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

ABSTRACT

This paper presents an internally consistent analysis efettonomic determinants of the term
structure of credit spreads across different credit ratiagses and industry sectors. Our analysis
proceeds in two steps. First, we extract three economiorfafrom 13 time series that capture three
major dimensions of the economy: inflation pressure, reghudugrowth, and financial market
volatility. In the second step, we build a no-arbitrage nidbat links the dynamics and market
prices of these fundamental sources of economic risks ttethestructure of Treasury yields and
corporate bond credit spreads. Via model estimation, vwes thie market pricing of these economic
factors and their impacts on the whole term structure of Jugayields and credit spreads.

Estimation shows that positive inflation shocks increash eeasury yields and credit spreads
across all maturities and credit rating classes. Positieels on the real output growth also in-
crease the Treasury yields, more so at short maturitiesaghkomg maturities. The impacts on the
credit spreads are positive for high credit rating cladseshecome negative and increasingly so at
lower credit rating classes. The financial market volgtiigtctor has small positive impacts on the
Treasury yield curve, but the impacts are strongly posiiwehe credit spreads, and increasingly
so at longer maturities and lower credit rating classes.

Finally, when we divide each rating class into two indusegtsrs: financial and corporate, we
find that within each rating class, the credit spreads in thenfiial sector are on average wider
and more volatile than the spreads in the corporate secstim&tion further shows that the term
structure of credit spreads in the financial sector is mospamsive to shocks in the economic
factors.

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 Economic Deter minants of
the Credit Spread Term Structure

Numerous empirical studies, mostly based on regression analysis, shatvaleequency of credit
events and the expected loss from such events depend crucially ontéhefdtee macroeconomy and
the financial market. In this paper, we quantify in an internally consistennarahe link between
the dynamics and market prices of the fundamental economic factors ome¢hieand and the term

structure of credit spreads on the other.

The task at hand is important but challenging. First, many macroeconomicensiaid financial
market variables are available. Each series contains some informatioalsamubssibly a tremendous
amount of noise, about the state of the economy. It is inefficient to foctedyran one or a few of these
variables while discarding many others. Meanwhile, it is unrealistic to incatpall of them as state
variables into a formal model of credit spreads. Therefore, how tdifgléhe systematic movements

from the many noise series poses the first challenge.

Second, the pricing of credit risk, which is embedded in the prices of marporate bonds, is
likely to be different for bonds at different maturities. Picking bondswgt@ne maturity or a few matu-
rities would not reveal the complete picture across the whole term struttanee, how to consistently
summarize and quantify the pricing of different risks across the whole $&uture of credit spreads

poses another challenge.

In this paper, we handle both challenges by building a dynamic factor mbdekoest rates and
credit spreads. First, we extract a small number of dynamic factorsdmite array of macroeconomic
and financial series to capture the key dimensions of the economy. Thaosglha dynamic factor
structure, we succinctly summarize the information content in many noisy s8eesnd, we propose
flexible specifications on how these dynamic factors are priced and hanstia@taneous interest rates
and credit spreads respond to these factors. Given these spegiicat®use no-arbitrage arguments
as in Duffie and Singleton (1999) and Duffie, Pedersen, and Singl28®3) to derive the whole term
structures of interest rates and credit spreads as functions of theseid factors. Therefore, via no-

arbitrage arguments, we are able to make an internally consistent analytsésiofpacts of the large



number of macroeconomic and financial variables on the interest ratesedfitlspreads across the
whole spectrum of maturities. Furthermore, the estimation not only shows kovattables affect the
term structure, but also reveals the reasons behind it. In particular, ithel estimation illustrates how
different dimensions of risk in the aggregate economy vary over time andhiemarket prices them
differently. Risk dynamics and pricing jointly determine how the factors impactaim structure of

interest rates and credit spreads.

Our estimation involves two sequential steps. In the first step, we decortippseonomy into
three key dimensions: the inflation pressure, the real output growttitharfthancial market volatility.
Inflation and real output growth represent a first-order decompositithre two sides of the macroecon-
omy, whereas financial market volatility represents an aggregate riskimeassecond-order moment

that has been generating first-order impacts on the financial market apeittions (Engle (2004)).

We capture these three dimensions of the economy using three systematitdfaciors, which
we extract from 13 observed series using maximum likelihood method joint vaiim&n filter. The first
two factors are extracted from 11 macroeconomic series, includingoyeatyear percentage changes
on the consumer price index (CPI), the core CPI, the producer priex i(RPl), the core PPI, the
personal consumption expenditure (PCE) deflator, the core PCE deflatbthe gross domestic pro-
duction (GDP) deflator, the real GDP, industrial production, non-faayrolls, and the real PCE. We
make structural constraints on the factor loadings to align the first factorimflttion and the sec-
ond factor with real output growth. We extract the third factor from twiatiity indices: the VXO
volatility index computed from options on S&P 100 index, and the VIX volatility indesputed from
options on S&P 500 index. This volatility factor represents a compound neaktire economy-wide
business risk and financial leverage, both of which impact the crediairidkcredit spreads (Merton

(1974)).

In the second step, we use the three economic factors to explain the teaturgtrof Treasury
yields and corporate bond credit spreads at different credit ra@sges. In linking the three dynamic
factors to the term structure of Treasury yields and corporate bortit greads, we build a no-
arbitrage dynamic term structure model, under which the whole term strustureeasury interest

rates is determined by the factor dynamics, market prices of factor ristdhea instantaneous riskfree



interest rate as a function of the factors. A further specification for th®irtaneous credit spread
function at each credit rating group determines the whole term structuredi spreads at that rating
group. Thus, by estimating the model parameters, we learn the impacts oftamayic factors on the

whole term structure of Treasury yields and credit spreads. We alsotteadynamics of the economic

factors and how these factors are priced in different markets.

Estimation shows that positive inflation shocks increase Treasury yiettisradit spreads across
all maturities and credit rating classes. The impacts on the Treasury yieldbeastrongest. The
impacts on the credit spreads are weaker and increasingly so at ledérratings. Thus, a positive
inflation shock moves up both the benchmark yield curve and the creditdspn®re so for the Treasury

and credit spreads on high credit rating companies than for spreddw oating companies.

Positive shocks on the real output growth also increase the Tredsldg,ymore so at short maturi-
ties than at long maturities. The impacts on the credit spreads are posithigliarredit rating classes,
but become negative and increasingly so as the credit rating moves toraclaa® Furthermore, the
impacts are more negative at shorter maturities than at longer maturities. & posijtive shock to
the real side of the economy increases the benchmark interest-rate kvehdlan otherwise upward
sloping yield curve, but narrows the credit spread, particularly at shaturities and low credit rating

classes.

The volatility factor has only small positive impacts on the Treasury yield ¢lnvdts impacts are
strongly positive on the credit spreads, and increasingly so at longeritiess and lower credit rating

classes.

We also divide each credit rating group into two broad industry sectarandial and corporate,
and study whether the impacts differ significantly across these two indesiigrs. We find that credit
spreads on the financial sector are on average wider and more volatiléhthapreads on corporate
sector, especially at lower credit rating classes. Estimation further stimaws$he term structure of
credit spreads in the financial sector is more responsive to shocksdéndhemic factors. In particular,
we find that for the financial sector, the impacts of the inflation factor are pasitive across all rating
classes, that the impacts of the real output factor are more negative BBt class, and the impacts

of the volatility factor more positive for AA, A, and BBB classes.



Our work in this paper integrates two strands of extant literature. Thefiiestd uses regressions to
analyze the determinants of credit spreads. Prominent examples incluale & Garzarelli (2000),
Frye (2000), Carey (1998), Pedrosa and Roll (1998), Collin-&srfe, Goldstein, and Martin (2001),
Elton, Gruber, Agrawal, and Mann (2001), and Altman, Brady, Redti Sironi (2004). Though rich in
economic intuition, the results of these studies often depend on the speoifieslof the explanatory
variables, as well as the choices of the maturity and credit rating of thé spéads used as the
dependent variable. Given the correlations among the many commonly xigegaory variables,
the regression coefficient estimates often change depending on the cifidlee other explanatory
variables. Furthermore, the estimates also change when the creditspseaiin the analysis switch
maturities or credit rating classes. It asks for a dramatic leap of faith toeexenregression results

from one maturity and/or rating class to other maturities and rating classes.

