rate. The parameters are estimated based on maximum

likelihood method with Kalman filter using continuously compounded Treasutgs/feom three months to ten years. Data are monthly
from January 1988 to June 2004, obtained from the Federal ReBeard.

Ky

Yr1 Yro & by
[ 0.0251 0 0 [ —0.0027 0 0 [ —0.1455 ] [ 0.0008 T
(0.11) (0.07) —_ (0.29) (1.19)
0.0247 02665 0 —0.0562 02157 0 —0.6866 0.0648 0.0000
(011)  (126) —— (1L07)  (L46) —— (0.38) { (0.21) ] (0.08)
—1.3604 —1.5300 Q7455 —0.4380 —1.5760 Q7166 0.6717 0.0077
(349) (242 (268) | | (324 (480 (239 | | (004 | (178) |




Table 11
Extracting Systematic Factors From Macroeconomic and FinanciaData

Entries report the estimates and the absolute values dfdtadistics (in parentheses) of parameters
that link each observed data series to four systematic factérsglenotes the loading of each series
on theith systematic factor. The factor loadings are estimated with maximum likelihood matitbd
Kalman filtering using macroeconomic and financial data series listed bel@mabroeconomic and
financial leverage data are from the Federal Reserve Board, thiditjokeries are downloaded from
Bloomberg. The sample period is from January 1988 to June 2004.

Series Hy H, Hs Hg

CPI 0.5272 (8.05) — — — — — —
Core CPI 0.4853 (4.78) — — — — — —
PPI 0.3881 (3.64) — — — — — —
Core PPI 0.4745 (8.26) — — — — — —
PCE Deflator 0.5451 (11.27) — — — — — —
Core PCE Deflator 0.5014 (5.01) — — — — — —
GDP deflator 0.5154 (9.38) — — — — — —
Real GDP — — 0.2636 (6.19) — — — —
Industrial Production — — 0.3055 (9.93) — — — —
Non-farm Payrolls — — 0.3941 (15.08) — — — —
Real PCE — — 0.2149 (7.89) — — — —
Debt/Net Worth — — — — -0.2499 (3.33) — —
Debt/Net Worth (B) — — — — 0.3500 (4.21) — —
Debt/Equity — — — — 0.4317 (6.32) — —
Financing Gap/GDP — — — — -0.2151 (2.66) — —

Total Debt Change/GDP — — — — -0.1548 (1.77) — —
VXO — — — — — — 0.4325 (14.56)

VIX — — — — —  — 0.4276 (14.94)
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Table IlI
Macroeconomic and Financial Factor Dynamics

Entries report the parameter estimates and the absolute valueste$tttestics (in parentheses) on
time-series dynamics of the fours macroeconomic and financial fagigreaptures the impacts of the
three interest-rate factors on the four macroeconomic and financiatdactocaptures the feedback
of the four factors on themselves. The time-series are estimated via iegrasslysis on the seven
extracted dynamic factors.

Kro Kro

-0.2081 -0.0975 0.0679 0.6338 -0.2995 -0.3541 -0.1739
(-44.12) (-30.20) (68.47) (1.86) (-79.63) (-51.83) (-104.39)
-1.0685 -0.4071 0.7403 0.8609 -0.2104 -0.3133 0.1285
(-46.04) (-32.07) (71.71) (38.69) (-1.55) (-54.81) (120.48)
0.0179 0.3812 -0.0326 -0.4485 -0.0694 0.4924 -0.1128
(31.12) (31.08) (-61.13) (-33.34) (-82.38) (2.02) (-102.54)
0.6974 0.4635 -0.6425 0.3492 0.0959 0.0573 0.2613
(41.79) (30.40) (-65.37) (35.18) (84.19) (58.22) (2.29)
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Table IV
Summary Statistics of Credit Spreads on Corporate Bonds

Entries report mean, standard deviation, and monthly autocorrelation afetié spreads on corporate
bonds. The spreads are defined as the difference in percentage lpefween continuously com-

pounded spot rates at a certain credit rating group and the cordiagadireasury spot rates. Corporate
bond spot rates are extracted using Nelson-Siegel method from therampond data. Data are

monthly from January 1988 to June 2004, obtained from the FederahReBoard and Merrill Lynch.

