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This paper tests empirically whether pension information derived by accounting 

disclosures is priced in corporate bond spreads. The model builds on the literature on 

structural models of bond spreads initiated by Merton (1974) and is tested with US 

company and bond data for the period 2001-2003. A key conclusion is that unfunded 

pension liabilities are incorporated in credit spreads and the sensitivity of market spreads 

to defi cits is larger than the sensitivity to ordinary long-term debt. However this 

relationship is rather more complex than a linear monotonic function would suggest and 

there is some evidence that the bond market sees some residual risk even in funded 

obligations and gives lower weighting to off-balance sheet liabilities, while it does not seem 

to account for the asset mix of the pension plan. Finally, we test the model with UK and 

Japanese data and fi nd that these bond markets also appear to respond to pension 

liabilities, albeit with some differences from the US.
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1 Introduction1 Introduction
Numerous studies have considered 

the relationship between pension 

funding and corporate financial 

policy (see e.g. Sharpe, 1976; 

Treynor, 1977; Black, 1980; Bulow, 

1982; Bulow and Scholes, 1983; 

Ippolito, 1985, Pesando, 1985, Bodie, 

1986; Bodie, 1990) and the stock 

market valuation of pension or other 

long-term benefits liabilities (see e.g. 

Feldstein and Seligman, 1981; Bodie, 

1985; Bulow et al., 1985; Mittelstaedt 

and Warshawsky; 1993; Coronado 

and Sharpe, 2003; Picconi, 2004; Jin 

et al. 2004)). There are also some 

studies  (see Martin and Henderson, 

1983 and Carroll Niehaus, 1998)) 

which have investigated the bond 

market response to corporate 

pension liabilities by calibrating 

models of credit ratings. 

Whilst some previous studies 

(Coronado and Sharpe, 2003; 

Picconi, 2004) questioned the value 

transparency of the stock market 

when it comes to processing 

information derived by pension 

accounting data, no previous study 

has investigated whether the extent 

to which the bond market 

incorporates pension liabilities in its 

implicit assessment of company 

creditworthiness.

This paper tests whether pension 

information derived by accounting 

disclosures is priced in market spreads. 

The empirical model follows the 

literature on structural models of bond 

spreads initiated by Merton (1974).

Whilst the main focus is on the US, 

which is by far the largest and more 

liquid corporate bond market, UK 

and Japanese data are also examined. 

For most of the analysis a three-year  

Watson Wyatt panel of pension and 

accounting disclosures of Fortune 

1000 companies with defined benefit 

plans is matched with corporate 

spreads from Merrill Lynch invest-

ment grades and high yields indices.

The paper is organised as follows. 

Section 2 reviews structural models 
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robustness of the model to 

alternative specifications, Section 7 

presents some extension of the 

baseline model and implements it 

with data from other countries, 

Section 8 concludes.

of credit spreads, Section 3 reviews 

the literature on nature and market 

assessment of pension liabilities, 

Section 4 describe the data employed 

in the analysis, Section 5 presents 

the results using the baseline model 

specification, Section 6 assesses the 

2 Structural models of 2 Structural models of 
credit spreadscredit spreads

Structural models of default provide 

an intuitive framework to understand 

the theoretical determinants of credit 

spreads.  Merton (1974) derived a 

functional relationships linking up 

credit spreads, for a given maturity 

and risk-free interest rate, to only two 

input variables: the leverage ratio and 

the volatility of the firm’s operation.

More formally, the yield to maturity 

for corporate debt maturing at 

time T under the Merton model is 

given by:

 ytðTÞ ¼ � lnðDt

F
Þ

T
 (1)

where D
t
 is the price of corporate 

debt maturing at time T and F is its 

face value. The yield spread can then 

be expressed as:

 csðTÞ ¼ � 1

T
ln Nðd2Þ þ Vt

Fe�rT
Nð�d1Þ

� �

 (2)

where l ¼ Fe�rT

Vt
 is the promised 

payment (discounted to the present 

at the risk-less rate) to the current 

value of the firm ratio (or leverage 

ratio), e�rT is the price of a risk-less 

bond which promises a payment of 

1 dollar at time T (maturity date), 
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r is the instantaneous rate of interest, 

N(x) is the standard normal 

cumulative density function  and d
1
 

and d
2 
can be expressed as follows:

 d1 ¼ � � 1
2
�2T � logðlÞ� �
�

ffiffiffi
T

p
 (3)

 
d2 ¼ � � 1

2
�2T þ logðlÞ� �
�

ffiffiffi
T

p

where �2 is the variance (or 

volatility) of the firm’s operations.

As shown by Merton (1974), 

equations (2) and (3) imply a 

negative relationship between credit 

spreads and leverage, which means 

that raising debt exposure increases 

the cost of debt financing, as well as 

a negative relationship between 

credit spreads and the volatility of 

the firm’s operations. A modified 

version of the original Merton model 

has been extensively used by 

practitioners following the 

establishment of the widely known 

credit analysis provider Moody’s 

KMV (see Crosbie and Bohn, 2003).

Moreover, from Merton’s credit 

spread equation (2) and applying 

Ito’s lemma one can also derive an 

expression for the instantaneous 

equity volatility in function of 

leverage and firm volatility

 �E ¼ �
V

E

@E

@V
 (4)

which can be written as

 �E ¼ �Nðd1Þ
Nðd1Þ � lNðd2Þ  (5)

where E is the value of the firm’s 

equity �
E
 is the instantaneous 

volatility of the firm’s equity returns1

Since Merton’s 1974 paper, the 

literature on structural models has 

focused on improving the modelling 

framework by relaxing one by one 

the assumptions of the original 

model: constant term structure of 

interest rates (e.g. Shimko et al. 

(1993), Longstaff and Schwartz 

(1995) and Nielsen, Saa-Requejo and 

Santa Clara (1993)), single zero-

coupon bond debt structure (Geske 

(1977)), bankruptcy not allowed 

before maturity (first passage time 

models such as Black and Cox (1976) 

and Longstaff and Schwartz (1995)), 

constant volatility of the firm value 

process (Mason and Bhattacharya 

(1981) and Zhou (2001)) and 

endogenous default process 

(Anderson and Sundaresan (1996) 

and Mella-Barral and Perraudin 

(1997)). Whilst these models differ 

in the specification of the credit 

spread function and in the number 

of state variables, they all predict a 

negative relationship between 

corporate spreads and leverage (or a 

distance to default measure which is 

in turn expected to be closely 

associated with leverage).

Empirical studies on structural 

models such as Jones et al. (1984), 

Sarig and Varga (1989), Lardic and 

Rouzeau (2002) and Hull, Nelken 

and White (2004) supported the 

validity of the Merton model with 

real world data on credit spread 

levels. However, Dufresne et al. 

(2001) found structural models to 

explain only one quarter of credit 

spread changes and suggested that 

aggregate factors are more important 

than firm-level determinants of 

credit risk. The evidence is mixed on 

whether more complex structural 

models have greater predictive 

power than the simplified Merton 

framework: Anderson and 

Sundaresan (2000) found that 

endogenous default models provide 

a better fit to historical default 

probabilities than the Merton model, 

on the other hand Guoming Wei and 

Guo (1997) found the original 

Merton model to perform at least as 

better as Longstaff and Schwartz 

(1995). 

One of the problems faced by 

empirical tests of structural models 

is that key input variables such as 

leverage, firm value and volatility of 

firm’s operations are not directly 

observable. In particular, Merton’s 

original model assumes a simplified 

capital structure with a single zero 

coupon bond maturing at a given 

maturity date, while empirical 

implementations need to deal with 

complex structures with multiple 

liabilities maturing at different points 

in time. Different approaches have 

been taken by the existing literature 

to resolve this: for instance Dufresne 

et al. (2001), who tested the 

empirical predictions of structural 

models relied on a traditional debt to 

1  This follows Cossin and Pirotte (2001), chapter 16.

Technical paper  5



enterprise value2 ratio, while Lardic 

and Rouzeau (2002), who calibrated 

the Merton model to the French 

bond market, used a more complex 

methodology to work out a measure 

of firm market value3 and the face 

value of a hypothetical zero coupon 

bond with nominal value calculated 

as the sum of accounting aggregates 

and maturity equal to the weighted 

average duration of liabilities.

2  Enterprise value is defined as the sum of market 
value of equity and book value of debt.

3  Market value is worked out using a two 
equations system derived from the Merton model 
which requires the market value of equity and 
the volatility of the stock price as inputs.

3 Pension liabilities and the 3 Pension liabilities and the 
market: a literature overviewmarket: a literature overview

As discussed in the previous section, 

structural models predict a close 

relationship between corporate 

bond yields and firm leverage, 

which is a measure of the relative 

size of companies’ obligations 

towards bondholders and other 

creditors. The question here is 

whether pension liabilities arising 

from defined benefit pension 

plans should be included in an 

aggregate measure of firmwide 

obligations.

Defined benefit pension plans 

typically require companies to pay 

fixed pension benefits proportional 

to individual wages and length of 

service. Liabilities arising from the 

provision of such benefits are borne 

by the sponsoring company and in 

most cases there are segregated pools 

of capital or pension funds to secure 

them. There could also be a third-

party guarantee alongside segregated 

assets provided by an insurance 

company or, as it is the case in the 

US, by a central guarantee fund (the 

PBGC)4. There are also cases, 

4  Japan has a similar guarantee fund (Pension 
Guarantee Programme), while the UK 
Government has recently presented a proposal to 
create a PBGC-type central guarantee fund for 
defined benefit schemes (the PPF).
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particularly in countries like Japan 

or Germany, where pension liabilities 

are instead covered by book reserves 

rather than specifically earmarked 

assets (Gerke and Pellens, 2003).

There is a longstanding debate in the 

literature on the nature of pension 

liabilities and on whether they can 

be assimilated to other sets of 

financial liabilities. The two opposite 

extreme positions are summarised 

by Bodie et al. (1986): the 

“traditional perspective”, which sees 

pension funds as entirely separate 

entities from the corporation and the 

“corporate financial perspective”, 

which sees pension liabilities as 

another set of fixed financial 

liabilities for the firm. Friedman 

(1982) provided some empirical 

support to the “corporate financial 

perspective” by showing a link 

between balance sheet liabilities and 

unfunded pension obligations as well 

as between volatility of earnings, 

leverage and conservativeness in 

pension fund asset allocation. 

However, even accepting the 

“corporate financial perspective”, 

there is no consensus in the 

literature on how the economic 

liability arising from defined benefit 

pension funds should be computed, 

given that the buy-out cost of 

pension liabilities in the market is 

often unknown5.

The simplest approach that can be 

taken is the “consolidated balance 

sheet” model (Bulow et al., 1985) 

5  See Exley, Mehta and Smith (1997) for a 
discussion.

where pension liabilities are defined 

on a “quit” basis (what workers 

would receive if they individually 

quit the firm today) and accounted 

for as a corporate liability while 

pension assets are defined at market 

value and accounted for as an 

offsetting corporate asset. However, 

there are at least three important 

missing elements in such an 

approach: optionality features 

embedded in pension claims, labour 

contracts and institutional factors 

such as tax rules.

Optionalities were first explored by 

Sharpe (1976) in one of the first 

attempts to investigate the link 

between pension funding policy and 

corporate financial management. The 

paper assumes that corporations are 

in principle not liable for any 

shortfall between liabilities when 

they fall due and the uncertain 

future value of pension assets6. 

Employees have therefore implicitly 

sold a put option and the company 

has implicitly bought a call option 

on the assets of the fund with a 

strike price equal to the future value 

of liabilities. Following this 

approach, the present value of 

company’s pension obligation 

towards employees would depend 

not only on the funding level but 

also on investment policy, which 

would impact upon the present value 

of the call option. Larger investments 

in equities through the pension plan 

6  This effect is particularly evident in the presence 
of a third-party guarantee (e.g. the PBGC): 
as argued by Bodie et al. (1986): in the US 
companies can shed their liabilities to the PBGC 
by paying the market value of the assets plus 
30% of the firm’s net worth.

would therefore increase the value of 

the option by raising embedded 

volatility and reduce pension 

liabilities. However, Sharpe assumes 

that workers would bid up their 

wages to compensate for this and the 

net effect would leave the value of 

the firm unchanged7.

