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Introduction
• Defined benefit pension plan

• Pension payment follows a formula  
Payment 
= 1% × Expected [final salary] × (# of service years) 

• Projected benefit obligation (PBO) = present value of all 
expected future pension payments

• Assumptions to calculate the present value
Pension discount rate

Low rate: high PBO
High rate: low PBO 
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Introduction
• Guidelines for choice of pension discount rates

• Employee Retirement Income Security Act (ERISA) 
requires the rates to be within a specified range above 
or below the weighted average of the interest rates on 
30-year Treasury bonds for the previous four-year 
period.

• SFAS No. 87 of Financial Accounting Standard Board 
(FASB) suggests employers to refer to rates of return 
on high-quality fixed-income investments for financial 
reporting purpose. 
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Introduction
• The 30-year Treasury bond yield was 4.83% in 

December 2002. 
• Johnson & Johnson Co. (AAA) assumed a pension 

discount rate of 6.75%; the firm’s PBOs were 
understated by 0.7% of the beginning of the fiscal 
market value

• Goodyear Tire & Rubber Co. (B) assumed a pension 
discount rate of 7.25%; the reported PBO is 
understated by 29.2% relative to the beginning of the 
fiscal year market value. 
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Introduction
• S&P rating plays a key role in financial markets 

(Graham and Harvey, 2001)
• On the balance sheet information
• Off the balance sheet information (Martin and 

Henderson, 1983; Maher, 1987; Carroll and Niehaus, 
1998; Campbell, Dhaliwal, and Schwartz Jr., 2012) 

• S&P wants to normalize pension discount rates for all 
firms.

• But it conducts surveys and see if pension discount 
rates confirm to the norm.
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Introduction
• Former Security and Exchange Commission Chairman 

Arthur Levitt’s comment.
• “Off-balance sheet debt persists, distorting the financial 

picture investors have been given in companies in many 
sectors" (Wall Street Journal, February 10, 2003). 

• In this study, we aim to answer two relevant questions. 
• First, how large is the economic value of these hidden 

liabilities relative to alternative interest rate benchmarks? 
• Second, do the understated pension liabilities affect the 

credit rating of individual firms? 
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Introduction
• Early studies include Horrigan (1966), Pogue and Soldofsky (1969), 

West (1970), Pinches and Mingo (1973, 1975), Altman and Katz 
(1976), Kaplan and Urwitz (1979), and Blume, Lim, and MacKinlay
(1998).

• Sengupta (1998), Anderson, Mansi, and Reeb (2003), Bhojraj and 
Sengupta (2003), Klock, Mansi, and Maxwell (2005), and Ashbaugh-
Skaife, Collins, and LaFond (2006) examine the impact of corporate 
governance, ownership structure, board structure, and transparency 
on debt ratings and costs of debt.

• Other have investigated the economic and information role of rating 
changes issued by multiple rating agencies (Bongaerts, Cremers, and 
Goetzmann, 2012) and the impact of credit rating related regulatory 
changes on cost of debt capital (Kliger and Sarig, 2000; Tang, 2009; 
Kisgen and Strahan, 2010). 

9



Introduction
• Brown and Wilcox (2009) and Novy-Marx and Rauh 

(2009, 2011) examine the measurement of public 
pension liabilities. 

• They report much larger state public pension liabilities 
after applying financial valuation to the pension 
liabilities of U.S. states by using appropriate discount 
rates rather than expected rate of return on pension 
assets stipulated under Government Accounting 
Standards Board. 
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Introduction
• Hann, Lu, and Subramanyam (2007) develop methods 

for obtaining estimates on corporate pension benefit 
formula parameters. 

• They replace the assumed discount rate by the 
corresponding industry median discount rates and 
examine the value relevancy of discretionary versus 
nondiscretionary components of projected benefit 
obligations. 
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Introduction
• Campbell et al. (2012) consider the role of funded 

status and mandatory contributions in affecting both 
credit rating and cost of capital including cost of debt. 

• They find that an increase in mandatory contributions 
increase cost of capital, but only for firms facing 
greater external financing constraints. 
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Introduction
• Lucas and Zeldes (2006) attempts to measure the “true 

value” or “theoretically correct’ value of PBOs.
• PBOs depend on expected future salary.
• Aggregate wage growth rates and stock returns are 

positively correlated in the long run.
• The discount rates for PBOs annuities should be time 

varying.
• Suppose we measure PBO in 2001, the discount rates 

in 2002, 2003,…, should be time-varying.
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Introduction
• Lucas and Zeldes (2006) use simulation to show that 

the “theoretically correct” discount rate for Alcoa in 
2001 is 5.7%.

• The assumed discount rate for Alcoa is 7.75%.
• The difference is more than 2%.
• This 2% servers as a benchmark.
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Data Sources, FASB Statements, and Variable Definitions

• CRSP: Market capitalization, daily individual stock returns, value-
weighted market returns; and 30-year Treasury bond yields, one-year 
Treasury bill yields.

• COMPUSTAT: annual accounting items and pension variables.
• COMPUSTAT: S&P issuer credit ratings.
• Mergent Corporate Bond Securities Database (FISD): corporate debt 

issue characteristics, S&P issue specific ratings.
• Debt issues have bond type codes of CDEB, CMTN, CMTZ, 

CPAS, CPIK, CS, CZ, RNT, USBN.
• Coupon payments are fixed and payment frequency is twice a 

year.
• Barclays Bank PLC: yields on AAA- and AA-grade corporate bond 

yields. Data are available from October 1988 – December 2013.
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Data Sources, FASB Statements, and Variable Definitions

• FASB Statements
• SFAS No. 87 (effective after December 1986) requires a 

smoothed model for pension accounting that gradually 
incorporates fair value FS, or the difference between PA and 
PBO. 