The second strand of literature uses a small number of dynamic factorstoaize the varia-
tion on the term structure of interest rates and credit spreads via iitagebarguments. Important
contributions include Jones, Mason, and Rosenfeld (1984), Lohgs@fSchwartz (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@f), Bakshi, Madan, and Zhang
(2004), Longstaff, Mithal, and Neis (2004), Eom, Helwege, and lgy@003), and Longstaff, Mithal,
and Neis (2004). Different from the regression analysis, these stodiederive the impacts of the dy-
namic factors on the whole term structure of interest rates and creditdspirean 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 latemsfamonot clear. In the few
studies that try to incorporate economic variables, often only a small nurhlobiservable variables
are included for tractability reasons, and other valuable economic vagiatdeconspicuously left out.
In this paper, we exploit the advantages of both strands of studies. QGinébkand, we use a few
dynamic factors to summarize the information and suppress the noises in neatyaxb macroeco-
nomic and financial time series. On the other hand, we exploit the no-asbit@mework to provide

an internally consistent analysis on the impacts of these macroeconomic ameidirseries across the



whole term structure of credit spreads. We also rely on the no-arbitnageel to provide insights on

risk dynamics and risk pricing that form the main driving force behind tha &ructure impacts.

The rest of the paper is organized as follows. Section | describesabedure for extracting the
dynamic economic factors. Section Il presents a no-arbitrage model tkaithia dynamic economic
factors to the whole term structure of Treasury and corporate bondsyi&dction Ill describes the
construction of Treasury and corporate yields and our estimation straBagtion 1V discusses the
estimation results of the no-arbitrage models, and examines the relation betwwd#érspreads across
different maturities and rating classes and the extracted economic faBection V further divides
the corporate bond data at each rating class into two broad industrysantbanalyze how the term
structure of credit spreads differ and whether the economic factorstriigaterm structure differently

across the two sectors. Section VI concludes.

|. Extracting Dynamic Economic Factors

We observe many economic and financial time series, yet many of them ceimalizr informa-
tion, mingled with a significant portion of noises either due to measurement eradiosyncratic
movements. We use a dynamic factor model to succinctly summarize the informaticuppress the

noise in many observed macroeconomic and financial series.

A. Important Dimensions of the Aggregate Economy

In applying a dynamic factor model, we first need to specify the dimensiottsedfctor space.
Based on both empirical evidence and economic rationale, we decompa@sggtiegate economy into
three broad dimensions: (1) the nominal side of the economy, (2) thedealfthe economy, and (3)

the volatility of the financial market.

Macroeconomists often decompose the economy into the nominal and reabsidergue that
shocks to the two sides of the economy should be separated and treageendiff For example,
Woodford (2003) argues from the perspective of monetary policyrthiatinal shocks should be mini-

mized whereas real shocks should not be intervened. Early studiesdmrband Sims (1977), Sargent
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(1989), and Stock and Watson (1989) also suggest that a hominalaaldactor can account for much

of the observed variation in major economic aggregates.

In addition to these two dimensions, we also incorporate a financial marleilityp dimension,
which captures the compound effect of economy-wide business riskirzanttial leverage, both of
which impact the credit risk according to the classic structural model ofdvi€d974). Furthermore,
the 2004 Nobel price in economics manifests the first-order importance clmgdhe time-varying

dynamics of this second-order moment (Engle (2004)).

Thus, we use three systematic factors to capture the dynamic variation ingharfit second
moments of the aggregate economy. Regression analysis in the literaturmoftgrorates many more
explanatory variables, but in the aggregate level most of these varcid® classified into one of the
three dimensions. At a firm level, financial leverage directly impacts cristibnd credit spreads, but

it is more a capital structure decision (control) variable than a separateslonaf exogenous shocks.

B. Estimating Dynamic Factor Models with Maximum Likelih@ral Kalman Filter

We describe the economy by fixing a filtered probability spg@es ,P, (#t)o<t<s }, With some
fixed long horizonr . We useX € R" to denote am-dimensional vector Markov process that represents
the systematic state of the economy. As discussed above, we-sktWe further assume that the state
vectorX follows simple VAR(1) dynamics. Under continuous-time notatiripllows a multi-variate

Ornstein-Uhlenbeck process under the statistical medsure

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 sfiates< to zero and the
instantaneous covariance matrix to be an identity matrix. We also congttaibe a lower triangular

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 chooseN = 13, which includes seven inflation-related series, four output-relatdessand two
financial market volatility indices constructed from stock index options. MWvernsarize the system-
atic movements underlying the 13 macroeconomic and financial series ustegdhmramic economic

factors via the following linear factor structure,

Yt =HX +&, (2

whereH is an(N x n) matrix of factor loading coefficients amgddenotes aiiN x 1) vector of measure-
ment errors of the data series. We &sé= E[a €/ | to denote the covariance matrix of the measurement
errors. We assume that the measurement errors are independensiaitéheector. In our estimation,
we further assume that the measurement errors are mutually independentthbdistinct variance:

& =o?,i=1,---,N,andg; = 0 fori # j.

If we know the parameters that govern the factor dynamigstbe factor loadingsH), and the
measurement error varianceY), we can infer the systematic states of the economy from the observed
data series, with the technique of Kalman filtering. For this purpose, wéteeive economic factor

dynamics in its discrete-time analog,

X = X1+ v/ Q&, 3)

where® = exp(—kAt), Q = IAt, & denotes arin x 1) iid standard normal random vectadtt, denotes
the discrete time interval, anlddenotes 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 V:,V;, A denote the timet — 1) ex ante forecasts of timevalues
of the systematic economic factors, the covariance matrix of the economicsfattte measurement
series, and the covariance matrix of the measurement serie¥; aatl\V; denote the ex post update,

or filtering, on the economic factors and their covariance at tilmesed on observationg ) at timet.



The Kalman filter provides the efficient updates on these quantities. Spégjfige have the ex ante

predictions as

Xi = OX 1 (4)
Vi = V10" +q; (5)
Vt = HYt; (6)
A = HVHT +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 pogupd®oth the mean and
covariance of the economic factors and the data series, via the iterainedjore defined by equations
(4) to (9). To estimate model paramet®s= [K,H, z Y] that govern the factor dynamics and factor
loading, we define the monthly log likelihood function by assuming that the &staxy errors on the

observed time series are normally distributed,

1 — 1 _ _
li41(©) = -3 log ‘At+1‘ 3 ((Yt+1 —ytJrl)T (Acs1) 1(Yt+1—)7t+1)) . (10)

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

T-1
©=argmax) | 1(0), 11
g i t; t+1(0) (11)

whereT denotes the number of observations for each series.



C. Data Description

Our estimation is based on 13 monthly or quarterly macroeconomic and finaadies from Jan-
uary 1988 to June 2004. The 11 macroeconomic series are from theaFB@serve Board. They
include seven inflation-related series: the consumer price index (C@Rotie CPI, the producer price
index (PPI), the core PPI, the personal consumption expenditure) @di&tor, the core PCE deflator,
and the gross domestic production (GDP) deflator. The GDP deflatoiilstdeat quarterly frequency.
All other variables are available in monthly frequency. We first converptiice indexes into year-over-
year percentage changes, and then standardize each series agtsupthe sample mean and dividing

the series by the sample standard deviation.

The CPI measures the average change in the prices of a basket of gyobdervices bought by
a typical urban household. The PPl measures the change in the selling prazived by domestic
producers for all finished goods. The PCE deflator measures thagavehange in the prices of a
basket of goods and services purchased by the typical consunterastndividuals and non-profit
organizations. Their respective core measures exclude food anglyetie prices of which tend to
be highly volatile. The GDP deflator measures the average change in pfiakgoods and services

produced by the domestic economy.

Among the seven inflation measures, the CPI is the most cited inflation measttéglprice
changes at the wholesale level, as captured by the PPl numbers, arpadted through to the con-
sumer price index in a later date. Hence, tracking price pressures feoRPthnumbers, investors can
anticipate inflationary consequences in the coming months. On the otherthandCE deflator is
becoming the most watched price index from the standpoint of monetary @wittis considered as a
“more reliable measure of inflation” by the Federal Reskfgetwo major reasons. First, whereas the
CPl is only representative of the price paid by urban customers, the Bl is a broader measure
that covers both urban and rural customers. Second, the PCE déeflatohain-weighted index that
captures shifting spending patterns. In contrast, the CPlI is a fixed-teigx that relies on spending

patterns several years ago. Each of the above three indices hasspooding core measure that ex-

1Quotes are from the testimony of Alan Greenspan before the Committeieamcial Services, U.S. House of Represen-
tatives, July 18, 2001.



cludes food and energy. Many economists and investors prefer theraasures because they think
that shocks to energy prices are often transitory. Others disagrealyFgince the GDP deflator in-
cludes all goods and services produced by the domestic economy;, it is $heantprehensive measure
of inflation. However, the GDP deflator is released quarterly while all dttflation measures are re-
leased monthly. In our application, we do not take a stance on which of ¥iea series provides the
most accurate and timely measure of the inflationary pressure. Insteat;lude all of them into our

estimation and extract one common factor that captures the systematic movenigftatidgm pressure.