Treynor (1977) extended Sharpe’s 

argument by constructing an 

economic balance sheet of the 

corporation with the pension claim 

discounted at the risk-less rate as a 

corporate liability, the pension asset 

as a corporate asset and the “pension 

put” against the pension claimants as 

another offsetting corporate asset, 

whose value is in function of the 

uncertainty surrounding the future 

value of two (often correlated) 

underlying assets: the employer’s 

equity (in economic terms) and the 

market value of the pension asset 

portfolio. In Treynor’s interpretation 

pension claims are not in principle 

different from conventional lenders’ 

claims, except the fact they have 

typically a much longer maturity (or, 

in his words, a longer “foreclosure 

time”).

However, considering the “pension 

put” effect in isolation, with the 

resulting implication that risky 

investments in the pension plan 

would reduce the underlying 

economic liability of defined benefit 

plans, could potentially be 

misleading. The relation between 

7  However, this assumption is quite controversial 
because in practice deferred members and 
pensioners, who do not earn wages, lack 
bargaining power.
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pension plan asset allocation and 

credit risk is a complex one. 

Companies cannot typically ditch 

their contractual pension liabilities 

and transfer the pension put asset to 

corporate borrowers unless they are 

insolvent and corporate debt is senior 

to pension claims8. Moreover, one 

could also argue that a risky 

investment strategy in the pension 

plan would increase firm-specific risk 

by raising the volatility of the firm 

value under an extended balance 

sheet. Black (1980) argued that equity 

investments in the pension fund 

represent a further source of 

company leverage because stocks 

tend to behave pro-cyclically causing 

pension contributions to rise when 

companies can least afford them.

Labour contract approaches 

incorporate the bargaining process 

between firms and employees in the 

model. Firstly, as argued by studies 

such as Treynor (1977), Bulow 

(1982), Ippolito (1985) and Pesando 

(1985), there is an alternative to a 

pure wind-up measure of pension 

obligation. If companies enter into 

long-term or lifetime contracts with 

their employees the economic 

liability arising from a defined 

benefit pension plan should allow for 

future salary increases, which will be 

reflected in pension benefits given 

that they are proportional to years of 

service and wages at retirement9. 

8 In the United States this is generally the case.
9  In addition to salary increases there are also other 
elements (in particular minimum vesting rules) 
which make the wind-up liability different from 
the liability calculated under the assumption that 
the plan will not be terminated and benefits to 
current workers will be paid at retirement.

Secondly, as part of the bargaining 

process between workers (or unions) 

and employers, employees may 

reclaim rights over surpluses in the 

pension asset portfolio. In Bulow and 

Scholes (1983)’s model part of the 

gain on the pension portfolio will 

find its way to workers, which 

effectively mean that only a portion 

of companies’ excess pension assets 

belong to the firm. Bodie (1990) 

followed this approach by including 

only the employer’s fraction of total 

pension assets in his version of the 

extended corporate balance sheet.

Finally, there are important 

institutional factors which can 

potentially affect the size of the 

economic liability of defined benefit 

pension plans. Tax rules are 

probably the most significant 

example, given that in the US (and 

several other countries) contributions 

made by companies to discharge 

their pension liabilities are tax-

deductible, whereas only interest but 

not principal repayments on other 

corporate debt are given the same 

preferential tax treatment (Dhaliwal, 

1986). Another example is the 

ranking of creditors in the event of 

insolvency, given that PBGC claims 

generally fall behind senior secured 

lenders.

Most empirical studies to test the 

implications of the “corporate 

financial perspective” have focused 

on “value transparency” or, in other 

words, on whether market players or 

the market incorporate pension 

liabilities in firm valuation. Studies 

such as Feldstein and Seligman 

(1981), Bodie (1985) and Bulow et al. 

(1985) showed that the equity 

market valuation of firms does take 

unfunded pension liabilities into 

account. Mittelstaedt and 

Warshawsky (1993) found that other 

off-balance sheet obligations, retiree 

health liabilities, affect stock prices. 

More recently, Jin et al. (2004) 

showed with US data for the period 

1993-1998 that CAPM betas reflect 

risk embedded in companies’ 

pension plans while Trivedi and 

Young (2004) concluded that 

pension plans’ equity investments 

in the UK could affect systemic 

financial stability and aggregate 

stock market volatility.

There are also studies which shed 

some doubts on perfect “value 

transparency” of the stock market. 

Complex and far from transparent 

disclosure rules for pensions may 

prevent investors from seeing 

through the accounting veil. Relevant 

papers here are Coronado and 

Sharpe (2003), which found that 

stock prices failed to properly 

incorporate the fair market value of 

sponsoring firms’ net pension assets, 

and Picconi (2004), which argued 

that the market seems to improperly 

weight the off-balance sheet liability 

disclosed in the footnotes. If the 

market pays more attention to 

accounting than economic reality, 

this could also explain why papers 

such as Bodie et al. (1986) and Thies 

and Sturrock (1988) showed that 

companies try to actively manage 

pension assumptions such as the 

8  Technical paper



and Scholes (1983)’s argument 

because excess pension assets and 

pension deficits were found to be 

asymmetrically associated with debt 

ratings with unfunded liabilities 

decreasing ratings more than an 

equal amount of assets would 

increase ratings. 

To our knowledge, no previous study 

has looked at actual bond prices or 

spreads instead of credit ratings. The 

latter is a significant limitation when 

it comes to drawing more general 

conclusions on bond market 

recognition of pension liabilities, 

because rating agencies’ opinions do 

not necessarily correspond to market 

judgement and also because ratings 

are categorical variables grouped into 

buckets, which make it impossible to 

differentiate across firms within a 

given category.

discount rate in order to improve 

their accounting numbers. 

Fewer studies looked at whether the 

bond market efficiently process 

pension-related information. Among 

those, Martin and Henderson (1983), 

Maher (1987) and Carroll-Niehaus 

(1998) showed that unfunded 

pension liabilities affect corporate 

debt ratings. In particular, Carroll 

and Niehaus find support for Bulow 

4 Data4 Data
This section review the data sources 

for credit spreads, accounting and 

market data used in the analysis. 

The source for credit spreads is the 

Merrill Lynch Global Broad Market 

Index (for investment grade bonds) 

and the Merrill Lynch Global High 

Yield Index (for below investment 

grades). Index constituents, yields 

and spreads of US-based issuers were 

downloaded through Bloomberg as 

of 31/12 of 2001, 2002 and 2003. 

According to Merrill Lynch (2000) 

methodological note, yields are 

measured as effective yields by 

stripping out embedded optionality 

features such as call, put or sinking 

funds and spreads are also option-

adjusted to ensure consistency. For 

securities with no optionality 

features the spread is defined as the 

basis point shift in the par coupon 

Government curve that produces a 

discount function that will make the 

combined present values of the 

bond’s individual cash flows equal to 

the actual price of the bond. Index 

rules include public debt issued in 

the domestic and Eurobond market 

and exclude bonds with remaining 

term to maturity lower than or equal 

to one year and, for dollar-

denominated securities, bonds with 

amount outstanding lower than 

US$150 million. 

Alongside spreads and yields, the 

Merrill Lynch index constituents’ 

databases record the following 

additional information: bond ticker, 

coupon rate, maturity date, 

composite rating10, currency, four-

tier sector classification, type (e.g. 

whether the bond is senior, junior-

subordinated etc.), face value, weight 

as a percentage of the index, price, 

accrued interest, effective duration11, 

10  This is calculated using an averaging algorithm 
biased to the lower of S&P and Moody’s rating.

11  Effective duration is defined as percentage change 
in the price of a bond (or the theoretical price in 
the presence of optionalities) given a parallel shift 
in the par coupon Government curve.

total return month-to-date in local 

currency and excess return month-

to-date in local currency over 

comparable government securities.

Historical financial data, including 

equity ticker, market capitalisation at 

the reporting date and items referred 

to companies’ pension plans, are 

provided by the Watson Wyatt 

Pension Accounting Database and 

based upon published accounts and 

10K reports. Among pension plan 

items, the database records projected 

benefit obligation (PBO), market 

value of plan assets, balance sheet 

liability, a detailed breakdown of 

pension cost and actuarial 

assumptions. The same items are 

also recorded separately for non-

pension defined benefit obligations 

(e.g. healthcare). For wave 2002 and 

2003 a detailed asset allocation split 

into five macro categories (equities, 

fixed income, real estate, cash and 

other) and the percentage of plan 

Technical paper  9



assets invested in the sponsoring 

stock are also available12. The 

accumulated benefit obligation 

(ABO), which calculates the liability 

on a “quit” basis13, is also available 

for wave 2002 and 2003, albeit not 

for all companies in the sample.

There are also two additional sources 

for financials and market data: 

Bloomberg, which provided gross 

and net corporate debt from 

published financials, as well as 

CUSIP numbers and bond tickers, 

and Thomson Financial, which 

supplied data on annualised 

volatility at the reporting date 

computed over a 3-year period.

The Pension Accounting sample 

includes companies in the 

corresponding year’s Fortune 1000 

ranking that operate a defined 

benefit pension scheme or 

healthcare benefits programme. 

Companies featuring in the ranking 

once are then tracked in the 

subsequent years even if the plan is 

terminated. For the purpose of 

this exercise a 3-year panel is 

constructed and companies are 

assigned to 3 waves of reporting 

12  Disclosure of these items was only required since 
the publication of the Exposure Draft 1025-200 
in September 2003, but wave 2002 data could 
be retrieved because corresponding numbers for 
the previous year are also disclosed.

13  The PBO is calculated using the Projected Unit 
Credit Method and, unlike the ABO, allows for 
future salary increases.

dates: June 2001 to May 2002 (wave 

2001), June 2002 to May 2003 (wave 

2002) and June 2003 to May 2004 

(wave 2003). In the resulting panel 

there are 660 companies in wave 

2001, 664 in wave 2002 and 640 in 

wave 2003. The great majority of 

companies (between 75% and 80% 

of the total) report every year 

between 27/12 and 03/01.

The Pension Accounting sample 

is first matched with corporate 

debt, CUSIP numbers and bond 

tickers from Bloomberg using equity 

tickers, then matched with volatility 

data from Thomson Financials using 

CUSIP numbers. The resulting 

sample will be referred to as the 

Firm-Level (FL) sample. Meanwhile 

two bonds samples are constructed 

from Merrill Lynch constituents’ 

databases by filtering out non-US 

issuers: the US Investment Grades 

Bond (UIGB) sample and US 

High Yields Bond (UHYB) 

sample. 

Finally, the FL sample is matched 

with the UIGB and the UHYB 

samples using bond tickers14 to 

obtain the two data sets used for 

most of the analysis: an investment 

grade sample and an aggregate 

sample, which includes both 

14  Because bond tickers from Bloomberg did not 
always match up with tickers recorded in the 
Merrill Lynch database a manual checking of 
unmerged companies was also performed.

investment grades and high yields. 

In the resulting panel each company 

is matched with Merrill Lynch Index 

constituents’ for the year 

corresponding to its wave (e.g. wave 

2002 is matched with 31/12/2002 

index constituents). 