Maturity 1 2 3 4 5 6 7 8 9 10

Sample Mean

AAA 0.705 0.715 0.734 0.751 0.760

0.760 0.753 0.740 0.721 0.699
AA 0.750 0.749 0.771 0.797 0.819 0.833 0.840 0.838 0.831 0.819
A 0.892 0.940 0.992 1.036 1.069 1.089 1.098 1.098 1.090 1.078
BBB 1521 1474 1479 1506 1537 1565 1.587 1600 1.607 1.607

Sample Standard Deviation

AAA 0415 0.291 0.286 0.300 0.311 0.316

0.317 0.317 0.316 0.315
AA 0.278 0.251 0.266 0.279 0.290 0.299 0.306 0.313 0.319 0.324
A 0.306 0.325 0.345 0.351 0.353 0.352 0.352 0.352 0.353 0.355
BBB 0.552 0.609 0.624 0.614 0595 0.574 0.555 0539 0.526 0.516

Monthly Autocorrelation

AAA 0.923 0.949 0.967 0.972 0.973

0973 0.972 0971 0.968 0.964
AA 0.898 0.939 0.954 0959 0962 0.964 0966 0.966 0.966 0.965
A 0912 0.954 0962 0964 0965 0.965 0.965 0.964 0.963 0.962
BBB 0.910 0.955 0.966 0969 0970 0.969 0968 0.966 0.963 0.961
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Table V
The Explanatory Power of the Dynamic Factors on the Term Structire of Treasury and
Defaultable Bond Yields

Entries report one minus the ratio of the forecasting error variance toridfieal spot rate variance.
Treasury and corporate bond yields are forecasted by seven dyfetocs, which include three
default-free interest rate factors, two macroeconomic factors, andriesadial factors. The term struc-

ture of Treasury yields and credit spreads are linked to the dynamiggadtoa no-arbitrage dynamic
term structure modeling framework.

Maturity 1 2 3 5 5

Treasury 0.982 0975 0970 0.967 0.965 0.964 0.963 0.963 0.961

0.960
AAA 0.764 0.865 0.909 0.930 0.941 0.947

0.950 0.953 0.955 0.956
AA 0.930 0951 0.959 0.962 0.964 0965 0.967 0.968 0.968 0.968
A 0.906 0.924 0.930 0.933 0.936 0.939 0.941 0.944 0.947 0.949

BBB 0.700 0.807 0.857 0.881 0.893 0.896 0.895 0.892 0.886 0.879
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Table VI
Parameter Estimates on the Instantaneous Credit Spreads Fution

Entries report the parameter estimates (and absolute magnitudesteft#tistics in parentheses) on

the instantaneous credit spread function under different rating graigs the intercept and; is the
loading vector on each of the seven factors. The parameters are estimidiedaximum likelihood
methods and Kalman filter, using corporate bond yield spreads over ttesgonding Treasury yield
at maturities from one to ten years. Data are monthly from January 1988¢a2004, obtained from

the Federal Reserve Board and Merrill Lynch.

Ratings AAA AA A BBB
Intercepts &) -0.0079 -0.0031 -0.0054 0.0035
(11.72) (6.79) (11.15) (5.32)
Factor Loadingskg):
Interest Factor | -0.0016 -0.0016 -0.0019 -0.0039
(5.82) (7.08) (8.44) (12.57)
Interest Factor Il 0.0109 0.0070 0.0081 0.0053
(27.72) (32.52) (33.31) (11.93)
Interest Factor llI -0.0012 -0.0010 -0.0018 -0.0005
(7.06) (9.37) (17.10) (3.25)
Inflation Factor -0.0146 -0.0075 -0.0071 -0.0151
(22.23) (20.71) (21.01) (26.93)
Real Growth Factor 0.0015 0.0005 0.0005 0.0012
(11.62) (7.55) (8.64) (11.40)
Leverage Factor 0.0157 0.0086 0.0089 0.0152
(27.55) (30.44) (32.02) (39.66)
Volatility Factor 0.0022 0.0010 0.0015 0.0017
(13.11) (10.27) (14.28) (11.18)
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Table VII
Parameter Estimates on the Market Prices of Macroeconomic andiRancial Risks

Entries report the parameter estimates and absolute magnitudestedt#tistics (in parentheses) on
market prices of macroeconomic and financial risk factogs. denotes the constant component of
the market priceyo; denotes the coefficient for the proportional component of the markes. pvwe
estimate the market prices of risks using the term structure of credit spreadch of four credit rating
groups. Data are monthly from January 1988 to June 2004, obtaimedtieFederal Reserve Board
and Merrill Lynch.

Factors Yoo Yo1
Ratings AAA AA A BBB AAA AA A BBB
Inflation -2.4770 -2.9253 -2.4951 -2.5045 0.0786 0.0910 1260 0.0978

(7.43) (11.21) (10.49) (10.82) (5.72) (452) (0.69) (7.83)
Real Growth -3.7831 -3.5488 -2.4877 -2.8009  -0.1233 -041200.2517 -0.1241
(432) (3.19) (248) (4.56) (8.30) (7.19) (11.02) (10.24)

Leverage 25539 -2.6936 -3.0567 -2.4322  0.0564 0.05470222. 0.0242
(11.08) (16.39) (31.44) (12.15)  (5.29) (4.59) (1.83) (244

Volatility 3.5030 3.5105 6.1156  3.2546 0.4562 0.3706 08108 0.4746
(7.44) (3.16) (7.89) (5.64) (8.23) (6.91) (7.48) (12.33)
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