The data set also includes four output and employment series: the r&ali@iDstrial production,
non-farm payrolls, and the real PCE. The real GDP is available in glyaftequency. The other
three series are available in monthly frequency, but the data on realBE&tsa later date in January
1991. The real GDP growth is the broadest measure of the output gobwhie domestic economy.
Industrial production measures the production of goods. Although it$sdesprehensive, it is more
timely since the industrial production numbers are released monthly whee&R numbers are
released quarterly. Non-farm payrolls measure the number of emplogdems’ payrolls. Farms are
excluded because of their seasonal nature, which can skew total enguibfigures. This number is a
key indicator of the employment scenario of the economy, which hasdahireg implications for both
inflation and output growth. On the demand side of the economy, we inclatieeesonal consumption
expenditure, which often indicates changes in the state of the economyqcizanges in production.
Again, we first turn the four series into year-over-year growth ratelsthen standardize them before

we extract the real growth factor.

To extract a financial market volatility factor, we include two volatility indextége VXO index
computed from options on S&P 100 index, and the VIX volatility index computechfoptions on
S&P 500 index. The VXO measures the one-month at-the-money Black amteS¢th973) implied
volatility on the S&P 100 index options, and the VIX is a specific portfolio of opfoices that ap-
proximate the one-month variance swap rate on the S&P 500 index retums(@aNu (2004)). Both
series are available from Bloomberg in daily frequency, but the VIX seati@rts at a later date in Janu-
ary 1990. The two series exhibit a large amount of short-term variati@seduce noise, we compute

the yearly moving average of the daily volatility series. Then, we sample the mavirages at the
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end of each month and extract the volatility factor in monthly frequency. rive documented level
dependence on the volatility of volatility, we first take logs on two series and stendardize them
before we extract the volatility factor. Given the positivity of volatilities, talklngs also match our

Gaussian factor specification better.

In principle, factors can rotate and the loadings can change accordaliitblyut impacting the final
result. However, such rotations make it difficult to interpret the economiaimga of the dynamic
factors. To improve identification and enhance the economic interpretattbe €ctors, we put struc-
tural constraints on the factor loading matrix. Specifically, we constrainrgtddictor to have positive
loadings on the seven inflation series and the non-farm payroll sexezean loadings on all other se-
ries. As such, this first dynamic factor summarizes the inflation pressure acttmomy. We constrain
the second factor to have nonzero loadings only on real GDP, indystoidliction, non-farm payroll,
and the real component of the personal consumption expenditure, iTlsusnmarizes the real part
of the macroeconomy, which we label as a real output factor. Finally,onstrain the third factor to
have nonzero loadings only on the two financial market volatility indexes t@iakfinancial market

volatility factor.

We estimate the dynamic factors in monthly frequency. For data series thalgravailable in
quarterly frequency or at a later date, we fill the series with missing valdes.estimation method
readily accommodates missing data. At each month, we update the dynamis faased on the

available subset of the data.

D. The Time-Series Dynamics of the Economic Factors

Table | reports the estimates of the factor loading mattix §nd the measurement error variance
(rY), with the absolute magnitude of thetatistics for the parameter estimates reported in parentheses.
The last column reports the predicted variation (PV), defined as one mi@uatib of the forecasting
error variance over the variance of the original series. Since eaigls $& standardized to have unit
unconditional variance, the measurement error variance reflectslthieeeyoodness of fit for each
macroeconomic series. The smaller the measurement error variance ightegercentage variation

the three dynamic factors can explain. Similarly, PV measures the predietif@pance of the three

11



dynamic factors on each of the 13 series. It also reflects the relativenafiveness of 13 series in

terms of their affinity to the extracted economic factors.

Among the seven inflation variables, the smallest measurement error waaiatitighest predicted
variation both come from the PCE deflator, consistent with the FederahRésemphasis on this
measure as a more reliable gauge of the inflation pressure. On the otHethiealargest error variance
and lowest predicted variation both come from PPI, showing that this serles most noisy or least
informative about the inflation pressure. Nevertheless, the loading edimatall seven series are
statistically significant and positive, suggesting that all seven measurtdrcaseful information about

the state of inflation. Hence, it is appropriate to use them all instead of pioki@ggainst the other.

The non-farm payrolls humber is a key indicator of the employment scepétive economy,
it has far-reaching implications for both inflation and output growth. Hemeealso allow the first
factor to have a nonzero loading on the non-farm payrolls series. Hunlp estimates are smaller
than those on the seven inflation variables, but the tigfiatistics suggest that this loading estimate is
strongly significant and that non-farm payrolls are indeed informatdeiathe inflation pressure of

the economy.

Among the four output and employment series, non-farm payrolls alse th@highest loading
and highest-statistics on the second factor. Furthermore, the measurement eieorceaestimate on
non-farm payrolls is neither visually nor statistically different from zend ¢he predicted variation
is highest among all 11 macroeconomic series, showing that the non-ggnmllp series is the most
informative about the economy. Again, however, all four series higwéficantly positive loadings on

the second factor. Hence, they are all informative about the real ttle economy.

Finally, for the two volatility index series VXO and VIX, the measurement erasiance estimates
are both small and the predicted variations are high. The loading estimates twotkeries are also

similar, suggesting that the two indices move closely together.

Table Il reports the parameter estimateskpwhich control the dynamics of the three macroeco-
nomic and financial factors. For identification, we assume a lower triangniarture for thex matrix.

Thus, the ranking of the three factors determines their dependenctusttutVe let inflation be the

12



first factor. Thus, the prediction of this factor only depends on its ovgt yalue. The estimate of
0.1139 corresponds to a monthly autocorrelation of 0.9906, showing thepbigistence of inflation.
The second factor is real output, the conditional mean of which depenidgged values of both the
inflation factor and the output factor itself. The estimate of 0.2007 cornelsptm a monthly autocor-
relation of 0.9834, lower than that for the inflation factors. The off-diedderm 04891 indicates that
past values of the inflation factor predict negatively on the changes irethi@utput. Thus, the two
macroeconomic factors show negative cross-correlation. The thiat fiaghe volatility factor, which

responds negatively to inflation, but positively to output. The small didgaiae suggests that the

volatility factor is highly persistent, in part reflecting the effect of our mowamngrage smoothing.

Given the parameter estimates, the Kalman filter generates the ex post wadatesdof the three
dynamic factors from the 13 observed series. Figure 1 plots the time sgriamits of the three
extracted economic factors. The solid line depicts the inflation factor, theddme depicts the real
output growth factor, and the dash-dotted line depicts the financial manlegility factor. The inflation
factor had a hike in early 1991, coinciding with the spike in inflation pressaused by energy shocks
during the first Gulf War. The inflationary pressure quickly recedeatistayed low for the rest of the

sample period.

[Figure 1 about here.]

The dashed line for the real output growth shows two periods of sthamygiewn and one period
of prolonged high output growth. The first slowdown coincided with th@1+9.992 recession. From
mid 1994 to late 2000, the output growth factor remained at high values with 8octegation. 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 gnewthicked 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 volatility factor extracted from stock index options, as shown by thk-datted line, started
high in late 1980s, showing the lingering effects of the 1987 stock markshcrThe first Gulf War

caused a spike on the stock market volatility, but otherwise the volatility stayjelbdtween 1992 and
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1997. The stock market volatility increased in late 1997 following the Asiarsasd then the Russian
default and the ensuing hedge fund crisis. Stock market volatility peakemta late 2002 and early
2003 after a series of corporate scandals including Enron and Worldigééaults and the war in Iraq.

Since the spring of 2003, the stock market volatility started to come down.

II. A No-Arbitrage Dynamic Term Structure M odel of Interest Rates

and Credit Spreadswith Observable Economic Factors

We propose a dynamic term structure model that applies no-arbitragaamntgito link the dynamic
economic factors extracted in the previous section to the whole term stradtdedault-free interest
rates on Treasury bonds and credit spreads on corporate bodifegnt credit rating classes and

industry sectors.

A. Market Prices of Factor Risks and Risk-Neutral Factor Dyizs

The previous section has specified the factor dynamics in equation (it$, discrete version in
equation (3). To price Treasury and corporate bonds based onttaeted dynamic factors, we need
to specify how the market prices risks that are inherent in the dynamia$adie consider a flexible

affine specification for the market price of risks in the dynamic factors,

Y(X) = Yo+ V1%, (12)

whereyp is an f1x 1) vector andy; is an f1 x n) matrix, which we constrain to be lower triangular.
Thus, the market price has both a constant component and a compoaievarikes with the factor
level. Via model estimation, we determine the magnitude of the market prices atextand how

they vary with the state of the economy.