Table 1 presents an overview of the 

two samples. Both panels are not 

fully balanced due to changes in 

either companies included in the 

Pension Accounting database or 

Merrill Lynch constituents. The 

investment grade panel is made up 

of between 2,700 and 2,800 bonds 

(depending on wave of data) of 

around 350 different issuers, while 

the inclusion of high yields brings 

the sample to between 3,000 and 

3,500 bonds from between 439 and 

493 issuers. The aggregate sample is 

more unbalanced because several 

companies were included in the high 

yield index for the first time in 2002 

or 2003. As one would expect, the 

inclusion of high yields has a sizable 

impact on average spreads, 

especially in 2002 when high yields 

lifted up the overall mean from 

1.73% (investment grades only) to 

3.27% (aggregate sample). On 

average spreads tightened between 

2001 and 2002 and then decreased 

to below 2001 levels between 2002 

and 2003.
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Table 1: Overview of the bond sample

AA and above A BB Below BBB Overall

SAMPLE A: INVESTMENT GRADES PANEL

2001 Number of bonds 583 1,155 963 0 2,701

Number of companies 32 145 170 0 347

Average spread 0.77% 1.34% 2.18% n/a 1.52%

2002 Number of bonds 459 1,204 1,078 0 2,741

Number of companies 30 139 187 0 356

Average spread 0.84% 1.33% 2.55% n/a 1.73%

2003 Number of bonds 433 1,270 1,137 0 2,841

Number of companies 31 139 184 0 355

Average spread 0.52% 0.66% 1.26% n/a 0.88%

SAMPLE B: AGGREGATE PANEL

2001 Number of bonds 583 1,155 963 351 3,053

Number of companies 32 145 170 92 439

Average spread 0.77% 1.34% 2.18% 7.73% 2.23%

2002 Number of bonds 459 1,204 1,078 642 3,383

Number of companies 30 139 187 129 485

Average spread 0.84% 1.33% 2.55% 9.83% 3.27%

2003 Number of bonds 433 1,270 1,137 653 3,494

Number of companies 31 139 184 139 493

Average spread 0.52% 0.66% 1.26% 4.49% 1.55%

Notes:

1. Spread is option-adjusted spread calculated by Merrill Lynch

2. Some companies issued both investment grades and high yield bonds, for the breakdown by companies these are considered investment grades

Technical paper  11



5.1 Methodology
Key objective of the analysis is to test 

whether pension liabilities are priced 

by spreads on traded corporate 

bonds included in the Merrill Lynch 

index. To carry out the test an 

empirical model of credit spreads is 

constructed using a set of predictors 

consistent with the literature on 

structural models. Each of our two 

data sets (investment grades and 

aggregate) are large cross-sections of 

spreads measured at three points in 

time (year end 2001, 2002 and 

2003), which enable us to isolate 

firm-level determinants of spreads 

without the need to control for 

macroeconomic and other aggregate 

factors found to be important 

predictors of the behaviour of 

spreads over time (Dufresne et al., 

2001).

The intuition behind the baseline 

empirical specification is that credit 

spreads are explained by leverage 

and firm value volatility consistently 

with a structural model 

specification. We also include 

dummy variables for bond duration 

buckets to account for possible credit 

spread term structure effects and 

wave dummies to control for 

aggregate factors. Leverage is defined 

as the ratio of total firmwide 

obligations to the value of the firm 

or enterprise value, which is proxied 

by the sum of market capitalisation, 

book value of corporate borrowings 

and pension liabilities (measured by 

the projected benefit obligation or 

PBO). For the purpose of this 

exercise, which attempts to separate 

pension from other liabilities, 

firmwide obligations are then split 

into four components: long-term 

borrowings, short-term borrowings 

(both from Bloomberg)15, unfunded 

pension liabilities and funded 

pension liabilities (both from the 

Watson Wyatt database). Table 2 

presents our version of the extended 

balance sheet used in the analysis. 

Basic econometric theory suggests 

that, because the data set is in the 

form of a panel, a standard OLS 

estimator using 3-year averages 

would not be the most efficient 

solution as it would fail to capture 

the within dimension of the data 

(difference within individual bonds 

and firms across time as opposed to 

difference between different bonds 

and firms). Most common solutions 

to this problem are either a fixed 

effects or a random effects estimator, 

in this context the latter was chosen 

on the grounds that the sample is 

not exhaustive but rather drawn 

from the larger population of bonds 

issued by US companies which 

operate defined pension plans and 

whose corporate debt is (at least 

15  It was preferred to keep the two separate 
because empirical work on credit ratings, which 
are clearly linked to spreads, (e.g. Blume, Lim 
and McKinlay, 1998) found long-term but not 
short-term debt to be a significant predictor.

partially) traded in the capital 

markets. 

The following random effects panel 

regression model is fitted to both the 

investment grades and aggregate 

3-year panels:

SP
it
 =  µ + �

1 
pdef

it
 + �

2 
passet

it
 + �

3 
levlt

it
 

+ �
4 
levst

it
 + �

5 
vol

it
 + �

6 
dur2

it
 

+ �
7 
dur3

it
 + �

8 
dur4

it
 + �

9 
year2

it
 

+ �
10 

year3
it
 + �

i
 + �

it 
(4)

where �
i
 is the time-invariant 

bond-specific residual, �
it
 is the 

residual component uncorrelated with 

time, SP
it
 is the option-adjusted 

spread from the Merrill Lynch index 

of the i-th bond at year t and all 

explanatory variables are defined in 

Table 3, which also reports their 

predicted signs.

Bearing in mind the discussion on 

labour contracts and Carroll and 

Niehaus (1998) results, we could 

suspect that the market may price 

differently excess pension assets as 

opposed to pension deficits. 

Moreover, one might also think that 

the market attach more importance 

to large deficits because of the 

potentially high fixed cost of 

extrapolating economic reality out of 

accounting numbers. We therefore 

report results after separating out 

companies with overfunded plans in 

a given year and further breaking 

down underfunded companies using 

5 The Empirical Analysis5 The Empirical Analysis
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quartiles of the unfunded pension 

liabilities to enterprise value 

ratio. The downside with this 

approach is that companies may be 

in different quartiles in different years 

thus making the partitioned samples 

more unbalanced than the 

original one. 

We therefore perform an alternative 

test of asymmetric impact of pension 

deficits by estimating the model 

using a set of interaction terms 

between overfunding or quartiles 

dummies and the pension liabilities 

Table 2: The Extended Balance Sheet

ASSETS LIABILITIES & EQUITY

  

CORPORATE ASSETS CORPORATE BORROWINGS

 Short-Term borrowings

 Long-Term Borrowings

PENSION ASSETS PENSION LIABILITIES

 Funded Pension Liabilities

 Unfunded Pension Liabilities

 MARKET VALUE OF EQUITY

Table 3: Baseline Model: Predicted Coefficients

VARIABLE DEFINITION PREDICTED SIGN

pdefit (Pension Liabilities - Pension Assets)/Enterprise Value +

passetit Pension Assets/Enterprise Value +

levltit Long-Term Borrowings/Enterprise Value +

levstit Short-Term Borrowings/Enterprise Value +

volit Stock Price Volatility (over 3-years annualised) +

dur 1it I duration dummy variable (up to 3 years) Dropped

dur 2it II duration dummy variable (3 and up to 5 years) No prediction

dur 3it III duration dummy variable (5 and up to 10 years) No prediction

dur 4it IV duration dummy variable (over 10 years) No prediction

year 1it I wave dummy variable (2001) Dropped

year 2it II wave dummy variable (2002) Positive

year 3it III wave dummy variable (2003) Negative

Notes:

1.  The baseline model is: 

SPit = µ + ß1 pdefit + ß2 passetit + ß3 levltit + ß4 levstit + ß5 volit + ß6 dur2it + ß7 dur3it + ß8 dur4it + ß9 year2it + ß10 year3it + �i + �it

2. SPit is the option-adjusted spread (in %) from the Merrill Lynch index of the i-th bond at year t

3. Pension Liabilities are measured by the Projected Benefit Obligation

4. Enterprise Value is equal to: Market Capitalisation + Book Value of Corporate Borrowings + Projected Benefit Obligation

5. dur1it and year1it are omitted because of multicollinearity
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to enterprise ratio.  The new model 

is defined as follows:

SP
it
 =  µ + �

1 
passet

it
 + �

2 
levlt

it
 + �

3 
levst

it
 

+ �
4 
vol

it
 + �

5 
dur2

it
 + �

6 
dur3

it
 

+ �
7 
dur4

it
 + �

8 
year2

it
 + �

9 
year3

it
 

+ �
10 

int1
it
 + �

11 
int2

it
 + �

12 
int3

it
 

+ �
13 

int4
it
 + �

14 
int5

it
 + �

i
 + �

it

 (5)

where int1
it
–int5

it
 are interaction 

terms between pdef
it
 and five dummy 

variables defined as follows: 

1) Overfunded plan (pdef
it
<0), 

2) Underfunded plan, I quartile of 

pdef
it
 distribution (when pdef

it
>0), 

3) Underfunded plan, II quartile of 

pdef
it
 distribution (when pdef

it
>0), 

4) Underfunded plan, III quartile of 

pdef
it
 distribution (when pdef

it
>0), 

5) Underfunded plan, IV quartile of 

pdef
it
 distribution (when pdef

it
>0),

5.2 Results
Table 5 and 6 display the results 

from running GLS random effects 

models (4) and (5) in the two 

samples and in the sub-samples 

defined by partitioning the pension 

deficit to enterprise value ratio as 

described in the previous section. In 

general, the relative size of unfunded 

pension liabilities turns out to be a 

significant predictor of credit 

spreads, even controlling for other 

variables suggested by the theory 

such as corporate leverage and 

volatility. Apart from a few 

exceptions in some of the partitioned 

samples, signs also agree with 

theoretical predictions. The main 

findings can be summarised as 

follows:

1. From Table 5 results in Panel A 

and Panel B for the two overall 

samples it appears that the 

relative size of pension deficits 

is priced by corporate spreads, 

supporting the extended balance 

sheet hypothesis and consistently 

with the results of credit ratings 

models such as Carroll and 

Niehaus (1998). Moreover, 

in both samples estimated 

coefficients for relative pension 

deficit exposure are twice as large 

in magnitude as coefficients for 

ordinary leverage, which could be 

a reflection of market perception 

of additional risk in unfunded 

pension promises compared to 

more traditional forms of debt.

2. The unfunded pension leverage 

effect on credit spreads appears 

to be economically significant. 

Using sample mean values in 

Table 4 we derive the average 

investment grade and aggregate 

spread predicted by the model for 

each year, as reported in Table 7. 

For instance in 2002, when the 

relative size of pension deficits 

was highest (2.70%), the average 

predicted spread was 1.8% in the 

investment grades sample and 

2.8% in the aggregate sample. 

Keeping everything else constant 

but setting the pension deficit to 

zero, the model in 2002 predicts 

spreads which are respectively 

16 and 40 basis points lower, 

implying a 9% decrease in the 

investment grades sample and a 

15% shift in the aggregate one. 

Conversely in 2003, when the 

average ratio of pension deficit to 

enterprise value was 1.85%, the 

model predicts spreads 20 basis 

points higher in the investment 

grades sample and 30 basis 

points higher in the aggregate 

one (this is respectively a 20% 

and a 30% shift) if the relative 

size of pension deficit is set to 

5% while everything else stays 

constant. These numbers suggest 

that cross-sectional variation 

in spreads driven by pension 

deficits could potentially become 

very large in the presence of 

substantial unfunded liabilities.

3. By partitioning the sample 

into sub-groups according to 

relative pension deficit exposure 

it appears that the relationship 

between spreads and deficits 

may not be a perfectly linear one. 

In the fourth deficit to enterprise 

value quartile (deficits worth 

more than 3% of firm value) 

results are broadly consistent 

with the aggregate picture 

but with a higher estimated 

coefficient, whereas in the first 

quartile (very small deficits 

relative to firm value) estimated 

coefficients have the wrong sign. 

