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Introduction to Yield Curve Forum
by Kenneth A. Kent, FSA, FCA

The concept of using a corporate bond yield
curve for valuating pension plan liabilities explod-
ed on the scene when the federal administration
proposed using the yield curve as a means to
replace the 30-year Treasury rate.  

For many of us, our familiarities with the yield
curve are associated with learning about forward
rates and spot rates during our period of exam
taking, but we have not worked with valuation
systems that call for its direct application.  And, it
is clear the administration’s approach of applying
a corporate yield curve to a simple cash flow
stream is more easily said than done when work-
ing with complex, multi-decrement models com-
mon among pension valuation systems.  Nor may
they be fully considering the implications on
interest-sensitive benefits and rights common in
today’s pension plans.

What is of concern to members of the Society of
Actuaries Pension Section Council is that actuar-
ies have an understanding of the development of
a corporate bond yield curve, including:

• The market basket of securities used to develop
the curve,

• The quality of these securities,
• How the curve responds to changes in short-

and long-term rates and
• How callable bonds are used and their impact

if they are excluded from the curve structure.

Another important question is, if the corporate
bond yield curve is the benchmark for liability
calculations for pension funded status, can a sim-
ilar portfolio of securities be purchased to hedge
against interest rate risk?

As a first step in addressing the lack of literature
that addresses this index as a viable market index
to measure pension plan solvency, the Pension

Section Council called for a paper to present a
review and analysis of the yield curve and the
securities used to develop the curve.  We are
pleased to present the results of our search with
the first paper in this forum, “Understanding the
Corporate Bond Yield Curve,” by Holger
Höfling, Rüdiger Kiesel and Gunter Löffler.

To accompany this centerpiece, we also include
two papers that address some of the complex
applications of a yield curve to benefits and valu-
ations.  Dick Wendt’s paper, “Valuation of
Pension Obligations with Lump Sums,” provides
insight into how to apply the curve in the valua-
tion of lump sums. The yield curve could also
offer some use as a tool in the valuation of
expense under FAS 87 and FAS 106, as presented
in the third paper prepared by Ron Iverson, Heidi
Rackley, Steve Alpert and Ethan Kra titled,
"Durational (Select & Ultimate) Discount Rates
for FAS 87 &106 Valuations."

The appropriate application of the corporate
bond yield curve may be debated for some time,
even if it is ultimately deemed an appropriate
means of measuring plan solvency.  Regardless of
debate, analysis of the yield curve offers insight
into the valuation of liabilities as they relate to
market interest rates and, accordingly, will contin-
ue to be of interest in relation to actuarial valua-
tions of pension liability. 

Please note that while we did not solicit discus-
sants for this forum prior to publication, anyone
wishing to discuss this forum further may send
comments to the Pension Section News for publi-
cation. On behalf of the members of the Pension
Section Council, I would like to thank all of the
contributing authors for their participation in
this forum.
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1. Overview: Issues in Constructing the
Corporate Bond Yield Curve

The discontinuation of the 30-year Treasury rate
made it necessary to introduce a new interest rate
for valuing liabilities of pension funds.  Current
legislation proposes using a yield curve estimated
from corporate bond data for this purpose.

In the literature several models are discussed that
can be used to estimate yield curves: government
and corporate.  These methods are well docu-
mented and easy to use, provided that the neces-
sary data are available.1 The main differences in
the estimation procedure between corporate and
government bond yield curves are due to issues
regarding the availability and quality of the data
sets used for estimation purposes. 

1.1 Government Bond Yield Curve  

The U.S. government bond market is very liquid,
resulting in price quotes that are accurate and up
to date.  The number of available issues is high
and dense with respect to time and maturity, so
that for every time to maturity, there is a bond
that matures very close to it.  Especially important
is that for government bonds there is almost no

default risk and all bonds are from one issuer so
that uncertainty about date and amount of pay-
ments is reduced.   Also, most government bonds
do not have any special provisions such as call fea-
tures, making it possible to use only bonds with-
out options for the estimation process.  In sum-
mary: since the quality of data sets available for
U.S. government bonds is very high, yield curve
estimation can be done with high accuracy.  