The market price specification in (12) and no-arbitrage arguments dictdtéhre exists a risk-
neutral measur@ that is absolutely continuous with respect to the statistical me@swgach that the

fair value of a financial asset;, is equal to the expected value, with the expectation taken under this
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new measur@), of its future payoff streamsy, s > t, discounted by the corresponding instantaneous

Vi = EQ [/wexp<—/srudu) T[SdS{ ﬂ] , (13)
t t

whereE? [-| 7;] denotes the expectation operator under mea@uwenditional on the filtratiory;. The

risk-free interest rates:

measure change from the statistical mea&uiethe risk-neutral measufgis defined by the following

exponential martingale,

dQ

dP

=z (- [voTawe) == (- [+ wx " awe). (14)

wherez () denotes the Délans-Dade exponential operator. According to the Girsanov theorem, th

factor dynamics remain Ornstein-Uhlenbeck under the risk-neutral mes@su
dx = k¢ (e@—x[) dt -+ dwWe, (15)

with K282 = —y, being an(n x 1) vector anck@ = k +y; being an(n x n) lower triangular matrix.

B. The Term Structure of Treasury Yields

To model the term structure of Treasury yields, we assume that the instantadefault-free inter-

est rate is affine in the three dynamic factors,
r=r(%)+&, (%) =a+b’X, (16)

whereg{ denotes the instantaneous interest rate moves that are not explainedthyetheynamic

factors. By designX or r(X;) is orthogonal tc.

According to the fundamental valuation equation in (13), the tinfegr value of a default-free
zero-coupon bond with time-to-maturityis

B(t,1) = E© [exp(—/tt+Tr(Xs)ds> ﬂ] EQ {exp(—/tmsgds> 9‘—t:|,

= BX,DE(,1), a7
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where the multiplicative decomposition follows from the orthogonality assumpgondenX ande'.
We leave the dynamics @f unspecified and regaif(t,t) as an error term on the zero-coupon bond

price that is not explained by the three dynamic economic factors.

The specification of th€)-dynamics for the factor¥; in (15) and the instantaneous default-free
interest-rate function(X;) in (16) satisfy the affine condition of Duffie and Kan (1996) and Duffian,
and Singleton (2000). Thus, we can soB@X,T) as an exponential-affine function of the economic

factors,

B(X,T) = exp(—a(t) ~b(1) %), (18)

where the coefficient&(t), b(t)] are solutions to the following ordinary differential equations:

d(t) = a —b(r) yo—b(1) 'b(1)/2

-

b(1) = b— (k) b, (19)
subject to the boundary conditioag0) = 0 andb(0) = 0. The ordinary differential equations can be
readily solved using standard numerical procedures.

Given the exponential-affine solution in (18), the continuously compalisget rates are affine

functions of the three economic factors,

R(X.1) =~ MBUXT) [a(”] T [‘”)Txt (20)
T T T
The observed spot ratB(t, 1), can be written as
R(t,7) = R, 1) +€(t, 1), (21)
wheree(t,1) = —InE(t, 1) /T denotes the portion of the spot rate that is not explained by the three

economic factors. In our estimation, we tregt 1) as the measurement error term.
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C. The Term Structure of Corporate Yields and Credit Spreads

For defaultable bonds, Duffie and Singleton (1999) and Duffie, Bederand Singleton (2003)
show that the valuation can be written in analogous forms by adjusting th&eskliscounting with
an instantaneous credit spread. Specifically, the tivaue of a zero-coupon defaultable bond with

time-to-maturityt, D(t, T), can be written as,

D(t,T) =E@ [exp(— /ttJrT (ru+su) du)

. (22)

wheres denotes the instantaneous default spread, which can be thought téagiscad-form product
of default probabilities and loss given default. In addition, it can alscske to capture spreads induced

by liquidity and other factors.

To price corporate bonds at a certain credit rating class (and/or igcestior)i, we assume that the

instantaneous credit spread for that rating cldsss an affine function of the three economic factors,
s=9(X)+&, S(X)=a+bX, (23)

wheres{ denotes the portion of the spread that is not explained by the three ecdiagtors.

Then, we can show analogously that the fair value of the zero-cougpaah i theith credit rating

group is also exponential affine in the three dynamic economic factors,
Di (t,1) = D; (%, 1) Eir (t,T), with Dj(X,T) = exp(—a; (1) b (r)Tx[) , (24)

whereE; (t,1) is the error term induced by the unexplained movements in both the defaltafie
and the credit spread’ + €', and the coefficientga; (1), b (1)] are solutions to the following ordinary

differential equations:

a(t) = (a+a)-bi(1) yo—bi(1) bi(1)/2,

b(m) = (b+b)— (k) by, (25)
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subject to the boundary conditioag0) = 0 andb;(0) = 0.

The continuously compounded spot rate on the defaultable bond is aftime @onomic factors,

InD; (X, ‘ bi(t)]"
R = -t (0] B0 (26)
The observed spot rate on the defaultable bond can be written as
InDj(t,
Rt = "0 R g1 e 1.0), @7)

with e, (t,71) = —InE (t,7) /7.

We define the credit spread on the corporate bond as the differetwedrethe spot rate on the

defaultable bond and the corresponding spot rate on the Treasury:

.
] X +a(t,1), (28)

ST =R (t,1)—R(t1) = [ai(r)—a(r)] N [bi(T)—b(r)

1
with &(t,T) = e (t,T) — (t,1). Thus, via no-arbitrage arguments, we link the credit spreads adtoss a
maturities at a certain credit rating class to the observable dynamic econatoisfarhe no-arbitrage
links are determined by the factor dynamics, the market prices of factsr, eski by the instantaneous
default-free interest rate and credit spread as functions of thesefache model provides the theoret-
ical basis and economic insights on the determinants of the Treasury yield®grorate bond credit

spreads.

[11. Data and Estimation

A. Constructing the Treasury Yields

The Treasury yields data are monthly continuously compounded spobtatesed from the Fed-
eral Reserve Board, which extracts the rates from the Treasury antebond prices following the

procedure proposed by Svensson (1995). The spot rates adlabvat 12 maturities: three months,
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six months, and every year from one to ten years. We use the same sandeggeor the economic

factors from January 1988 to October 2004.

Table 1l reports the summary statistics of the Treasury yields. Over thedss pf sample period,
the mean Treasury yield show an upward sloping term structure. Theasthddviation are larger
for short-term yields than for long-term yields. Both skewness and &igrastimates for the Treasury
yields are small. The Treasury yields show strong persistence, with monitdgaarelation ranging

from 0.973 to 0.986.

The left panel of Figure 2 plots the time series of Treasury yields overGhgdar sample period.
The plot shows two periods of low interest rates with steep yield curvesand 1993 and 2003,
respectively, each incidence following the trough of the real outpubfas Figure 1. The Treasury
interest rates are high and the term structure flat in the late 1980s and "iscextended high-growth

period of the later 1990s.

[Figure 2 about here.]

The right panel in Figure 2 plots the term structure of the Treasury spet at each month of our
sample period. The bold solid line denotes the mean upward-sloping terrusgu®ur sample period
has witnessed a variety of term structure patterns, including upward gldpat, and hump-shaped

term structures.

B. Constructing the Corporate Bond Yields

We construct continuously compounded spot rate for each credit reli@sg using month-end
prices on corporate bonds that are either in the Merrill Lynch U.S. Gatpdvaster Index or the
Merrill Lynch U.S. High Yield Index. These indices track the prices of Wi@lar-denominated invest-
ment grade and high yield corporate public debt issued in the U.S. domesdaterket. The Merrill
Lynch data set covers the period from January 1997 to June 200donEiruct a long time-series of
corporate bond yield sample, we augment the Merrill Lynch data by the LeBrathers Fixed In-

come database from January 1988 to December 1996. The Lehmanwatatbe period from January
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1973 to March 1998, but there are very few noncallable bonds tha&t issued before mid 1980s. We

estimate our models based on data from January 1988 to October 2004.

We enforce the following bond selection criteria. First, we consider ondigdtt bonds without
option features. Callable, putable, convertible and bonds with sinking dlauge 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 uresgt@aemds, 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 boptedsas 337,990 bond-

month observations.