In the second quartile estimated 

coefficients are in both samples 

much larger in magnitude 
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Table 4: Corporate Leverage, Pension Leverage and Volatility: summary statistics

Variable Wave Obs. Mean 10th Percent Median 90th Percent

SAMPLE A: INVESTMENT GRADES PANEL

pdefit 2001 315 0.43% -2.30% 0.37% 3.14%

2002 326 2.70% 0.04% 1.75% 6.84%

2003 333 1.85% -0.09% 1.03% 5.02%

passetit 2001 315 10.51% 1.26% 7.46% 23.90%

2002 326 8.94% 1.15% 6.54% 20.22%

2003 333 9.13% 1.10% 6.57% 21.84%

levltit 2001 315 22.86% 6.69% 21.46% 40.79%

2002 326 24.68% 7.09% 21.93% 44.97%

2003 333 21.73% 6.23% 18.29% 40.85%

levstit 2001 315 8.32% 0.22% 3.60% 22.23%

2002 326 8.20% 0.15% 3.14% 22.91%

2003 333 7.21% 0.09% 2.34% 21.32%

volit 2001 343 38.07% 26.20% 36.20% 53.50%

2002 350 38.31% 25.55% 36.05% 54.35%

2003 349 30.88% 19.80% 28.60% 42.40%

SAMPLE B: AGGREGATE PANEL

pdefit 2001 388 0.61% -2.21% 0.46% 3.49%

2002 431 3.15% 0.09% 2.15% 7.72%

2003 455 2.39% -0.05% 1.41% 6.12%

passetit 2001 388 10.86% 1.20% 7.41% 26.13%

2002 431 9.77% 1.09% 6.71% 22.52%

2003 455 10.03% 1.01% 7.20% 23.50%

Continued
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Variable Wave Obs. Mean 10th Percent Median 90th Percent

levltit 2001 388 25.94% 7.18% 23.60% 46.95%

2002 431 29.18% 8.56% 26.54% 54.99%

2003 455 25.38% 7.87% 22.31% 47.98%

levstit 2001 388 7.80% 0.11% 3.14% 20.96%

2002 431 7.18% 0.12% 2.88% 17.92%

2003 455 5.97% 0.05% 2.06% 16.44%

volit 2001 423 41.38% 27.30% 38.20% 60.10%

2002 464 43.29% 26.10% 37.90% 66.80%

2003 473 36.52% 20.60% 31.40% 60.30%

Notes:

1. Statistics computed on the matched firm-level data sets which exclude multiple observations (i.e. when there are more than one bond per firm in a given wave)

2. Number of companies is lower than bond sample because of missing observations in the financials

Table 4: Continued

Table 5: Baseline Model: Results

The following random effects panel regression model was estimated with GLS using the 3-year (2001 to 2003) 

investment grades panel and 3-year (2001 to 2003) aggregate panel:

 SPit =  µ + ß1 pdefit + ß2 passetit + ß3 levltit + ß4 levstit + ß5 volit + ß6 dur 2it + ß7 dur 3it + ß8 dur 4it + ß9 year 2it 

+ ß10 year 3it + �i + �it

Overall Overfunded
Undefunded I 

Quartile
Undefunded II 

Quartile
Undefunded 
III Quartile

Undefunded 
IV Quartile

PANEL A: INVESTMENT GRADES ONLY

pdefit 5.955*** 2.733*** -97.267*** 37.660*** 22.449*** 9.797***

(15.698) (4.008) (-5.868) (4.435) (5.094) (7.537)

passetit 0.924*** 1.244*** 0.020 -0.725* 0.114 0.398

(6.424) (6.903) (0.045) (-1.972) (0.242) (0.838)

Continued
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Table 5: Continued

Overall Overfunded
Undefunded 

I Quartile
Undefunded 
II Quartile

Undefunded 
III Quartile

Undefunded 
IV Quartile

levltit 2.716*** 2.530*** 1.575*** 2.461*** 1.948*** 3.770***

(29.568) (22.134) (9.602) (13.070) (8.403) (10.879)

levstit -0.149* -0.189* -0.686*** 0.581* 3.440*** 2.172***

(-2.051) (-2.192) (-8.642) (2.423) (8.804) (3.359)

volit 2.433*** 2.358*** 2.150*** 2.932*** 2.381*** 2.701***

(22.461) (14.118) (12.028) (12.530) (8.104) (8.489)

dur 2it -0.25 -0.29 -0.338 -0.526 -0.189 0.603

(-1.605) (-1.519) (-1.382) (-1.932) (-0.385) (1.097)

dur 3it -0.072 -0.032 -0.169 -0.308 -0.015 0.624

(-0.463) (-0.165) (-0.689) (-1.131) (-0.031) (1.135)

dur 4it 0.036 0.107 -0.036 -0.241 0.151 0.598

(0.233) (0.567) (-0.147) (-0.895) (0.311) (1.094)

year 2it 0.021 -0.054* 0.123*** -0.355*** 0.135* 0.187*

(1.042) (-2.000) (3.973) (-6.517) (2.089) (2.035)

year 3it -0.529*** -0.465*** -0.408*** -0.714*** -0.550*** -0.515***

(-26.164) (-18.940) (-11.462) (-13.344) (-8.952) (-5.222)

Intercept -0.069 -0.102 0.586* 0.184 -0.475 -1.530**

(-0.431) (-0.509) (2.227) (0.630) (-0.924) (-2.678)

Overall 
R-Square

46.51% 49.81% 44.36% 45.57% 35.03% 46.74%

N 7,540 2,420 1,269 1,295 1,274 1,282

Continued
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Overall Overfunded
Undefunded 

I Quartile
Undefunded 
II Quartile

Undefunded 
III Quartile

Undefunded 
IV Quartile

PANEL B: AGGREGATE

pdefit 12.784*** 3.057* -312.868*** 163.995*** -40.951* 21.108***

(12.072) (2.421) (-9.551) (9.798) (-2.360) (9.247)

passetit 1.941*** 3.401*** 2.901*** -3.090*** -2.002 1.675

(4.499) (6.134) (3.509) (-3.354) (-1.421) (1.640)

levltit 5.444*** 2.395*** 4.249*** 3.938*** 3.170*** 7.232***

(19.865) (7.018) (13.032) (10.333) (4.062) (10.117)

levstit 0.081 0.532 -1.291*** 0.696 6.130*** 1.456

(0.342) (1.771) (-5.815) (1.364) (3.672) (1.196)

volit 6.469*** 1.745*** 6.263*** 5.045*** 11.097*** 7.109***

(26.876) (6.543) (18.947) (15.336) (16.003) (12.888)

dur 2it 0.547 0.079 -0.127 0.073 1.159 2.266

(1.005) (0.279) (-0.261) (0.095) (0.530) (1.487)

dur 3it 0.396 0.290 -0.107 0.302 0.926 1.546

(0.728) (1.038) (-0.220) (0.392) (0.423) (1.015)

dur 4it -0.072 0.372 -0.172 -0.117 0.223 0.586

(-0.132) (1.352) (-0.356) (-0.152) (0.102) (0.386)

year 2it 0.259*** 0.073 0.233*** -0.08 1.289*** 0.215

(4.056) (1.524) (3.957) (-0.612) (4.805) (0.873)

year 3it -0.736*** -0.438*** -0.450*** -1.107*** -0.151 -1.005***

(-11.767) (-9.570) (-6.670) (-8.771) (-0.583) (-3.924)   

Table 5: Continued

Continued
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Overall Overfunded
Undefunded 

I Quartile
Undefunded 
II Quartile

Undefunded 
III Quartile

Undefunded 
IV Quartile

Intercept -2.389*** -0.308 -0.948 -1.955* -3.315 -4.857** 

(-4.327) (-0.988) (-1.853) (-2.491) (-1.470) (-3.104)   

Overall 
R-Square 37.60% 14.00% 52.60% 47.40% 33.80% 47.00%

N 8,898 2,541 1,590 1,593 1,632 1,540

Notes:

1. T-tests are reported in parenthesis

2. Variables are defined in Table 3

3. Quartiles of pdefit ratio used to partition the sample are:

I Quartile Median III Quartile

Investment grades 0.28% 1.24% 3.14%

Aggregate 0.36% 1.41% 3.36%

Table 5: Continued

Table 6: Model with breakdown of pension deficit/surplus ratio

The following random effects panel regression model was estimated with GLS using the 3-year (2001 to 2003) 

investment grades panel and 3-year (2001 to 2003) aggregate panel:

 SPit =  µ + ß1 passetit + ß2 levltit + ß3 levstit + ß4 volit + ß5 dur 2it + ß6 dur 3it + ß7 dur 4it + ß8 year 2it + ß9 year 3it 

+ ß10 int 1it + ß11 int 2it + ß12 int 3it + ß13 int 4it + ß14 int 5it + �i + �it

where int1it- int5it are interaction terms between pdefit and five dummy variables defined as follows: 

1) Overfunded plan (pdefit<0), 2) Underfunded plan,  I quartile of pdefit distribution (when pdefit>0), 

3) Underfunded plan,  II quartile of pdefit distribution (when pdefit >0), 4) Underfunded plan,  III quartile of 

pdefit distribution (when pdefit >0), 5) Underfunded plan, IV quartile of pdefit distribution (when pdefit >0),

PANEL A: INVESTMENT GRADES 
ONLY PANEL B: AGGREGATE

passetit 0.405* 0.637

(2.563) (1.362)

levltit 2.756*** 5.457***

(29.973) (19.877)

Continued
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PANEL A: INVESTMENT 
GRADES ONLY PANEL B: AGGREGATE

levstit -0.057 0.200

(-0.745) (0.822)

volit 2.389*** 6.441***

(22.108) (26.730)

dur 2it -0.232 0.586

(-1.497) (1.079)

dur 3it -0.054 0.436

(-0.347) (0.804)

dur 4it 0.046 -0.045

(0.298) (-0.083)   

year 2it 0.019 0.283***

(0.951) (4.422)

year 3it -0.521*** -0.686***

(-25.673) (-10.898)   

int1it -0.445 -6.628*  

(-0.532) (-2.402)   

int2it -20.298 42.129

(-1.296) (-0.979)

int3it 19.501*** 34.358***

(5.459) (3.790)

Table 6: Continued

Continued
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by adding five interaction terms 

to the random effects regression 

model. The results suggest that, 

whilst overfunded liabilities do 

not improve spreads and very 

small deficits do not have a 

meaningful impact, larger deficits 

are priced by corporate spreads. 

Interestingly, the coefficients 

associated with Quartile II 

deficits are in both samples 

larger in magnitude than 

PANEL A: INVESTMENT 
GRADES ONLY PANEL B: AGGREGATE

int4it 8.439*** 18.049***

(6.723) (5.233)

int5it 8.481*** 18.308***

(17.641) (14.235)

Intercept -0.118 -2.534***

(-0.732) (-4.590)   

Overall R-Square 46.80% 38.10%

N 7,540 8,896

Notes:

1. T-tests are reported in parenthesis

2. Variables other than interaction terms are defined in Table 3

3. Mean of pdefit ratio for each interaction variable is :

int1it int2it int3it int4it int5it

Investment grades -1.32% 0.12% 0.70% 2.09% 6.08%

Aggregate -1.33% 0.14% 0.85% 2.37% 7.28%

Table 6: Continued

and finally in the third quartile 

the pattern is different in the 

two samples: the beta estimate 

is large and positive in the 

investment grades sample whilst 

it is large and negative in the 

aggregate sample. Finally, we 

find that estimated coefficients 

for overfunded plans still have 

the right signs but are lower 

in magnitude, which could be 

read as an indirect support for 

the Bulow and Scholes (1983) 

hypothesis given that the market 

seems to punish companies 

with underfunded plans more 

than it rewards companies 

with overfunded ones. 

4. Models in Table 6 provide a 

more comprehensive picture of 

the interaction between spread 

sensitivity and relative size of 

pension deficit as they are 

estimated on the whole sample 
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the previous point, the results 

seem to indicate that the market 

perceives residual risk even in 

overfunded plans. In the 

partitioned sub-samples the 

relative size of funded liabilities 

appears to be positive and 

significant for overfunded plans 

and, in the aggregate sample, 

the same is true even for 

plans with very small deficits 

(Quartile I). 