1.2  Construction of a Corporate Bond
Yield Curve

The situation is different for corporate bonds.
Compared to the U.S. government yield curve,
several important new factors that influence the
corporate bond yield curve arise.  The most
important of these factors is the default risk, that
is, the risk that the issuing company is not able (or
not willing) to fulfill their obligations to pay
coupons and/or pay back the face value of the
bond.  Since corporate bond holders face this
default risk (which may be significant in the case
of low-rated issuers), they ask for a premium to
compensate for bearing it.  Further issues are a
lower liquidity of the market so that an investor
has the risk of not being able to sell at every point

Understanding the Corporate Bond Yield Curve
by Holger Höfling, University of Ulm

Rüdiger Kiesel, University of Ulm and LSE
Gunther Löffler, University of Ulm

Abstract

This paper discusses the construction of the corporate bond yield curve and possible 
applications to pension valuation.  The first part addresses the mathematical theory and tools
needed to extract the yield curve from corporate bond data and the issues that arise in
contrast to the Treasury yield curve. Next,  specific problems concerning the construction of
the curve are explored, for example, the number of bonds available, the quality at different
durations, etc. In the last part questions arising when applying the yield curve to pension
valuation are discussed.

1 A short introduction to these models can be found in the Appendix.
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in time, different tax regulations for government
and corporate bonds, and a larger share of bonds
with call provisions or other special features.  As
corporate bonds face more risk factors, investors
will ask for a premium for taking on these risks.
Section 2 will discuss empirical results of the
importance of these risks factors and the size of
their contribution to the difference between the
corporate and government bond yield curve (the
credit spread).  It will also briefly discuss bonds
that include options, especially call options.

For constructing the yield curve, the data have to
be sorted by the default risk of the company and
whether the bonds include special options.  Data
on how many bonds are available for the different
default risk classes — with and without options
— and how the time to maturity is distributed are
given in Section 3.  After that, the quality of the
yield curve, its behavior with respect to the inter-
est rate environment, and the slope of the curve
are discussed.  The section ends with a discussion
on bond indices and how they could be used to
make valuation easier for small pension funds, as
well as a description on alternative data sources
for construction of a yield curve. 

1.3 Application to Pension Funds 

Section 4 discusses how the corporate bond yield
curve might be applied in pension valuation and
estimates what the effects would be in contrast to
current legislation.  Particular issues are interest-
sensitive payment forms, cash-balance plans, and
embedded options.  It also discusses theoretical
issues in smoothing rates of a corporate bond
yield curve.  

2.Credit Spread 

When comparing a corporate and a government
bond yield curve, one notices that the corporate
bond yield curve is significantly higher than the
government bond yield.  The difference between
these two curves is called the credit spread.  The
interest rate on government bonds is seen as the

riskless interest rate, so that the credit spread can
be viewed as the premium that investors ask for
because of additional risks of corporate bonds.
This section will first discuss the size of the cred-
it spread, then give possible explanations and
evaluation their importance.  

2.1 Size of the Credit Spread

When estimating the yield curve for corporate
and Treasury bonds, the yields on corporate
bonds are significantly higher. One of the main
reasons for this observed credit spread are credit
risk and a risk premium that investors ask for tak-
ing on this risk.  Here credit risk refers to the pos-
sibility that a company might default or that the
rating of the company worsens, so that the bond
loses value.   Further factors responsible for the
spread are options included in the bond,
decreased (as compared to Treasury bonds) liquid-
ity, and taxes.

The relative importance of these factors is the
topic of ongoing research. To study the impact of
credit risk one may sort the bonds by ratings
according to one of the major rating companies
such as Standard & Poor's or Moody's. However,
ratings for companies in different sectors are not
comparable, so one also has to distinguish by the
economic sector of a company, for example finan-
cial or industrial. The impact of other factors may
be taken into account by using only noncallable
bonds, by eliminating all bonds with an issue size
below a certain amount and by eliminating bonds
with less than one year to maturity. Also, one
should consider only bonds that are included in a
major bond index to make trader quotes more
reliable. Table 1 is taken from Elton et al. (2001)
to illustrate the size of the credit spread and how
it varies with rating class, time to maturity, and
industry sector. 
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The data are average spot rates from 1992 to
1996, computed using bond data from the Fixed
Income Database at the University of Houston.
For more information on how the estimates were
obtained see Elton et al. (2001).