Continuously compounded corporate spot rates for each letter-grthuig class are estimated using
the Nelson and Siegel (1987) model and a procedure detailed in BoldeSBtagliski (1999). For
example, for the AA credit rating class, there are a total of 47031 bonthmabservations. The
Nelson-Siegel model is estimated for each month on this sub-sample of AA bomxtract the spot
yield curves for the AA credit rating class. We repeat the same proeddueach of the following
rating classes: AAA, AA, A, BBB, BB, and B. Yield spread for each rgtatass is calculated as the
difference between the spot yield of the rating class and the maturity-malckeadury yield. The

maturity for the credit spread goes from one to ten years every year.

Table IV reports the summary statistics of credit spreads at different itieduand rating classes.
The mean credit spread increases with declining credit ratings. The ipesaus for the three A rating
classes are close to one another between 71 and 89 basis points, ljwettbiscrease accelerates as
the rating further declines, especially after the rating goes below invesgraead. From A to BB, the
mean spread almost doubles for each letter downgrade. Across matuitkizsesach rating class, the
mean term structure is relatively flat. The standard deviations of crediadpron AAA, AA, and A
bonds are in the same range, but the standard deviation estimates on BB®)dBB bonds are much
larger and increase with declining ratings, more so at short than at longitieatuCredit spreads also

show high persistence, more so for high credit rating classes and rnedeturities.
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Figure 3 plots the time series of the credit spreads, with each panel deaptrgedit rating class
and each line denoting one maturity. We use the same scaling for the fous parnevestment-grade
spreads (AAA, AA, A, and BBB), but use increasingly larger scateshigh yield spreads (BB and
B) to accommodate the much wider spreads. Aside from the scale diffsrghedime series plots in
the six panels show common movements that are in line with the state of the ecornumayl riting
classes, we observe two common periods of high spreads, one in e@fly 48d the other in early

2000, corresponding to the two recessions in our sample period.

[Figure 3 about here.]

Figure 4 plots the term structure of the credit spreads at each month, witioltiesolid lines
denoting the mean term structure. Although the mean term structures areetgléifit for all six
rating classes, the term structure at each month has shown differembpaitteluding upward sloping,

downward sloping, flat, and hump-shaped term structures.

[Figure 4 about here.]

C. Estimating the No-Arbitrage Links

For estimation, we cast the dynamic term structure model into a state-spacekbract the distri-
butions of the states at each date by using an efficient filtering techniggiestimate the model using

guasi maximum likelihood method, assuming normal forecasting errors om#eeved data series.

The statistical dynamics of the three economic factors have already k@waated in the previous
sections using the 13 macroeconomic and financial time series, with the estiepigsd in Table .
We take these parameter estimates as given and estimate the remaining pathatsdetsrmine the

no-arbitrage links repeatedly using data from each market.

First, we estimate the market prices of factor risks, and the default-fresmtaseous interest rate
function using the 12 Treasury spot rate series. Based on this estimagatetermine the impacts

of the economic factors on the Treasury yield curve. Then, we re-estth@tearket prices of factor
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risks, and also estimate the instantaneous credit spread function atedithating group using the ten
credit spread series in that rating group. We repeat this estimation pirecied each of the six credit
rating classes. The procedure generates seven sets of estimates orktieriees of risks, one set for
each market. Market efficiency dictates that different markets shoide fire same risk the same way.
Hence, the seven sets of parameter estimates should be close to one drmogeedeviations suggest

either market segmentation or model misspecification.

For each estimation, the state propagation equation remains the same aslire (@fference liesin
the different measurement equations. For the Treasury market estintaaneasurement equations

are in terms of the continuously compounded Treasury spot rates,

R(t,1) = R(%,T) +€(t,T), 1=0.2505,1,2,3,4,5,6,7,8,9,10 years (29)

wheree(t, 1) is treated as the measurement error. For estimation on the corporate bdet aharfixed

credit rating class, the measurement equations are defined on the credit spreads,

St,1)=S0%1)+eat,1), 1=1,2345.6,789,10years (30)

whereS (X, T) denotes the spread explained by the three economic factoes(arg denotes the unex-
plained component, which is treated as the measurement error. To applyrkidterawe assume that
the measurement errors are normally distributed. We further assume thatéhrautually independent

but with different variance.

Since the Treasury yields and credit spreads are both affine in theraaofactors as shown in
equations (20) and (28), respectively, we can use the Kalman filter tondbtaex ante forecasts and
ex post updates on the conditional mean and covariance of the thremidyfaators via the iterative
procedure defined by equations (4) to (9). Furthermore, since wediemady extracted the dynamic
economic factorX in an earlier section from the macroeconomic and financial series, weagaxd

them as observable series. Hence, the ex post updates are,

Xer1 =XM1 Vi1 =0, (31)
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whereX™; denotes the dynamic factors extracted in the earlier section. The ex piastoeais zero

because we tre;f(ﬂl as observable.

The model parameters are estimated by maximizing the log likelihood function defim¢he
forecasting errors of the Treasury yields and credit spreadscatggly. The procedures estimate the
following parameters® = [a,, by, yo, K] and the measurement error variance from the Treasury yields,
and® = [a;, by, yo, kY] and the measurement error variance from the credit spreads ofataghgroup.
Since the bond pricing equations ask for direct input for the risk-nlentean-reversion coefficient
matrix k® = k +y1. We estimate© directly, instead of estimating the market price coefficient matrix

y1 and then combining it with the previous estimatexon

V. Economic Determinants of Treasury and Default Term Structures

By estimating the dynamic term structure models, we quantify the impacts of eawbrec factor
on the term structure of Treasury yields and credit spreads at differedit rating classes. Further-

more, we link these impacts to the underlying factor dynamics and market pfitagor risks.

A. Predictive Performance of the Economic Factors

To gauge the performance of the three dynamic economic factors in expléi@variation of the
term structure of Treasury and corporate bond yields, Table V refiegtgredicted variation (PV) of
the Treasury yields and corporate bond credit spreads, definegg:asious the ratio of the forecasting

error variance over the variance of the Treasury spot rates apdrate credit spreads, respectively.

The model performance is relatively uniform across maturities. The tloaeoenic factors predict
over 70 percent of the variation in the Treasury yields, and about@B@e6cent of the variation in
the corporate credit spreads at the four rating classes. The perfoergbetter than most regression
analysis results, showing the enhanced power of prediction in using tlaerdy factors extracted from
many macroeconomic and financial series, instead of using a few raw gegiaselves. On the other
hand, the results also show that even with the dynamic factor approault, fzddf of the variation in

credit spreads are still not explained by the three major dimensions of ghegade economy.
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B. Market Prices of Economic Risk

Table VI reports the estimates atwdtatistics of the model parameters that determine the market
prices of economic factor risks. These market prices, joint with the timessayigamics in Table II,
determine the risk-neutral factor dynamics, which play important roles in tbastiry and corporate

bond pricing across different maturities.

We estimate the market prices and hence risk-neutral dynamics repeaiedjythe term structure
of Treasury yields and also the term structure of credit spreads latoédlace six credit rating classes.
Thus, we obtain seven sets of estimates. Similar estimates across Treas$uhe alifferent credit
rating classes provide evidence on market integration and the robusfrtaesdynamic specification.
On the other hand, different estimates would suggest either measurenismbnevidence of market

segmentation that different markets price the economic risk differently.

The estimates oyy measure the constant portion of the market price. They also define thi&nbn
component of the risk-neutral drift of the dynamic factors. Across treedets of the estimates, the
most statistically significant are the negative estimates on the output fact@eftbed element af),
suggesting that the output factor has a negative market price. The estonatee volatility factor are
strongly positive across all five markets, but only one of the five estimatgsatistically significant
under 95 percent confidence level. The most inconsistent acrosetmark the estimates on market
price of the inflation factor. The market price estimates on the inflation faceopasitive for the
Treasury and AAA rating class, but negative for the other three ratagges. Nevertheless, four of
the five estimates are not significantly different from zero, suggestigg kestimation errors on this

constant component of market price for inflation risk.

Instead of estimating the proportional component of the market price ofriakd then deriving
the risk-neutral dynamics?, we directly sek@ as the free parameter because ik%that directly
enters the bond pricing equation. Overall, the smaller the estimates, the msistgrerthe economic

factors are under the risk-neutral measure, and hence the more &timgrkhe factor impacts become.

Table VI shows that the first diagonal elementké¥ is very small, suggesting that the inflation

factor is highly persistent under the risk-neutral measure. Henceksba this factor are likely impact
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the term structure of interest rates and credit spreads at both londpartarsaturities. In contrast, the
estimates for the second diagonal element®fire much larger, and all are larger than the time-series
counterpart, suggesting that shocks on the real output factor dissfpater across the term structure

than shocks on the inflation risk.