6. Overall R-square in the 

investment grade sample is 

over 45% and just below 40% 

in the aggregate sample. In 

both cases the between R-

square is much larger than the 

within R-square confirming 

that these models have greater 

predictive power of the cross-

sectional variation in spreads 

as opposed to movements of 

spreads over time, for which 

Dufresne et al. (2001) found 

aggregate factors to be stronger 

predictors than changes in firm-

level fundamentals. Control 

variables, with the exception 

of short-term debt leverage 

(consistently with empirical 

models of credit ratings such 

as Blume, Lim and McKinlay, 

1998) and duration dummies, 

are significant and signs agree 

with theoretical predictions. 

Quartile III and IV ones, which 

could be an indication that the 

market gives smaller, but not 

insignificant, deficits a 

comparatively higher weight, 

perhaps because of additional 

risks in pension plans not 

captured by funded status alone.

5. There is some evidence that the 

market does not take only 

unfunded liabilities into account, 

which is consistent with both 

Sharpe (1976) and the literature 

on embedded optionalities. 

Although smaller in magnitude, 

the coefficient on the ratio of 

funded liabilities to enterprise 

value in Table 5 is positive and 

significant in both samples. 

Consistently with what argued in 

Table 7: Baseline Model: Sensitivity Analysis

Sensitivity analysis is based on baseline model estimated on overall 

sample (first column of Table 5), and report predicted spreads given 

different levels of pension deficit

2001 2002 2003

PANEL A: INVESTMENT GRADES ONLY

Predicted Spread Sample 
Mean

1.63 1.82 0.96

Predicted Spread Pension 
Deficit equal to 0

1.60 1.66 0.85

Pension Deficit equal to 
3.5% of Enterprise Value

1.81 1.87 1.06

Pension Deficit equal to 
5% of Enterprise Value

1.90 1.96 1.15

PANEL B: AGGREGATE

Predicted Spread Sample 
Mean

1.92 2.79 1.05

Predicted Spread Pension 
Deficit equal to 0

1.85 2.38 0.74

Pension Deficit equal to 
3.5% of Enterprise Value

2.29 2.83 1.19

Pension Deficit equal to 
5% of Enterprise Value

2.48 3.02 1.38

Notes:

1. Spreads are expressed in percentage (e.g. 1.63 stands for 163 basis points)

2. All other predictors stay at their sample mean
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Table 8: Baseline Model: Robustness tests

The baseline model presented in Table 5 was re-estimated using 1) Fixed Effects panel regression, 2) OLS within 

each of the three waves of data, 3) Random Effects with instrumental variables (1-year lagged volatility as 

instrument), 4) Random Effects with change in variable measurement (net debt instead of gross debt in numerator 

and denominator of leverage ratios and net pension liabilities in the definition of enterprise value)

Fixed Effects
OLS 

Wave 2001
OLS 

Wave 2002
OLS 

Wave 2003

Random 
Effects with 
Instrumental 

Variables

Random 
Effects with 
Net Debt/
Liabilities 
definition

PANEL A: INVESTMENT GRADES ONLY

pdefit 7.050*** 3.191*** 7.385*** 3.907*** 9.999*** 5.398***

(9.997) (5.731) (9.799) (11.554) (17.652) (15.251)

passetit 0.297 0.846*** 0.190 0.797*** 0.399

(0.513) (5.11) (0.655) (7.048) (1.872)

levltit 4.261*** 2.697*** 4.036*** 1.282*** 3.535*** 2.614***

(15.938) (23.269) (25.509) (17.975) (27.395) (27.382)

levstit 3.332*** -0.777*** -0.171 -0.115* 0.159 -0.399***

(10.534) (-8.135) (-1.343) (-2.339) (-1.691) (-5.598)   

voltit 0.996*** 3.611*** 4.235*** 1.431*** 0.499* 2.764***

(5.037) (21.091) (19.688) (17.099) (2.464) (25.677)

dur 2it -0.107 -0.324 -0.271 -0.665*** -0.341 -0.243

(-0.544) (-0.626) (-0.990) (-5.140) (-1.731) (-1.530)   

dur 3it 0.033 -0.088 -0.120 -0.421** -0.124 -0.064

(0.170) (-0.171) (-0.438) (-3.248) (-0.629) (-0.406)   

dur 4it 0.169 0.022 -0.136 -0.284* -0.024 0.041

(0.890) (0.043) (-0.498) (-2.203) (-0.124) (0.262)

year 2it -0.018 0.596*** 0.041*  

(-0.684) (27.010) (2.048)

year 3it -0.532*** (dropped) -0.520***

(-19.072) (-25.162)   

Continued
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Fixed Effects
OLS 

Wave 2001
OLS 

Wave 2002
OLS 

Wave 2003

Random 
Effects with 
Instrumental 

Variables

Random 
Effects with 
Net Debt/
Liabilities 
definition

Intercept -0.541* -0.338 -0.943*** 0.419** -0.152 -0.036

(-2.426) (-0.650) (-3.365) (3.202) (-0.745) (-0.219)   

Overall 
R-Square 20.50% 43.80% 47.57% 44.64% 46.90% 45.40%

N 7,540 2,371 2,468 2,701 3,972 7,431

PANEL B: AGGREGATE

pdefit 21.518*** 9.170*** 11.378*** 17.067*** 20.495*** 11.019***

(10.261) (9.269) (5.311) (22.321) (15.909) (11.433)

passetit 5.689** 1.730*** 1.095 0.608* 0.666

(3.238) (5.763) (1.179) (2.071) (1.236)

levltit 13.188*** 3.933*** 5.858*** 2.555*** 6.933*** 3.603***

(17.779) (18.379) (11.282) (13.428) (19.920) (12.313)

levstit 14.740*** -1.190*** -0.770 -0.359* 0.039 -0.821***

(15.561) (-6.278) (-1.693) (-2.511) (0.147) (-3.473)   

volit 2.533*** 6.960*** 13.650*** 2.814*** 3.677*** 7.677***

(5.672) (24.556) (27.711) (18.320) (10.726) (32.997)

dur 2it 1.32 -0.007 0.557 -0.433 -0.086 0.631

(1.888) (-0.007) (0.541) (-1.089) (-0.138) (-1.145)

dur 3it 0.920 0.093 -0.038 -0.299 -0.069 0.487

(1.331) (0.088) (-0.037) (-0.752) (-0.111) (-0.884)

dur 4it 0.223 -0.044 -0.890 -0.486 -0.605 0.009

(0.327) (-0.041) (-0.866) (-1.225) (-0.971) (-0.017)

year 2it -0.300*** (dropped) 0.352***

(-3.514) (5.475)

Table 8: Continued

Continued
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Fixed Effects
OLS 

Wave 2001
OLS 

Wave 2002
OLS 

Wave 2003

Random 
Effects with 
Instrumental 

Variables

Random 
Effects with 
Net Debt/
Liabilities 
definition

year 3it -1.041*** -0.937*** -0.676***

(-12.400) (-10.943) (-10.554)   

Intercept -5.683*** -1.837 -4.566*** -0.235 -1.028 -2.113***

(-7.609) (-1.731) (-4.416) (-0.590) (-1.632) (-3.795)   

Overall 
R-Square 14.10% 44.19% 44.40% 43.18% 36.90% 35.90%

N 8,898 2,620 2,999 3,279 4,719 8,639

Notes:

1. T-tests are reported in parenthesis

2. Variables are defined in Table 3

3. R-square is overall R-square for panel regressions and adjusted R-square for OLS regressions

Table 8: Continued

6 Robustness6 Robustness
Results are presented in the first four 

columns of Table 8.

Sign and significance of relative 

pension deficit exposure is 

unchanged using both fixed effects 

and OLS, although there is some 

variation in the magnitude of 

estimated coefficients. The pension 

asset ratio becomes insignificant 

with fixed effects but is significant in 

wave 2001 and 2003 with OLS. 

Overall, the model seems to be 

sufficiently robust to alternative 

econometric specifications.

6.2 Measurement of variables
A further robustness test relates to 

how predictive variables are 

measured. One of the problems with 

leverage ratios is the treatment of 

offsetting assets such as cash in 

balance sheet or pension assets. As 

explained in Section 5.1, the baseline 

model was estimated using a gross as 

opposed to net debt definition to 

measure corporate borrowings and 

enterprise value. At the same time, 

the overall pension benefit obligation 

and not just the unfunded 

component was included alongside 

debt in the enterprise value 

definition. 

There are arguments in favour of 

either a gross or a net debt 

definition, both for corporate 

borrowings and the pension fund. 

In this section a number of tests are 

carried out to assess the robustness 

of the findings discussed in the 

previous section. For convenience 

these are divided into four groups: 

model specification, measurement of 

variables, endogeneity and omitted 

variables. 

6.1 Model specification
In the previous section the credit 

spread model was estimated using 

GLS random effects panel model. To 

test the robustness of the findings 

discussed in the previous section the 

model was also estimated with fixed 

effects and as a conventional OLS 

within each of the three cross-

sections of spreads and financials. 
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Most empirical studies of credit 

spreads and credit ratings (for 

instance:  Dufresne et al., 2001 or, 

for credit ratings, Amato and 

Furfine, 2004) use a gross debt 

definition (i.e. book value of debt 

over market value of assets) but the 

is no universal consensus and in fact 

Lardic and Rouzeau (2002) take a 

different view by reclassifying 

financial accounts to obtain a 

measure of net debt.  

A gross debt definition may overstate 

true leverage when debt is partially 

offset by cash or liquid assets held in 

the balance sheet. If a corporation is 

sold the buyer could buy back debt 

in the market using cash in the 

balance sheet and reduce leverage 

accordingly. However, because 

market value of corporate debt is 

generally not available and is 

typically proxied with the book 

value of debt, a net debt definition 

may not reflect true economic 

leverage when the market value of 

debt is either very different from the 

book value or highly uncertain as in 

the case of non-traded debt. With 

pension liabilities a further problem 

with a net debt definition (liabilities 

minus assets) is that the true buyout 

cost of liabilities can deviate 

substantially from the projected 

benefit obligation because liabilities 

are subject to high margin of 

uncertain and cannot be perfectly 

hedged with market instruments 

(Sutcliffe, 2005).

Notwithstanding these caveats, the 

baseline model was re-estimated 

using a consistent net debt definition 

for both corporate borrowings and 

pension liabilities. Going back to the 

model presented in Table 3, 

enterprise value has been re-defined 

as the sum of market capitalisation, 

the difference between gross debt16 

and the sum of cash and marketable 

securities and finally the difference 

between pension liabilities and 

pension assets. Accordingly, short-

term leverage (levst
it
) has also been 

re-defined in net terms and only the 

ratio of unfunded liabilities to 

enterprise value is taken into account 

given that liabilities covered by 

pension assets do not appear in the 

denominator.

The results are presented in the sixth 

column of Table 8 and, by 

comparing against baseline results in 

Table 5 for the overall samples, it 

appears that whether debt is 

measured on a gross or net does not 

change does not materially change 

the results on the sensitivity of 

corporate spreads to the relative size 

of unfunded pension liabilities.

6.3 Endogeneity: simultaneity 
between volatility and spreads
In the original Merton model, credit 

spreads are a non-linear function of 

firm value volatility and leverage, but 

from equation (4) equity volatility 

can itself be written as a function of 

leverage and firm value volatility. 

One could therefore argue that the 

baseline model may suffer from an 

endogeneity bias because both 

spreads and volatility are 

simultaneously determined by the 

same underlying fundamentals. 

Nikolaev and van Lent (2005) 

provide an extensive review of all 

issues surrounding endogeneity and 

suggest possible remedies.

To mitigate this problem we tried 

different solutions. As a first step an 

instrumental variables approach was 

used and volatility was instrumented 

using its own 1-year lagged value, 

which is clearly highly correlated 

with current volatility and less with 

the 1-year ahead spread.  Results are 

presented in the fifth column of 

Table 8. Although some coefficients 

change in magnitude (i.e. the relative 

size of pension deficit goes up from 

5.95 to 9.99), which is somewhat 

predictable given that the new model 

is estimated using only two waves, 

the core implications discussed in 

the previous section are still robust.