While looking at the spreads, one notices how dif-
ferently the credit spread changes with the rating
category for financial and industrial bonds.  For
rating categories AA and A, the spread for indus-
trial bonds is smaller; however, for BBB the
spread for financials is smaller.  One explanation
for this behavior is different probabilities for cred-
it rating changes.  Nickell, Perraudin, and Varotto
(1998) show in their analysis that the probability
for downgrades for AAA, AA, and A is higher for
financial than for industrial bonds, and the prob-
ability for upgrades is about the same.  For BBBs
it is the other way around: the probability for
upgrades is higher, and the downgrade probabili-
ty is almost identical.  Another consideration is
the low number of bonds issued by BBB financial
companies (see Table 4).  This also has been noted
in Nickell, Perraudin, and Varotto (1998) and
attributed to problems of running a bank if market
confidence in the institution is low.  Regulatory
requirements might be another reason for the dif-
ferent credit rating transition probabilities.

2.2 Callability
Like Treasury bonds, corporate bonds are fre-
quently callable, and this option in the bond
changes the price. As this option is an additional
risk for the bond holder, he or she wants a 
yield premium. Therefore, before constructing a
yield curve the "option to call" has to be priced,
and the yield curve should be adjusted according-
ly. However, trying to account for the call option
price is difficult and could introduce significant
additional noise to the price of the bond. For
recent advances into pricing of callable debt and
some empirical analysis, see, for example, Berndt
(2003), King (2002), and Duffee (1998).

Duffee (1998) states that callable bonds are much
more sensitive to interest rate movements than are
noncallable bonds. In his study he found that the
credit spread on corporate bonds decreases with
an increasing interest rate. As a call option on
debt has a lower value for the issuer with rising
interest rates, the spread on callable bonds
decreases faster for increasing interest rates than it
does for noncallable bonds. 

King (2002) empirically analyzes the behavior of
call option values in relation to the height and
slope of the yield curve, interest rate volatility,
industry group, rating of issuer, callable period or

Table 1

Credit Spread by Time to Maturity and Rating Class

Maturity Treasury Spot Rates Financial Sector Industrial Sector

AA         A          BBB AA         A        BBB

2 5.265 0.467 0.582 0.857 0.392 0.536 1.022

3 5.616 0.501 0.640 0.899 0.396 0.580 1.070

4 5.916 0.511 0.676 0.928 0.406 0.606 1.072

5 6.150 0.512 0.701 0.948 0.415 0.623 1.062

6 6.326 0.511 0.718 0.962 0.423 0.634 1.049

7 6.461 0.510 0.731 0.973 0.429 0.642 1.039

8 6.565 0.508 0.740 0.981 0.434 0.649 1.030

9 6.647 0.507 0.748 0.987 0.438 0.653 1.022

10 6.713 0.506 0.754 0.993 0.441 0.657 1.016
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not, and call strategy of the issuer.  All of these
factors have a significant influence on the price of
the call option.  The height and slope of the yield
curve especially are important.  For example,
when the short-term interest rate is about 3-4%,
the yield curve has a steep slope, and interest rate
volatility is high, the value of the call option is
about 7.15% of the par value of the bond if the
bond is in its callable period.  On the other hand,
for high short-term interest rates (>7%), flat yield
curves, and low interest rate volatility, the value of
the call option is about zero.  However, call values
are generally low if the remaining call protection
period is longer than one year.  This shows that to
use callable bonds for yield curve estimation,
some care and an estimate of the yield curve is
needed.  Several models are available that could
be used to compute theoretical call option values.  
Because of these problems, callable bonds are usu-
ally excluded from estimation of yield curves in
the scientific literature. The problems in valuing
put options are similar, although the question has
not been addressed as much as for call options.
As the value of convertible bonds depends on the
value of the underlying stock, these bonds are
usually excluded as well. In our data set, about
one-third of the bonds were callable.  More infor-
mation can be found below.