For the third diagonal element e that controls the risk-neutral persistence and the term structure
impact of the volatility factor, the estimate is the largest at 0.7241 from the Umeasarket, but the
estimates obtained from the corporate bonds markets are smaller, angdimgiseso as the credit rating
declines. The increasing risk-neutral persistence with declining cegdigrdictates that the impact of

the volatility factor becomes more long-lasting for corporate bonds at longéitaating classes.

C. Economic Determinants of Treasury Yield Term Structure

Table VII reports the coefficient estimates on the instantaneous defeelirftrerest rate function
in the column under “Treasury.” The intercept estimateneasures the long-run mean of the in-
stantaneous default-free interest rate, which has an estimate of 4.&h{peftie loading coefficient
estimates),;, measure the contemporaneous response of the short rate to unis shotke three
macroeconomic and financial factors. The estimates for the three elemeatbprsitive and strongly
significant, suggesting that inflation, output, and financial market volatilityaalé positive impacts on

the short rate.

Equation (19) illustrates how the short rate functiap ;) interacts with the risk-neutral factor
dynamics Yo,k?) to determine both the mean term structure of Treasury yields, as meastag@d fy
and the factor loadings across the term structure, as measulgd)y. Figure 5 plots the mean term
structure in the left panel and loadings of the three factors in the riglet p@he upward sloping mean
term structure in the left panel is consistent with data observation. The lihes in the right panel
show the contemporaneous response of the Treasury yield curve &honks on the three economic
factors, respectively. The solid line denotes the response to the inflatitor,fwhich is positive and
the strongest among the three lines. Furthermore, the response is laaydyrat short maturities, but

also lasts through long maturities due to the high risk-neutral persistence iofidtion factor.
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[Figure 5 about here.]

The dashed line denotes the impacts of the real output factor, which isadiivey, but smaller in
magnitude. Furthermore, due to the lower risk-neutral persistence oétiisutput factor, the impacts
dissipate faster as maturity increases. For a unit shock to the real catpart the response of one-year

Treasury rate is about twice as much as the response of the ten-yaanfireate.

Finally, the dash-dotted line captures the impacts of the financial market vol&itityr, which
are positive but small in magnitudes. Furthermore, its impacts also declindyquiitk increasing

maturities. The impacts are close to zero at long maturities.

Factor analysis on the term structure of interest rates, e.g., Litterman heshinan (1991), Knez,
Litterman, and Scheinkman (1994), and Heidari and Wu (2003), ideritifies key factors, which are
often referred to as the level factor, the slope factor, and the cuevitator, respectively. Lu and Wu
(2004) show that the inflation factor and the output factor generate kdedeslope effect on the term
structure, respectively, which match the role of the first two statisticalfactdeidari and Wu (2003)
show that the third statistical factor in interest rates is highly correlated witintBeest rate option
implied volatilities. Our proposed three-dimensional decomposition of the gaigre&conomy is in
line with such evidence. The factor loading plots in Figure 5 also reveal simitpretations for the

three economic factors.

D. Economic Determinants of Credit Spread Term Structure

Table VII also reports the parameter estimates for the instantaneous g@edit Sunction under
each of the six credit rating classes. The estimateg;foreasure the fixed component of the instanta-
neous spread induced by credit risk. The estimate for this intercept estdagro for AAA bonds, but
becomes increasingly positive as the rating declines, indicating an indreasege compensation for

the increased risk at lower credit rating classes.

The loading coefficient estimates on the three economic factors varysatifiesent rating classes.

These loading coefficients interact with the risk-neutral factor dynarfic® determine how shocks
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in the three factors impact the term structure of corporate bond yields emk hhe credit spreads.
Figure 6 plots the three elements (@f(t) — b(t)) /1 for each credit rating group, which measure the
contemporaneous responses of the credit spread term structure shoolts on each of the three
dynamic economic factors. The responses are computed according em(2®e ordinary differential
equations in (19) and (25). Each panel in Figure 6 corresponds taatimg class and each line
corresponds to the response of the credit spread term structure tf treethree economic factors.
For ease of comparison, we use the same scale for the four investmaéaparaels (AAA, AA, A, and

BBB). We use a larger scale for the high-yield panels (BB and B) to accatatadhe larger responses.

[Figure 6 about here.]

The solid line in each panel denotes the response of the credit spreesttectures to the inflation
factor. The responses are positive across all rating groups. Witbimradng group, the responses are
persistent across maturities, consistent with its persistent risk-neutratdgs. The positive responses
suggest that increasing inflation not only increases the Treasury gaissaall maturities, but also

widens the credit spreads on corporate bonds.

The dashed line in each panel shows the response of the credit $premdtructure to the real
output factor. The responses are slightly positive for AAA and AA itrgateads, but become negative
for A credit spreads, and very much so for the BBB, BB, and B credihg classes. Furthermore,
the negative responses are larger at short maturities than at long matdrities although a positive
output shock increases the interest rate level and flattens an othepwsedusloping yield curve, it
reduces the pricing and/or risk of corporate default and narrowsréuit spread at low credit rating

classes, particularly so at short maturities.

The dash-dotted line in each panel plots the response of the creditispoethe financial market
volatility factor. The responses are positive for all rating groups, aackasingly so with declining
credit ratings. Furthermore, in all cases, the impacts increase with matwidiesstent with the high
risk-neutral persistence for this volatility factor estimated from the cotpdrand market. Therefore,

whereas the Treasury yields are dominated by macroeconomic forcdmaheial market volatility

27



plays an increasingly important role on the credit spreads, particulalbyvatating classes and long

maturities.

V. Credit Spreads Term Structure For Financial and Corporate Sectors

To investigate whether corporate bond spreads at different indwettgrs react differently to the
economic shocks, we further divide the corporate bonds sample withirceadit rating class into two
broad industry sectors: financial (F) and corporate (C). We cartdtre term structure of credit spreads
for each industry sector and rating class, with the exception of BB antirgyrelasses, where lack of

data prevent us from obtaining reliable term structure estimates for the twstigdectors.

Figure 7 compares the time series of the credit spreads for these two ynslestors under each
of the four rating classes. The common movements are similar to what we hseevet from the
aggregate plots in Figure 3. Comparing the time series between the two indestioysswithin each
credit rating class, we find that the credit spreads are slightly highénddinancial firms than for the

corporate firms.

[Figure 7 about here.]

We repeat the estimation on each of eight new classifications of credadsprelhe parameter
estimates are roughly in the same range as those obtained before. oaawevep do not report the
parameter estimates. They are available upon request. Figure 8 plots thmporaneous response of
the credit spreads to unit shocks on the three economic factors. Wethpglgme scale to all panels for
ease of comparison. As before, we find that the the inflation factor rsvecand persistent impacts
on the term structure of credit spreads, but the impacts become smallereatdmdit ratings. The
real output factor has slightly positive impacts on credit spreads at néglit cating classes, but the
impacts become negative at lower rating classes. The impact of the volatility facsmall at high

rating classes, but becomes strongly positive at long rating classes.

[Figure 8 about here.]
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Comparing the responses between the two industry sectors within eachalassgwe find that
the responses of the credit spreads in the financial sector are stiordesolute magnitudes than the
response of the spreads in the corporate sector, especially at Idngr ckasses. For the financial
sector, the impacts of the inflation factor are more positive across all rdéeges; the impacts of the
real output factor are more negative for the BBB class; and the impatke afolatility factor more
positive for AA, A, and BBB classes. Therefore, overall the findremator is more sensitive to changes

in the economic environments.

VI. Conclusion

We use a dynamic factor model to summarize the information in many observedenagomic
and financial data series and to provide a no-arbitrage link between ttamity economic factors
and the term structure of Treasury yields and credit spreads of redepaonds at different credit rating
classes and industry sectors. By estimating the model, we quantify the impa@swpmacroeconomic
and financial series on the whole term structure of Treasury yieldsradd spreads. We also learn the
fundamental sources behind the impacts: the economic factor dynamics eked praces of economic

risks.

We find that positive inflation shocks increase Treasury yields andt ageads across all matu-
rities and credit rating classes. The impacts on the Treasury yields aredhgest. The impacts on
the credit spreads are smaller, and decline with lowering credit ratings, &tpositive inflation shock
moves up both the benchmark yield curve and the credit spread, more g foreasury rates and

spreads on high credit rating classes than for the spreads on low riasgs.