One shortcoming of the instrumental 

variable approach is that by using 

lagged volatility, one loses one third 

of the data. Two alternative ways were 

therefore explored: 1) a three-stage 

least square simultaneous equations 

approach to jointly estimate volatility 

and corporate spreads in function of 

underlying firm-level fundamentals 

2) a random effects model where the 

residuals of a regression of volatility 

against corporate and pension 

leverage is employed as a dependent 

variable instead of volatility itself. 

This is arguably justified to obtain a 

16  Including accounts payable and short-term 
liabilities other than borrowings which were 
not included in the previous definition but are 
required here because cash can be held against 
those as well.
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Table 9: Three-stage least square regression of volatility and spread

The baseline model presented in Table 5 was re-estimated as a system of 

two simultaneous equations estimated using three-stage least squares, 

where the dependent variables are respectively corporate spreads and 

stock price volatility

Dependent Variable SPit volit

PANEL A: INVESTMENT GRADES ONLY

pdefit 8.104*** 1.021***

(24.322) (26.852)

passetit 0.928*** 0.079***

(7.822) (5.809)

levltit 3.336*** 0.220***

(45.470) (26.326)

levstit -0.04 0.087***

(-0.685) (13.053)

dur 2it -0.439** -0.011

(-2.726) (-0.595)   

dur 3it -0.206 -0.007

(-1.279) (-0.375)   

dur 4it -0.129 -0.008

(-0.802) (-0.416)   

year2it -0.072** -0.026***

(-2.821) (-8.787)   

year 3it -0.779*** -0.071***

(-32.109) (-25.637)   

Intercept 0.870*** 0.307***

(5.363) (16.572)

R-Square 40.64% 24.04%

N 7,540 7,540

Continued

“cleaner” proxy of firm value 

volatility.

The key findings discussed in the 

previous section are still robust to 

both specifications. To save space 

only three-stage regression results 

are displayed, the random effects 

with residuals output is available 

upon request. Table 9 sheds light on 

the interdependence between the 

stock and the bond market, by 

showing that the same underlying 

company and pension plan 

fundamentals appear to be 

significant predictors of both stock 

price volatility and corporate 

spreads, as implied by the Merton 

model. Interestingly, firm level 

fundamentals seem to be better 

predictors of spreads in the 

investment grades sample (R-square 

of 41% against 24% for volatility), but 

not in the aggregate sample where 

fundamentals account for around 

30% of both spreads and volatility 

sample variation.

6.4 Omitted Variables
Omitted variables are those variables 

linked to corporate spreads but not 

captured by the baseline model. If 

these are uncorrelated with model 

predictors their inclusion would 

boost the R-square but leave findings 

discussed in Section 5.2 unaffected. 

Conversely, missing variables 

correlated with other predictors 

would cause a more serious 

endogeneity problem (Nikolaev and 

van Lent, 2005).  
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A range of potential missing 

variables were added to the baseline 

model in Table 5 as a further check 

to the robustness of the findings 

presented in the previous section. 

Each potential missing variable is 

judged on its own and is separately 

added to the baseline model.  

Detailed results are not presented 

here but are available upon request. 

Below is a summary of the key 

findings.

First of all, additional firm level 

variables, in particular proxies for 

firm profitability or interest 

coverage, seem to have a separate 

predictive power for credit spreads. 

In Merton’s framework the return on 

corporate assets does not affect 

credit spreads, but with more 

complex structural models this does 

not necessarily hold. For instance 

Anderson and Sundaresan (2000) 

construct a composite leverage 

measure which combines a stock-

based (debt to asset ratio) with a 

flow-based interest burden 

component (interests over profits) 

and incorporate it within the non-

linear functional form of the 

structural model.

Unfortunately, a direct measure of 

interest burden was not available in 

the sample but a number of proxies 

turned out to be significant 

providing some support for more 

complex structural models. The ratio 

of net income to market cap (or the 

ratio of EBIT17 to market 

17 Earnings before interests and taxes.

Dependent Variable SPit volit

PANEL B: AGGREGATE

pdefit 18.896*** 0.859***

(20.547) (19.232)

passetit 2.314*** 0.159***

(6.581) (9.298)

levltit 8.615*** 0.535***

(43.391) (55.476)

levstit -0.034 0.072***

(-0.178) (7.679)

dur 2it 0.177 0.006

(0.321) (0.224)

dur 3it 0.154 0.013

(0.279) (0.481)

dur 4it -0.380 -0.001

(-0.693) (-0.023)   

year 2it 0.304*** -0.009*  

(3.743) (-2.331)   

year 3it -0.992*** -0.043***

(-12.817) (-11.413)   

Intercept -0.477 0.218***

(-0.862)   (8.118)

Overall R-Square 28.90% 33.06%

N 8,898 8,898

Notes:

1. T-tests are reported in parenthesis

2. Variables are defined in Table 3

Table 9: Continued
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capitalisation capped to zero) is  

positive and significant in both 

samples and a dummy variable equal 

to 1 if EBIT is also significant and, 

other things being equal, is 

associated with respectively 0.13% 

and 1.18% higher spreads in the 

investment grades and the aggregate 

samples. Average maturity of all 

bond outstanding turns out to be 

negative and significant and this can 

also be interpreted as a proxy for 

other unobservable firm 

characteristics such as access to 

capital markets. However, although 

there is some support for the 

inclusion of additional predictors, 

sign and order of magnitude of 

corporate leverage, pension leverage 

and volatility do not change with the 

inclusion of these additional 

variables.

Secondly, bond level variables were 

also introduced in the analysis. In 

both samples issue size (natural 

logarithm of dollar value of the issue) 

turned out to be negative and 

significant, while coupon rate was 

found to be positive and significant. 

In the investment grades sample 

even the weight in the Merrill Lynch 

bond index was negative and 

significant. Interpretation of these 

results is not straightforward. Issue 

size and index weight could be 

interpreted as proxies for liquidity, 

which has been found to be a 

predictor of spreads and their 

movements over time (Dufresne 

et al, 2001). A positive coefficient 

on coupon rate on the other hand 

might be interpreted by considering 

a flow-based measure of leverage: 

a higher coupon rate, other things 

being equal, might add to overall 

risk by raising the ongoing interest 

burden. The introduction of 

bond-specific variables does 

not meaningfully change the 

coefficients estimated in the 

baseline model.

Finally, the KMV methodology 

emphasises (Crosbie and Bohn, 

2003) the role of sector-specific 

patterns, which could influence 

borrowers’ ability to repay. To proxy 

for these patterns the baseline model 

was re-run adding broad sectors 

dummies first (financials, industrials 

and utilities) and narrower industry 

dummies (12 sectors) later. Sectors 

classifications are taken from the 

Merrill Lynch Bond Index. Findings 

reported in the previous section are 

robust to the inclusion of industry 

dummies in both samples. Broad 

dummy for bonds issued by 

industrials is positive and significant 

only in the investment grades 

sample, while in both samples 

dummies for basic industry, energy 

and insurance were positive and 

significant and dummies for 

banking, other finance and 

capital goods were negative and 

significant. 

7 Extensions7 Extensions
7.1 Do other pension plan 
fundamentals matter?
In the baseline specification credit 

spreads are modelled in function of 

the size of funded and unfunded 

projected benefit obligations. In this 

section we test whether other 

fundamentals of the pension plan 

have a separate predictive power for 

credit spreads. We focus here on 

three additional variables:

1. Asset allocation of the plan. As 

highlighted in the discussion of 

Section 3, there are theoretical 

reasons to believe the asset 

mix should enter the predictive 

equation of credit spreads. 

Although controversial, on balance 

it appears that credit spreads 

should be positively correlated 

with the riskiness of the asset 

mix because of the impact on 

the volatility of the firm value. 

To proxy for the riskiness of the 

asset mix we used total allocation 

to equities and allocation to 
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company stock as a percentage 

of total plan asset, both from the 

Pension Accounting database18. 

As discussed in Section 4, the 

proxy is not available in 2001 

because disclosure was not 

required. In both samples and 

waves of data average equity 

allocation was in the range of 

60% and company stock exposure 

was on average around 3.5%.  

2. Maturity of pension liabilities. 

Arguably, keeping aggregate 

liabilities constant, a more mature 

plan has a more immediate drain 

on companies’ cash flow and less 

margin for benefits renegotiation 

if a high proportion of members 

are pensioners. However, a plan 

whose liability duration is longer 

is more sensitive to changes in 

interest rates which, other things 

being equal, translates into a 

higher volatility of the firm value 

in an extended balance sheet 

approach. Although the sign of the 

relationship is ambiguous we test 

whether there is an association 

between magnitude of spreads 

and a proxy for liability duration. 

In the absence of a direct measure 

of duration, we employed one 

of the two metrics suggested 

by Picconi (2004): the ratio of 

interest cost of pension liabilities 

to the sum of interest and current 

service cost is employed19. 

The alternative metric (ratio of 

accumulated benefit obligation 

or ABO to projected benefit 

obligation or PBO) was discarded 

because not all companies report 

the ABO. Both metrics are only 

available for wave 2002 and 2003.

3. Accounting bias. As explained in 

Section 3 previous studies such 

as Coronado and Sharpe (2003) 

and Picconi (2004) questioned 

the value transparency of the 

stock market, which sometimes 

does not see through the 

accounting veil of pension-related 

disclosures. We test here whether 

similar effects are present in 

the bond market. The ratio of 

pension deficit to enterprise 

value (as defined in Table 3) was 

broken down in two components: 

a balance sheet deficit and an off-

balance sheet deficit. Under FAS 

87, the US accounting standard 

for pensions, companies can 

smooth their deficits by recording 

a balance sheet liability driven 

by cumulative income statement 

charges net of payments made 

and subject to a minimum floor. 

In the great majority of cases 

the balance sheet liability is 

lower than the funded status 

of the plan (or plan deficit).

Table 10 presents an extension of the 

baseline random effects model of 

credit spreads to allow for asset 

allocation, liability maturity and 

accounting bias effects, while 

Table 11 replicates the three-stage 

least square model of credit spreads 

and volatility presented in Table 9 

with the inclusion of pension plan 

asset mix factors.

Asset allocation does not seem to be 

a significant predictive factor for 

credit spreads. Equity allocation is 

insignificant in both samples using 

the random effects model, while the 

percentage allocation to company 

stock is significant at 90% 

confidence level, although, 

interestingly, the sign is negative. In 

the three-stage least square model of 

Table 11 equity allocation is negative 

and significant in some of 

the specifications, while company 

stock exposure is insignificant as a 

predictor of credit spreads but, at 

least in the investment grades 

sample, strongly associated with 

higher share price volatility. The 

latter seems to suggest some kind 

of market segmentation with 

some information filtered by 

the stock market has not yet been 

processed by the bond 

market.

The results in Table 10 appear 

to be mixed for maturity of pension 

liabilities. In the investment grades 

sample the coefficient is positive, 

although significant only at 90% 

level, while in the aggregate sample 

the coefficient is negative and 

18  In principle one should use an aggregate 
measure of asset risk over a liability-matched 
benchmark. As discussed in Cardinale (2004) a 
100% bond allocation may not be the minimum 
risk position for active members liabilities rising 
in line with wages. Moreover, there are other 
sources of risk besides equity allocation (e.g. 
currency exposure, concentration of equity 
portfolios, allocation to risky investments other 
than equities such as hedge funds, property 
or private equity). However, in the absence of 
a direct measure of asset risk versus liabilities, 
equity and company stock allocation were 
deemed to be the best available proxies. 