2.3 Default Risk

Corporations face a significantly higher default
risk than do governments, which introduces a sig-
nificant default risk for corporate bonds and has
the effect that they are traded with a price dis-
count in comparison to otherwise equivalent

Treasury bonds. This discount varies from corpo-
ration to corporation because of different default
risks. For estimating the yield curve, companies
should have a comparable risk class. One way to
do this is to use rating classes as an indicator for
default risk. Then the estimation of the yield
curve is made using only bonds of companies
with a certain rating category, say, AA or A, pro-
vided by one of the major rating companies.

When valuing liabilities, one should also account
for default risk. When investing the amount
equivalent to discounted liabilities, one probably
would not be able to service the liabilities because
some bonds in the portfolio will default. In Elton
et al. (2001) the authors suggest a simple method
to estimate the rate spread due to default risk.2

However, as Elton et al. (2001) find, only about
10% of the credit spread for AA-rated companies
is due to default risk, 20% for A-rated and 40%
for BBB-rated bonds. The credit spread due to
default risk assuming risk neutrality and no tax
effects as estimated by Elton et al. (2001) can be
found in Table 2.  The credit spreads after adjust-
ing for this default risk are shown in Table 3, and
a graphical comparison of spot rates for Treasury
and A-rated industrial bonds is shown in Figure 1.
These findings are qualitatively confirmed by the
more extensive analysis in Huang and Huang
(2003). They calibrate most commonly used and
analytically tractable structural credit risk models
to historical data and calculate the percentage of
credit spread due to credit risk (including a pre-
mium for taking on this risk) explained by the

2 Let a be the constant fraction of the face value of the bond paid upon default. Let Pt be the probability of default in period t
conditional on no default earlier. Let C be the constant coupon of the bond with face value 1, and rC      and rG denote the cor-
porate and government forward rate from period t to t + 1 , where the government rate is known. Then the rate spread due to
default risk can be obtained recursively using the equations

where VtT denotes the value of the bond at time t, maturing at T. The probabilities and the recovery fraction are taken from
transition matrices and recovery fraction tables provided by the major rating companies. The government rate is obtained by
yield curve estimation using government bond data.  Of course, there are several other ways to account for this default risk.
Another possibility would be to use a structural or reduced form model. For an extensive empirical analysis using structural mod-
els see Huang and Huang (2003). For an introduction to structural and reduced form models see Bingham and Kiesel (2004).

tt+1 tt+1
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models. They find that for bonds with an AAA,
AA, or A rating and 10 years to maturity, the
credit spread implied by these models is only
about 20% of the actual observed credit spread.
For BBB-rated bonds, this percentage increases to
30%. The percentage explained increases for
lower-rated companies and decreases for bonds
with shorter maturities.  

Kiesel, Perraudin, and Taylor (2003) point out
that especially for an investment-grade bond
portfolio, changing credit quality (due to rating
changes) has a significant impact on the observed
credit spreads. This shows that even if the yields
are adjusted for default risk, which should be
done for valuing liabilities, the majority of the
credit spread remains.
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Table 2

Amount of Credit Spread Due to Default Risk Assuming Risk Neutrality and No Tax Effects