Positive shocks on the real output growth also increase the Treasldg,ynore so at short maturi-
ties than at long maturities. The impacts on the credit spreads are posithigliaredit rating classes,
but become negative and increasingly so as we move to lower credit rédisgges. Furthermore, the
impacts are more negative at shorter maturities than at longer maturities. a bosijtive shock to
the real side of the economy increases the benchmark interest-rate kvehslan otherwise upward
sloping yield curve, but narrows the credit spread, particularly at shaturities and low credit rating

classes.
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The financial market volatility factor has small and transient impacts on ttesiing yield curve,
but strongly positive and persistent impacts on the credit spreadssatm®svhole term structure.
Therefore, although increasing financial market volatility has only small énpa the benchmark

yield curve, it widens the credit spread, more so at long maturities and tow iclasses.

When we further decompose each credit rating class into two industrysefit@ncial and corpo-
rate, we find that the credit spreads in the financial sectors are cag@vwtder and more volatile than
the spreads in the corporate sector, especially at lower rating group$iefnore, the credit spreads

in the financial sector also respond more strongly to changes in economitedima

This paper integrates the strength of two strands of extant literature: déhemec intuition of re-
gression analysis on observed variables and the internal consisteheydgnamic term structure mod-
eling. Our results show great synergy from the integration, and abupdéential for future research.
First, a dynamic factor model can be used in many research areas dii@ntefvay to reduce noise
and strengthen the signal content of many explanatory variable chénstead of choosing one over
another, a dynamic factor model allows us to include them all, with the informatierefi out from
the factors. This approach becomes more important with the increasingbditsilaf large amounts
of data. Second, no-arbitrage arguments can be used to add discipmendc rigor, and internal
consistency in many applications of factor analyses. The no-arbitragelimgditerature is long and
well established, but linking it to observable economic fundamentals is oibretscent stage, leaving
wide open opportunities for future explorations, not only for linkagews/een interest rates/exchange
rates and aggregate economic factors, but also for linkages betwegmrate bonds/stocks and firm

level fundamentals.
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Tablel
Extracting Systematic Dynamic Factors From M acroeconomic and Financial Data

Entries report the estimates and the absolute values dfdtatistics (in parentheses) of parameters
(H) that link each observed data series to the three systematic dynamic f&atoies undeH; denote
the loadings of each series on tile factor. Entries undelRY report the measurement error variance
estimates anttstatistics for each series. The last column (PV) reports the predictedioarof the
factors on each series, defined as one minus the ratio of the forecastingagiance over the variance
of the original series. The parameters are estimated with maximum likelihood meatidol{alman
filtering using macroeconomic and financial data series listed below. Theoatatromic data are

from the Federal Reserve Board, the volatility series are downloaded Bloomberg. The sample
period is from January 1988 to June 2004.

Series Hi Ha Hs RY PV
CPI 0.439 (6.45) — — — 0.081 (4.20) 0.891
Core CPI 0.415 (4.06) — — — — 0.181 (4.80) 0.841
PPI 0.316 (2.92) — — — — 0.523 (3.58) 0.424
Core PPI 0.403 (7.45) — — — — 0.224 (8.39) 0.767
PCE Deflator 0.454 (8.47) — — — — 0.020 (4.47) 0.949
Core PCE Deflator  0.424 (4.44) — — — — 0.143 (3.67) 0.857
GDP deflator 0.437 (7.81) — — — — 0.085 (4.40) 0.929
Real GDP — — 0.277 (5.67) — — 0.399 (4.48) 0.571
Industrial Production — — 0.299 (8.43) — — 0.314 (7.89) 0.641
Non-farm Payrolls 0.169 (4.50) 0.379 (10.7) — — 0.000 (0.00)0.988
Real PCE — — 0.228 (6.89) — 0.548 (7.32) 0.449
VXO — —

— 0.391 (14.0) 0.000 (0.00) 0.987
VIX - = 0.379 (13.6) 0.020 (4.60) 0.974
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Tablell
Time Series Dynamics of the Economic Factors

Entries report the parameter estimates and the absolute values-statistics (in parentheses) on time-
series dynamics of the three economic factors. The dynamics are estimatedaxithum likelihood
method and Kalman filtering with 13 macroeconomic and financial data seriesm@broeconomic
data are from the Federal Reserve Board. The volatility series ardalded from Bloomberg. The
data are monthly from January 1988 to June 2004.

Dynamic FactorsX) Kin: dX = —kXdt4dW

Inflation 0.1139 0 0
(0.62) — —

Real Output 0.4891 0.2007 0
(2.71) (1.58) —

\Volatility 0.1484 -0.1790 0.0625
(1.00) (1.42) (0.49)
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Tablelll
Summary Statistics of Treasury Yields

Entries report mean (‘Mean’), standard deviation (‘Std’), skewr{&dsew’), kurtosis ('Kurt’), and
monthly autocorrelation (‘Auto’) of the continuously compounded Treagieids at different maturi-
ties. Data are monthly from January 1988 to June 2004, obtained fronetlezdt Reserve Board.

Maturity Mean Std Skew Kurt Auto

3m 4777 2.081 -0.120 -0.580 0.986
6m 4.887 2.114 -0.183 -0.571 0.986
ly 5.083 2.090 -0.244 -0.525 0.985
2y 5.395 1.953 -0.273 -0.438 0.981
3y 5.636 1.821 -0.246 -0.417 0.978
4y 5.833 1.715 -0.195 -0.457 0.976
5y 6.002 1.632 -0.135 -0.531 0.975
6y 6.149 1.565 -0.074 -0.618 0.974
7y 6.278 1.510 -0.016 -0.702 0.973
8y 6.391 1.464 0.037 -0.775 0.973
9y 6.491 1.424 0.085 -0.835 0.973
10y 6.578 1.389 0.126 -0.883 0.973
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TableV
Summary Statistics of Credit Spreads on Corporate Bonds

Entries report mean, standard deviation, and monthly autocorrelation ofgti¢ spreads on corporate
bonds at each maturity and credit rating class. The spreads are daditieel difference in percentage
points between continuously compounded spot rates at a certain ctedjtgeoup and the correspond-
ing Treasury spot rates. Corporate bond spot rates are extratgdNedson-Siegel method from the

corporate bond data. Data are monthly from January 1988 to June @adned from the Federal
Reserve Board and Merrill Lynch.

Maturity 1 2 3 4 5 6

Sample Mean

AAA 0.714 0.713 0.735 0.754 0.762 0.760 0.751 0.737 0.720 0.703

AA 0.749 0.747 0.772 0800 0.821 0.833 0.837 0.836 0.830 0.823
A 0.890 0.937 0993 1.039 1.070 1.088 1.096 1.095 1.090 1.081
BBB 1519 1472 1480 1509 1539 1565 1584 1598 1.606 1.611
BB 3.828 3.320 3.079 2985 2969 2990 3.027 3.067 3.104 3.136
B 6.068 6.389 6.456 6.362 6.191 5.984 5.762 5531 5.297 5.061

Sample Standard Deviation

AAA 0.392 0.298 0.290 0.302 0.311 0.314 0.315 0.315 0.315 0.315

AA 0.263 0.255 0.270 0.280 0.288 0.295 0.303 0.311 0.320 0.330
A 0.305 0.327 0.346 0.350 0.350 0.348 0.348 0.351 0.356 0.362
BBB 0.555 0.606 0.621 0.614 0.596 0.575 0.555 0.538 0.526 0.517
BB 2167 1508 1241 1143 1109 1.102 1.114 1138 1.170 1.207
B 4789 4.232 4184 4030 3.734 3.355 2942 2531 2.157 1.863

Monthly Autocorrelation

AAA 0920 0.949 0966 0971 0.972 0972 0.972

0.970 0.967 0.963
AA 0.908 0.940 0.951 0.956 0.960 0.963 0.965 0.966 0.965 0.964
A 0.925 0.954 0960 0.962 0.963 0.963 0.964 0.964 0.963 0.962
BBB 0916 0.955 0.965 0.968 0.968 0.968 0.967 0.966 0.964 0.962
BB 0.813 0.891 0.926 0927 0.924 0.924 0926 0.926 0.924 0.920
B 0.660 0.833 0911 0932 0936 0935 0931 0925 0.913 0.891
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TableV
Predictive Power of the Dynamic Economic Factorson the Term Structure of Treasury Yields
and Credit Spreads

Entries report the predicted variation (PV) of the dynamic factors on teastry yields and and cor-
porate credit spreads, defined as one minus the ratio of the forecastingagiance to the variance of
the Treasury spot rate and corporate credit spread, respecfivelysury yields and credit spreads at
each rating classes are forecasted by three economic factors agdordimo-arbitrage dynamic term
structure model. The forecasts are made according to the estimated fazaonidy.