19  Interest cost relates to the fact liabilities are 
1-year closer to be settled whilst current 
service costs represents benefits accrued in one 
additional year of service. Both are component 
of the net periodic pension cost charged 
to operating income and the breakdown is 
disclosed in the notes to the accounts. 
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Table 10: Impact of additional pension variables on spread model

The baseline model presented in Table 5 was re-estimated by adding 1) Asset mix split, 2) Maturity of pension 

liability, 3) Split between recognised and off-balance sheet pension deficit

With equity 
allocation

With equity & 
company stock 

allocation
With maturity 

proxy
With accounting 

bias

PANEL A: INVESTMENT GRADES ONLY

pdefit 10.346*** 6.845*** 9.400***

(19.388) (14.833) (16.720)

precit 10.173***

(17.282)

punrecit 4.265***

(10.151)

passetit 0.454* 0.443**

(2.288) (2.855)

eqtyshit 0.130 -0.032

(1.120) (-0.254)

comstshit -0.622

(-1.697)

pmatit 0.341*

(2.008)

levltit 2.851*** 2.361*** 2.914*** 2.709***

(24.800) (19.874) (23.797) (29.624)

levstit 0.223* 0.145 0.133 -0.116

(2.517) (1.855) (1.480) (-1.595)

volit 1.487*** 0.583** 1.465*** 2.415***

(10.699) (3.081) (10.259) (22.403)

dur2it -0.361* -0.747*** -0.281 -0.250

(-1.962) (-5.978) (-1.504) (-1.612)

Continued
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With equity 
allocation

With equity & 
company stock 

allocation
With maturity 

proxy
With accounting 

bias

dur 3it -0.146 -0.480*** -0.072 -0.076

(-0.798) (-3.835) (-0.384) (-0.493)

dur 4it -0.077 -0.347** 0.002 0.028

(-0.421) (-2.800) (0.01) (0.182)

year 2it 0.541*** 0.442*** 0.529*** 0.083***

(28.926) (20.756) (28.528) (3.980)

year 3it -0.471***

(-22.327)

Intercept -0.400 0.516** -0.677** -0.106

(-1.960) (3.211) (-2.763) (-0.662)

Overall R-Square 47.70% 53.70% 46.50% 47.20%

N 4,806 2,025 4,585 7,534

PANEL B: AGGREGATE

pdefit 17.929*** 10.370*** 16.416***

(13.250) (4.196) (11.723)

precit 18.777***

(11.846)

punrecit 9.528***

(7.734)

passetit -0.631 -1.62 0.664 3.631***

(-1.142) (-1.791) (1.125) (6.717)

eqtyshit -0.093 0.933

(-0.273) (1.211)

comstshit -4.622*

(-2.130)

Table 10: Continued

Continued
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With equity 
allocation

With equity & 
company stock 

allocation
With maturity 

proxy
With accounting 

bias

pmatit -3.075***

(-5.935)   

levltit 5.174*** 4.759*** 5.731*** 5.438***

(16.037) (7.405) (16.893) (19.836)

levstit 0.097 0.402 0.435 0.129

(0.367) (0.832) (1.610) (0.543)

volit 6.299*** 9.617*** 5.980*** 6.488***

(22.865) (17.561) (20.786) (26.915)

dur 2it 0.041 -0.183 0.022 0.544

(0.066) (-0.229) (0.033) (1.000)

dur 3it 0.05 -0.314 0.004 0.389

(0.081) (-0.392) (0.006) (0.714)

dur 4it -0.53 -0.618 -0.621 -0.084

(-0.852) (-0.776) (-0.964)   (-0.155)

year 2it 0.866*** 0.434*** 0.871*** 0.374***

(13.400) (3.788) (13.321) (5.549)

year 3it                -0.631***

               (-9.627)

Intercept -2.351*** -3.248*** 0.298 -2.472***

(-3.518) (-3.377) (0.372) (-4.478)

Overall R-Square 39.30% 35.40% 39.50% 38.00%

N 5,738 2,296 5,520 8,876

Notes:

1. T-tests are reported in parenthesis

2. R-square is overall R-square for panel regressions 

3. eqtyshit is defined as follows: Pension Plan Assets in Equities/Total Pension Plan Assets

4. comstshit is defined as follows: Pension Plan Assets in Company Stocks/Total Pension Plan Assets

5. pmarit is defined as follows: Interest Cost/(Current Service Cost+Interest Cost)

6. precit is defined as follows: Pension Deficit in Balance Sheet/Enterprise Value

7. punrecit is defined as follows: Off-Balance Sheet Pension Deficit/Enterprise Value

8. Other variables are defined in Table 3

Table 10: Continued
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Continued

Table 11: Three-stage least square regression of volatility and spread with asset mix

The baseline model presented in Table 5 was re-estimated as a system of two simultaneous equations estimated 

using three-stage least squares, where the dependent variables are respectively corporate spreads and stock price 

volatility

PANEL A: INVESTMENT GRADES ONLY

With equity allocation only With equity & company stock allocation 

Dependent Variable SPit volit SPit volit

pdefit 10.566*** 1.178*** 6.196*** 0.208***

(23.826) (22.535) (14.769) (3.896)

passetit 0.613*** 0.081*** 0.511*** 0.095***

(3.774) (4.231) (3.767) (5.499)

eqtyshit -0.05 -0.013 -0.369** 0.01

(-0.465) (-1.007) (-3.163) (0.676)

comstshit -0.446 0.208***

(-1.366) (5.016)

levltit 3.349*** 0.276*** 2.638*** 0.201***

(37.006) (25.860) (26.860) (16.158)

levstit 0.269*** 0.110*** 0.064 -0.029***

(3.735) (12.902) (0.935) (-3.293)

dur 2it -0.568*** -0.024 -0.830*** -0.024

(-3.331) (-1.202) (-7.245) (-1.675)

dur 3it -0.346* -0.022 -0.574*** -0.028

(-2.026) (-1.071) (-5.004) (-1.911)

dur4it -0.278 -0.023 -0.440*** -0.030*

(-1.635) (-1.134) (-3.863) (-2.075)

year 2it 0.655*** 0.039*** 0.471*** 0.056***

(26.722) (13.447) (22.005) (20.533)

Intercept 0.213 0.278*** 0.940*** 0.259***

(1.149) (12.775) (6.753) (14.682)

R-Square 44.40% 28.46% 53.60% 31.97%

N 4,806 4,806 2,025 2,025
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PANEL B: AGGREGATE

Dependent Variable SPit volit SPit volit

pdefit 23.858*** 1.007*** 14.731*** 0.428***

(19.198) (15.994) (6.317) (4.516)

passetit 0.024 0.124*** -2.029* -0.021

(0.048) (4.798) (-2.407) (-0.622)

eqtyshit -0.794* -0.061*** -0.171 -0.068*

(-2.362) (-3.561) (-0.229) (-2.225)

comstshit -3.372 0.111

(-1.638) (1.329)

levltit 9.152*** 0.646*** 10.744*** 0.656***

(36.213) (50.492) (21.227) (31.871)

levstit 0.344 0.089*** -0.981* -0.113***

(1.415) (7.221) (-2.195) (-6.232)

dur 2it -0.252 -0.017 -0.615 -0.027

(-0.415) (-0.557) (-0.791) (-0.841)

dur3it -0.219 -0.012 -0.717 -0.025

(-0.361) (-0.401) (-0.921) (-0.797)

dur 4it -0.785 -0.024 -0.920 -0.032

(-1.297) (-0.786) (-1.191) (-1.014)

year 2it 1.029*** 0.022*** 0.828*** 0.039***

(12.932) (5.342) (6.059) (6.959)

Intercept -0.639 0.204*** -0.239 0.261***

(-0.989) (6.224) (-0.260) (6.997)

R-Square 30.90% 38.15% 23.10% 38.20%

N 5,738 5,738 2,296 2,296

Notes:

1. T-tests are reported in parenthesis

2.  eqtyshit is defined as follows: Pension Plan Assets in Equities/Total Pension Plan Assets

3.  comstshit is defined as follows: Pension Plan Assets in Company Stocks/Total Pension Plan Assets

4. Other variables are defined in Table 3

Table 11: Continued
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strongly significant. It appears 

that a mature plan is negatively 

correlated with spreads at the lower 

end of the ratings spectrum, 

perhaps because the market 

penalises the resulting increase 

in the volatility of the firm value.

Finally, the results suggest that even 

the bond market may fail to properly 

see through the accounting veil. 

Although both balance sheet and off-

balance sheet pension liabilities 

appear to be both priced by 

corporate spreads, the coefficient 

associated with balance sheet 

liabilities is twice as large in both 

samples20. It appears that the market 

does incorporate all unfunded 

liabilities in bond spreads but gives a 

higher weighting to liabilities 

reported in the balance sheet.

7.2 What about other countries?
All the evidence presented so far 

refers to the US. We investigate here 

whether the bond market accounts 

for pension liabilities in the same 

way in other two major countries 

where defined benefit pension 

liabilities are significant: the UK 

and Japan.

Disclosure of pension information, 

which used to be widely different 

across countries hampering 

comparability, has become more 

homogenous thanks to the work of 

the International Accounting 

Standards Committee (IASC) and the 

publication of IAS 19, the accounting 

standards for employee benefits, 

which was first issued in 1999. 

Notwithstanding this, there are still 

some differences in pension 

disclosure between US, UK and 

Japan. For instance, FRS 17 in the UK 

has removed the distinction between 

balance sheet and off-balance sheet 

pension deficits by requiring the full 

deficit to be accounted for, although 

companies have so far retained the 

option to keep the entire deficit off-

balance sheet.

While the Waton Wyatt data in the 

US is based on disclosure required 

under FAS 87 accounting standard, 

the source for the UK is the 

disclosures required under FRS 1721 

accounting standard and the source 

for Japan it is a database maintained 

by Nikkei which includes disclosure 

of retirement benefits in line with 

requirements set out by the ASBJ22 in 

April 2000. The UK database includes 

the constituents of the FTSE 350 

stock index while the Japanese data 

set includes constituents of the Nikkei 

500. Consistent with the approach 

taken in the US, only companies with 

defined benefit pension liabilities 

were included in the analysis.

The UK and Japanese data sets were 

then merged with the Merrill Lynch 

Global Broad Market Index and the 

Merrill Lynch Global High Yield Index 

with the same methodology of the US 

data set described in Section 3. The 

resulting UK sample include between 

352 bonds from 87 companies in 2001 

rising to 479 bonds from 97 

companies in 2003, while the Japanese 

sample is made up of 721 bonds from 

86 companies in 2001 rising to 817 

bonds from 88 companies in 2003. 

The UK panel include a handful of 

non-investment grades bonds (16 in 

2003), while the Japanese sample has 

investment grades only because there 

are no bonds issued by Japanese 

companies in the Merrill Lynch Global 

High Yield Index.

IAS 19 has insisted that companies 

should set discount rates with 

reference to market yields (high 

quality corporate bonds with similar 

duration)23, which ensure 

comparability of reported numbers 

and makes it harder for companies to 

actively manage pension assumptions 

in order to improve their accounting 

numbers24. In spite of the recent 

accounting standards convergence, 

the methodology employed to 

calculate pension liabilities is not yet 

perfectly homogeneous across 

countries. Less problematic is the 

treatment of pension assets, which is 

sufficiently close to market value in 

all of the three countries. 

Table 12 shows median discount 

rates and corporate yields in the 

three countries considered in this 

section. Given that FRS 17 is very 

21  The accounting standard FRS 17, which was 
issued in November 2000 with the purpose of 
replacing the old SSAP 24, requires a far more 
extensive disclosure of pension items, including 
a broadly homogenous measure of liabilities, 
pension assets at straight market value and 
pension plan asset allocation. 

22  Accounting Standards Board of Japan.

23 See IASB (2004) p.982-986.
24  See Bodie et al. (1985) and Thies and Sturrock 

(1988).