Maturity AA A BBB Maturity AA A BBB

1 0.000 0.043 0.110 2 0.004 0.053 0.145

3 0.008 0.063 0.181 4 0.012 0.074 0.217

5 0.017 0.084 0.252 6 0.023 0.095 0.286

7 0.028 0.106 0.319 8 0.034 0.117 0.351

9 0.041 0.128 0.380 10 0.048 0.140 0.409

Table 3

Credit Spread after Adjusting for Default Risk 

Maturity Treasury Spot Rate Financial Sector Industrial Sector

AA            A          BBB AA            A         BBB

2 5.265 0.463 0.529 0.712 0.386 0.483 0.877

3 5.616 0.493 0.577 0.718 0.388 0.517 0.889

4 5.916 0.499 0.602 0.711 0.394 0.532 0.855

5 6.150 0.495 0.617 0.696 0.398 0.539 0.807

6 6.326 0.488 0.623 0.676 0.400 0.539 0.763

7 6.461 0.482 0.625 0.654 0.401 0.536 0.720

8 6.565 0.474 0.623 0.630 0.400 0.532 0.679

9 6.647 0.466 0.620 0.607 0.397 0.525 0.642

10 6.713 0.458 0.614 0.584 0.393 0.517 0.607

Figure 1—Spot Rates for Treasury Bonds and A-Rated
Industrials, with and without Default Risk Adjustment

67411.qxd  3/10/05  4:10 PM  Page 6



THE PENSION FORUM

7

2.4 Liquidity

Two sources of pricing errors are related to bond
liquidity. The first is a price discount for corpo-
rate bonds that do not have much liquidity. For
bond holders, lack of liquidity introduces the risk
that they might not be able to sell the bond at the
time they want to. For this risk they expect a pre-
mium, which leads to a discount on the price.
The second kind is called a stale price error. The
bond prices usually are averages of dealer quotes.
For bonds with a low liquidity, dealers might not
update their quotes regularly because there is not
much business to attract. This can result in prices
that no longer reflect the market prices. Recently
several papers have addressed these problems.

Diaz and Skinner (2001) regress yield errors of
their analysis on proxies for liquidity like issue size
and relative age of the bond. They show that the
issue size is not a significant proxy for liquidity,
which they attribute to the fact that they used
only bonds included in the Lehman Brothers
indices. These bonds must have a minimum issue
size of 50 Mill.$ (starting 1989). The relative age
of the bond, however, is clearly significant for the
pricing error. For bonds that are close to maturi-
ty, the credit spread increases by several basis
points (2-5 basis points per standard deviation
change in relative age).

Another analysis was conducted by Perraudin and
Taylor (2002). They find that liquidity plays an
important role in determining credit spreads and
that a substantial portion of the credit spread (up
to 30 basis points, which is 30% to over 50%
depending on rating class) for investment-grade
bonds can be attributed to it. However, it is hard
to find exact figures on how much of the credit
spread can be attributed to liquidity. Often papers
state just that the liquidity proxies are significant,
but not the size of their effect.

2.5 Taxes

Another source for credit spreads is taxes.
Treasury bonds are subject only to federal taxes,
while corporate bonds are also subject to state
taxes. As an investor earns only interest reduced
by taxes, the lower earnings on otherwise equiva-
lent bonds due to taxes lead to a premium for cor-
porate bonds. Detailed information on how the
authors adjust for taxes can be found in Elton et
al. (2001), Delianedis and Geske (2001),
Perraudin and Taylor (2002), or McCulloch
(1971). We will just present some of the results of
Elton et al. (2001).

In Elton et al. (2001) the authors assume the
investor's federal tax rate to be tg = 35% and a
state tax rate of ts = 7.5%. This leads to a margin-
al state tax rate of ts(1 - tg) = 4.875%. This mar-
ginal tax rate minimizes the squared pricing error.
With these figures they estimate that the credit
spread due to taxes is about 35 basis points for all
maturities, which would explain about 55% of
the credit spread for AA-rated bonds, 35% for A-
rated, and almost 25% for BBB-rated. 

This shows that taxes account for a large part of the
corporate-Treasury spread — especially for high-
quality bonds. However, not all of the credit spread
is explained by default risk, taxes, or liquidity.

2.6 Risk Premium

The risk premium is the part of the credit spread
due to systematic market risk that cannot be
diversified. Widely used measures for this risk in
the equity market are the Fama-French factors
introduced in Fama and French (1993). Elton et al.
(2001) show that a large part of the spread after
accounting for default risk and taxes can be
explained by the Fama-French factors (between
two-thirds and 85%). Similar results are presented
in Perraudin and Taylor (2002) that also attribute a
large part of the remaining pricing error to system-
atic risk proxies, after adjusting for default risk, liq-
uidity, and taxes.
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