Maturity 1 2 3 5 5 6 7 8 9 10

Treasury 0.754 0.739 0.725 0.719 0.718 0.720 0.721 0.721 0.720 0.718
AAA 0.224 0.564 0.672 0.644 0594 0548 0511 0.484 0.467 0.457

AA 0.436 0.544 0.525 0.477 0.426 0.387 0.365 0.356 0.352 0.346
A 0.406 0.535 0.511 0477 0442 0.411 0.385 0.367 0.354 0.343
BBB 0.389 0.585 0.643 0.658 0.649 0.626 0.594 0559 0.522 0.486
BB 0.329 0470 0.492 0.464 0.457 0479 0516 0.553 0.582 0.600
B 0.338 0.581 0.591 0.561 0.539 0529 0525 0.521 0.506 0.460
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Table VI
M arket Prices of Economic Risk

Entries report the parameter estimates and absolute magnitudestesdt#tistics (in parentheses) on
market prices of economic factor risks that, joint with the time series dynamicahite Tl, determine
the risk-neutral factor dynamics. The parameters are estimated froraufyegelds and corporate
credit spreads at each of the six credit rating clasgedenotes the constant component of the market
price of the factor risks, which determines the constant component agkaeeutral drift of the factors.

k2 = k 4 y1 defines the mean-reverting property of the dynamic factors under thaeiskal measure,
with y; denoting the proportional component of the market prices. The paravateestimated with
maximum likelihood methods, using Treasury yields and corporate bond spedads, respectively.
Data are from the Federal Reserve Board and Merrill Lynch, montbiy franuary 1988 to June 2004.

Yo K

Treasury Yield

0.0115 (0.08) 0.0117 (0.13) 0 - 0 -

-1.7951  (2.32) 0.3328 (0.66) 0.3481 (9.22) 0 -

3.5003 (1.42) -0.9021 (0.54) -0.1689 (0.63) 0.7241 (125)
Credit rating group: AAA

0.1009 (0.15) 0.0022 (0.17) — — — —

-3.5325 (6.52) 0.2862 (1.41) 1.1672 (4.46) — —

49724  (0.82) -0.1839 (0.36) -2.2665 (3.71) 0.1022 (10.29)
Credit rating group: AA

-1.2959 (10.56) 0.1038 (9.16) — — — —

-1.5492  (4.55) -0.0464 (0.49) 0.4035 (5.20) — —

7.9824 (20.38) -0.0720 (0.51) -0.3207 (1.89) 0.0959 (19.11
Credit rating group: A

-0.2805 (0.19) 0.0877 (0.09) — — — —

-1.9276  (0.57) 0.0683 (0.03) 0.3890 (1.89) — —

2.9054 (0.17) -0.2062 (0.02) -0.1850 (0.42) 0.1636  (7.55)
Credit rating group: BBB

-0.4496  (0.42) 0.0495 (0.11) — — — —

-2.5961 (1.08) 0.1104 (0.06) 15610 (0.89) — —

3.0067 (0.41) -0.0113 (0.00) -1.3348 (0.69) 0.1651 (5.50)
Credit rating group: BB

-0.9907 (0.69) 0.0054 (0.32) — — — —

-0.8301 (0.13) 1.0995 (0.56) 0.2557 (0.33) — —

3.6565 (0.63) -0.6077 (0.71) 0.0180 (0.05) 0.0178 (0.42)
Credit rating group: B

-0.8123  (0.17) 0.0042 (2.99) — — — —

-1.9412  (0.16) 0.9220 (1.16) 0.4502 (0.63) — —

3.2056 (0.18) 0.7934 (4.91) -0.1414 (0.98) 0.0054 (1.08)
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Table VI
The I nstantaneous Default-Free I nterest Rate and Credit Spread Functions

Entries report the parameter estimates and absolute magnitudestedtdtistics (in parentheses) on
the instantaneous default-free interest rate function and the instansacredlit spread function under
different rating classes. The paramedelanda; re the corresponding intercepts adndandb; are the

corresponding loading vector on each of the three factors. The ptmenzge estimated with maxi-
mum likelihood methods and Kalman filter, using corporate bond yield spreadsie corresponding
Treasury yield at maturities from one to ten years. Data are monthly fromadad988 to June 2004,

obtained from the Federal Reserve Board and Merrill Lynch.

Ratings Treasury AAA AA A BBB BB B

Intercepts & /a;)  0.0486 0.0000 0.0053 0.0063 0.0100 0.0345 0.0724
(56.3) (0.88) (7.42) (4.23) (191) (298) (0.29)
Factor Loadingsk /b;):
Inflation 0.0107 0.0020 0.0011 0.0011 0.0007 -0.0008 0.0070
(18.1) (4.11) (4.88) (1.25) (0.23) (0.41) (224)
Real Output 0.0073 0.0014 0.0002 -0.0001 0.0012 -0.0052 -0.0126
(23.8) (2.01) (1.20) (050) (0.29) (5.86) (4.54)
Volatility 0.0025 -0.0006  -0.0006 -0.0002 0.0002 -0.0005 0.0006
(31.1) (12.69) (210.93) (2.29) (1.34) (21.77) (4.57)
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Economic Factors

Figure 1. Time series dynamics of economic factors. The solid line denotes the time series of the
extracted inflation factor, the dashed line denotes the time series of thetedtraal output growth
factor, and the dash-dotted line denotes the financial market volatility factor
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Treasury Yield, %
Treasury Yield, %
U1

Maturity, Years

Figure 2. Time series and term structure of Treasury yields. Lines in the left panel plot the time
series of Treasury yields at different maturities from three months to s ykines in the right panel
plot the term structure in each month, with the bold solid line denoting the mean tirerctuse. Data
are from the Federal Reserve Board.

42



Credit Rating: AAA

Credit Rating: AA

400 400
BEOf ot ] BBO
300 300 E
[%2] 1%
j=3 Q.
@ 250} @ 250} E
o =}
IS IS4
[} [}
<% S 200 E
2] 2]
g 5
o 4 b
O [S)
Credit Rating: A Credit Rating: BBB
400 r r T T T
350F E
300 E
[%2] [%2)
j=3 Q.
[ M ]
k=] k=]
[ [
[ [
S S E
2] %)
E =
o 4 b
6] O
0 ; ; ; ; ; ;
90 93 95 98 01 04
Credit Rating: B
1200 3500, T T
o 800F i 4 o
M M
k] T 2000 .
[
5 600} {g
2] 2]
= = 1500 1
=} o
2 4
G 400H] 4 G
1000} |- 1
200 A e 500 ]
0 A A A A A A 0
90 93 95 98 01 04

Figure 3. Time series of credit spreads on corporate bonds. Lines denote the time series of credit
spreads. Each panel is for one credit rating group. The ten lines inpea®| denote ten maturities
from one to ten years. Data are monthly from January 1988 to June @btdned from the Federal

Reserve Board and Merrill Lynch.
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Figure 4. Term structure of credit spreads on corporate bonds. Lines denote the term structure
of corporate credit spreads at different times. Each panel is focauit rating group. Each line is

for one month from January 1988 to June 2004, obtained from the #ldRieserve Board and Merrill

Lynch. The bold line in each panel represents the mean term structure.
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Figure 5. Mean treasury yield curve and factor loadings. The left panel plots(t) /1, which deter-
mines the mean spot rate curve for the Treasury bond. Lines in the rigél plat the three elements
of b(t) /1, which measure the contemporaneous response of Treasury sgadbratet shocks on the
three macroeconomic and financial factors.
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Figure 6. Contemporaneous response of the term structure of credit spreads to unit shocks on

the dynamic economic factors. Lines denote the contemporaneous response of the term structure of
credit spreads at different credit rating classes to unit shocks dhridseeconomic factors. Each panel
denotes one credit rating group. In each panel, the solid line denotes thetiaffthe inflation factor,

the dashed line denotes the impact of the real output growth factor, addshedotted line denotes the
impact of the financial market volatility factor.
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Figure 7. Time series of credit spreads across industry sectors and credit rating classes. Lines

denote the time series of credit spreads. Each panel is for one crilif ckass and industry sector.
The ten lines in each panel denote ten maturities from one to ten years. Batathly from January

March.
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Figure 8. Contemporaneousresponse of theterm structure of credit spreadsto unit shockson the
economic factors. Lines denote the contemporaneous response of the term structureliobpreads
at different credit rating classes to unit shocks on the three macroegomnd financial factors. Each
panel denotes one credit rating group and industry sector. In eax, phe solid line denotes the
impact of the inflation factor, the dashed line égnotes the impact of the rgaltarowth factor, and
the dash-dotted line denotes the impact of the financial market volatility factor.
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