20  The difference between the two coefficients 
is significant at 99% confidence level in both 
samples using a standard Chi-square test of 
coefficient restrictions.
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Table 12: Corporate yields and discount rates

Median 
discount rate

Minimum 
discount rate

Maximum 
discount 

rate

Median AA 
rate (3 to 5 

years)

Median AA 
rate (5 to 10 

years)

Median AA 
rate (> 10 

years)

SAMPLE A: US INVESTMENT GRADES PANEL

2001 7.25% 6% 8% 5.07% 6.33% 6.72%

2002 6.75% 5.4% 7.5% 3.46% 5.27% 5.87%

2003 6.24% 5.5% 6.78% 3.58% 5.15% 5.58%

SAMPLE B: US AGGREGATE PANEL

2001 7.25% 6% 8% 5.07% 6.33% 6.72%

2002 6.75% 5% 7.5% 3.46% 5.27% 5.87%

2003 6.25% 5.2% 7.8% 3.58% 5.15% 5.58%

SAMPLE C: UK PANEL

2001 6% 5.5% 6.5% 5.71% 5.85% 5.98%

2002 5.6% 5.15% 6% 4.29% 5.17% 5.48%

2003 5.5% 4.85% 6% 4.01% 5.33% 5.40%

SAMPLE D: JAPANESE PANEL

2001 2.5% 1.625% 5.25% 0.55% 1.42% 1.61%

2002 2.4% 0.6% 6.5% 0.31% 0.90% 1.04%

2003 2% 0.65% 4.65% 0.52% 1.37% 1.45%

Notes:

1. Median AA rates are calculated within the corresponding sample

2. Discount rates are those used to calculate pension liabilities and reported in the notes to the accounts

3. When discount rates are reported in ranges the mid point was taken

prescriptive on the use of AA 

corporate yields, discount rates do 

not deviate substantially from market 

yields in the UK. US companies have 

retained more flexibility but, 

especially in the investment grades 

panel, discount rates have come 

closer to market yields in 2002 and 

2003. On the other hand, there is 

still substantial variation in discount 

rates across Japanese companies: the 

maximum discount rate in 2003 was 

still over 300 basis points above 

long-term corporate rates. 

With these caveats in mind, Table 13 

replicate the baseline random effects 

model of credit spreads in the UK 

and Japanese panel as well as some 

of the models with additional 

predictors presented in Section 7.1. 

A model with the ratio of projected 
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Table 13: UK and Japan spread models

The baseline model presented in Table 5 and a range of alternative models presented in Table 10 were 

re-estimated using data referred to UK and Japanese bonds and companies

PANEL A: UK

Baseline

With Projected 
Benefit Obligation 

only
With maturity of 

liabilities With asset mix

pdefit -3.254*** -4.879*** -2.782**

(-3.725) (-4.090) (-3.148)

passetit 3.290*** 4.762*** 2.974***

(12.965) (11.021) (11.075)

pbolevit 2.424***

(11.072)

eqtyshit -0.746***

(-3.506)

pmatit -0.673*

(-2.214)

levltit 2.072*** 1.982*** 2.148*** 2.000***

(8.735) (8.006) (6.964) (8.425)

levstit -0.422*** -0.395*** -0.129 -0.424***

(-3.845) (-3.431) (-0.885) (-3.889)

volit 5.088*** 5.071*** 4.230*** 5.082***

(20.034) (19.256) (13.447) (20.102)

dur 2it -0.467 -0.475 -0.556 -0.439

(-1.417) (-1.411) (-1.195) (-1.337)

dur 3it -0.227 -0.236 -0.293 -0.199

(-0.689) (-0.702) (-0.629) (-0.608)

dur 4it -0.114 -0.136 -0.271 -0.092

(-0.348) (-0.408) (-0.584) (-0.282)

Continued
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Baseline

With Projected 
Benefit Obligation 

only
With maturity of 

liabilities With asset mix

year 2it 0.128* -0.071 0.144 0.067

(2.256) (-1.502) (0.616) (1.124)

year 3it -0.132* -0.288*** -0.187 -0.202***

(-2.431) (-5.836) (-0.804) (-3.487)

Intercept -1.068** -0.917** -0.42 -0.511

(-3.141) (-2.638) (-0.753) (-1.366)

Overall R-Square 59.00% 55.70% 60.00% 59.60%

N 1,126 1,127 823 1,124

PANEL B: JAPAN

pdefit 1.588*** 1.491***

(4.202) (3.931)

passetit 0.004 -0.232

(0.015) (-0.798)

pbolevit 0.614***

(3.455)

precit 0.707

(1.601)

punrecit 3.144***

(5.605)

pmatit 0.459*

(2.573)

levltit 0.257 0.315* 0.211 0.174

-1.857 -2.293 -1.505 -1.336

Table 13: Continued

Continued
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Baseline

With Projected 
Benefit Obligation 

only
With maturity of 

liabilities With asset mix

levstit 0.694*** 0.669*** 0.691*** 0.647***

(6.460) (6.241) (6.439) (6.098)

volit 0.253* 0.325** 0.217 0.185

(2.135) (2.795) (1.831) (1.571)

dur2it 0.168 0.165 0.173 0.162

(1.382) (1.358) (1.427) (1.314)

dur3it 0.280* 0.275* 0.281* 0.283*  

(2.335) (2.293) (2.359) (2.333)

dur4it 0.269* 0.265* 0.272* 0.276*  

(2.301) (2.256) (2.335) (2.328)

year2it -0.042* -0.027 -0.028 -0.044** 

(-2.497) (-1.705) (-1.580) (-2.578)   

year3it -0.009 -0.014 0.012 0.009

(-0.504) (-0.760) (0.618) (0.479)

Intercept -0.408** -0.423** -0.555*** -0.344*  

(-2.699) (-2.797) (-3.468) (-2.333)   

Overall R-Square 2.50% 2.50% 2.00% 3.60%

N 2,218 2,218 2,218 2,152

Notes:

1. T-tests are reported in parenthesis

2. R-square is overall R-square for panel regressions 

3. pbolevit is defined as follows: Project Benefit Obligation (=Aggregate Pension Liabilities)/Enterprise Value

4. eqtyshit is defined as follows: Pension Plan Assets in Equities/Total Pension Plan Assets

5. pmatit is defined as follows: Interest Cost/(Current Service Cost+Interest Cost)

6. precit is defined as follows: Pension Deficit in Balance Sheet/Enterprise Value

7. punrecit is defined as follows: Off-Balance Sheet Pension Deficit/Enterprise Value

8. Other variables are defined in Table 3

Table 13: Continued
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benefit obligation to enterprise value 

among the predictors, without 

splitting between funded and 

unfunded liabilities, was also fitted 

to the data for reasons which will 

become evident in the discussion of 

UK results. The results can be 

summarised as follows:

1. Whilst credit spreads are only 

associated with the relative size 

of unfunded pension liabilities 

in Japan, the UK bond market 

seems to worry about the 

relative size of projected benefit 

obligations and not about scheme 

deficits. When controlling 

for the relative size of funded 

obligations, the Pension Deficit to 

Enterprise Value ratio even enters 

the equation with a negative sign. 

2. The relationship between spreads 

and pension liabilities seems to be 

economically significant in the UK. 

The estimated coefficient associated 

with the relative size of pension 

liabilities is similar in magnitude 

and even larger than the 

coefficients associate with leverage 

arising from long-term debt. 

3. The predictive power of the 

structural model specification 

used in this paper is very 

different in the UK and Japan. 

R-square in the UK approaches 

60% while it is below 5% in 

Japan. Further research might 

address this case of  apparent 

market segmentation.

4. The interrelation between 

pension liabilities maturity and 

credit spreads is confirmed to 

be a complex one: in the UK 

sample the estimated coefficients 

is positive, similarly to the US 

investment grades sample, while 

in Japan is negative, like the 

aggregate sample in the US.

5. In the UK sample, when 

controlling for the relative size 

of pension liabilities and deficits, 

the equity share of total assets 

(on average 63% in the 2003 

sample of UK companies) has a 

negative and significant effect, 

unlike in the US. It appears that, 

in spite of the debate sparked 

by the decision of the Boots 

pension scheme in July 2001 to 

switch entirely its pension assets 

into bonds25, the market does 

not seem to view a conservative 

asset allocation as a risk-reducing 

factor for the sponsoring 

company. Unfortunately this 

exercise could not be replicated 

in the Japanese panel because 

the asset mix of the pension 

fund is not disclosed 

in the accounts.

6. Whilst the US market seemed to 

give a higher weighting to pension 

liabilities reported in the balance 

sheet, off-balance sheet liabilities 

are more important in Japan: the 

coefficient associated with 

balance sheet liabilities is three 

times smaller and not significant 

at 90% confidence level.

8 Conclusion8 Conclusion
This paper examined the link 

between credit risk and pension 

liabilities using an econometric 

specification which builds upon 

structural models of market spreads 

but modifies it to allow for the 

presence of a defined benefit pension 

fund. The empirical test is carried 

out using US data for the period 

2001-2003 referred to around 350 

investment grade issuers and 

between 100 and 150 high yields 

issuers. A similar test using UK and 

Japanese companies is also 

performed for comparison. 

The paper provides support for the 

“extended balance sheet” hypothesis. 

Consistent with previous studies on 

the stock market or credit ratings, we 

find that even the US corporate bond 

market takes into account unfunded 

pension liabilities and the sensitivity 

of spreads to pension liabilities in 

the baseline specification is twice as 

large as the sensitivity to ordinary 

long-term debt. This key finding 

seems to be sufficiently robust to 

25  See Ralfe (2001), Alexander (2002) and 
Sutcliffe (2005) for a discussion.
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alternative econometric specifications 

of the baseline model. Moreover, 

estimated coefficients suggest that 

large unfunded retirement 

obligations may be penalised with 

significant rises in borrowing costs: 

for instance in 2002, when deficits 

were largest, the model estimated 

with the aggregate sample predicts a 

15% (equivalent to 40 basis points) 

decrease in credit spreads if the 

relative size of pension deficit goes 

from sample mean to zero, while 

everything else remains at its 

sample mean.

Secondly, the relationship between 

pension liabilities and funding does 

not appear to be a monotonic one 

and therefore a linear regression 

model can only provide a first-order 

approximation. When the sample is 

partitioned to separate out 

overfunded plans we find that, 

consistent with Carroll and Niehaus 

(1998) results on credit ratings, the 

market does not seem to reward 

excess assets as much as it punishes 

excess liabilities. In addition to that, 

when underfunded plans are 

partitioned into quartiles according 

to the magnitude of deficits relative 

to company size, we find some 

evidence of diverging patterns. 

This suggests that the market, whilst 

it does seem to take reported 

pension deficits into account, may 

consider additional factors when it 

comes to incorporating corporate 

pension funds in a credit risk 

framework.

Third, and in connection with the 

previous point, the bond market 

seems to price pension fund-related 

factors other than the relative size of 

unfunded liabilities. This could be 

justified because of the uncertainty 

over the true economic liability of 

defined benefit plans. Funded 

liabilities are still priced by spreads 

as if there were some residual risk 

and liability duration also seems to 

be taken into account, although the 

sign of the relationship is 

ambiguous. However, pension plan 

asset allocation does not seem to 

matter for credit spreads, either 

because the bond market has not 

yet incorporate this element, which 

was not disclosed in the accounts 

before 2003, or perhaps because 

the market does not see much 

difference in risk exposure across 

companies. Finally, even the 

bond market does not seem to be 

immune to accounting bias and 

appears to give a higher weighting 

to liabilities recognised in the 

balance sheet as opposed to 

off-balance sheet ones reported 

in footnotes.

Finally, some of these patterns seem 

to apply to other countries as well, 

although some differences emerged 

in bond market recognition of 

pension liabilities. For instance in 

the UK the market seems to be 

worried about gross pension 

liabilities and not deficits, while in 

Japan off balance sheet liabilities 

seem to be more important than 

those in the balance sheet.

In conclusion, the empirical results 

in the paper shed light for the first 

time on the interrelation between 

corporate bond markets and pension 

liabilities. Future studies could 

extend this methodology by 

including companies without pension 

funds in the analysis or investigate 

the response to other forms of long-

term employee benefits reserves such 

as health liabilities in the United 

States or severance liabilities in 

countries such as Italy or Austria. 

Future work could also improve the 

modelling framework by including 

non-linearities in the relationship 

between yields and leverage or by 

calibrating a theoretical model of 

credit spreads which includes 

pension liabilities. 
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