• SFAS No. 132 (effective in 1998) only requires the disclosure of 
ABO if ABO exceeds PA.

• SFAS No. 132(R) (effective in 2003) again requires the 
disclosure of ABO.

• SFAS No. 158 (effective after December 2006) requires firms to 
immediately incorporate fair value FS in their consolidated 
statements. 
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Data Sources, FASB Statements, and Variable Definitions

Four categories of variables
• Market and accounting
• Ownership and governance
• Traditional pension variables, funded status and 

mandatory contributions
• Understated pension liabilities 
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Data Sources, FASB Statements, and Variable Definitions

• Market and accounting 
• ME_INF = market value in 2013 billion dollars
• COVERAGE = (operating income after depreciation + 

interest expense)/interest expense
• MARGIN = operating income before depreciation/sales
• LLEV = long-term debt /total assets 
• PPE = net property, plant, and equipment/total assets   
• BETA = systematic risk
• R2   =  price synchronicity
• TRANS = transparency
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Data Sources, FASB Statements, and Variable Definitions

Transparency measures 

Use Dechow, Sloan, and Sweeney (1995) model to obtain 
residual., Use absolute value of the residuals  (Hutton, Marcus, 
and Tehranian, 2009)

Other measures generate similar results.
Francis et al. (2004, 2005)
Lang and Maffett (2011), Lang, Lins, and Maffett (2012)
Ashbaugh-Skaife, Collins, and LaFond (2006)
Barth, Konchitchki, and Landsman (2013) 
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Data Sources, FASB Statements, and Variable Definitions

• Traditional pension variables

FS = (PA – PBO)/ME(-1)

MC, non-positive, scaled by ME(-1)
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Data Sources, FASB Statements, and Variable Definitions

Off-balance sheet item:

PCPP: part of FS that appears in balance 
sheet.
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Data Sources, FASB Statements, and Variable Definitions

• Understated PBOs

PCT_TB30Y, PCT_AAA20Y, PCT_AAA25Y, PCT_AAATM

PCT_AA20Y, PCT_AA25Y, PCT_AATM
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Data Sources, FASB Statements, and Variable Definitions

• Understated ABOs

A𝑃𝑃𝑃𝑃𝑃𝑃_𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇, APCT_AAA20Y, APCT_AAA25Y, APCT_AAATM

APCT_AA20Y, APCT_AA25Y, APCT_AATM
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Data Sources, FASB Statements, and Variable Definitions

• Pension discount rate (rDISCOUNT)
• Assumed rate of return that firms use to value their 

pension liabilities 
• Discount rate benchmarks

• 30-year Treasury bond yield (rTB30Y)
• 20-year and 25-year AAA- and AA-grade corporate 

bond yields (rAAA20Y, rAAA25Y, and rAA20Y, rAA25Y)
• Term-structure AAA- and AA-grade corporate 

bond yields (rAAATM and rAATM)
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S&P Credit Ratings and Summary Statistics

• The S&P issuer credit rating dataset from 
COMPUSTAT contains 590,792 non-missing monthly 
ratings on 5,450 firms from January 1988 to 
December 2013. 

• The pension dataset from COMPUSTAT contains 
29,038 firm-year observations with non-missing PAs 
and PBOs on 2,338 firms over the same period.

• After merging these two datasets by CUSIP and 
calendar month corresponding to the fiscal year end, 
we can retain 11,904 firm-year observations.
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S&P Credit Ratings and Summary Statistics

• We require that the last monthly credit rating within the 
fiscal year be available when pension data and other 
accounting information for the same fiscal year are 
available.

• Eliminate 1,600 observations with missing pension 
discount rates and 1,084 observations with missing 
compensation growth rates, 9,220 observations.

• Additional variables be available, final sample 8,604 
observations.

• Firm-year observations and number of firms with pension 
information are similar to those reported in Rauh (2006) 
and Picconi (2006).  
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S&P Credit Ratings and Summary Statistics

• Among 8,604 observations, ABOs are missing for 
1,546 observations.

• This is because FASB issued SFAS 132 in 2003, 
under which disclosure of ABOs are not required 
when PA > ABO.

• We impute ABOs from estimated N, number of years 
to retirement.
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S&P Credit Ratings and Summary Statistics

• Treatment on missing ABOs (mainly from 1998-2003 
due to SFAS No. 132) 

• 𝑃𝑃𝑇𝑇𝑃𝑃 = 𝐴𝐴𝑇𝑇𝑃𝑃 1 + 𝑔𝑔 �𝑁𝑁, 𝑔𝑔 = compensation growth rate
• For non-missing PBOs and ABOs, estimate the average 

expected remaining years of service 

• �𝑁𝑁 = log 𝑃𝑃𝑇𝑇𝑃𝑃/𝐴𝐴𝑇𝑇𝑃𝑃 /log 1 + 𝑔𝑔 .

• Replace missing �𝑁𝑁 by the corresponding median value 
from the non-missing observations. 

• Replace missing ABO by 𝐴𝐴𝑇𝑇𝑃𝑃 = 𝑃𝑃𝑇𝑇𝑃𝑃/ 1 + 𝑔𝑔 �𝑁𝑁
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S&P Credit Ratings and Summary Statistics

• S&P issuer credit rating

AAA, AA, A, BBB, BB, B, CCC, CC, C, and D
We group into AAA, AA, A, BBB, BB, B and below
in the probit model, correspond to 
6, 5, 4, 3, 2, 1.

S&P issuer credit rating for instrumental variable (IV)
analysis: 
AAA=22, AA+=21, …, D=1.
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S&P Credit Ratings and Summary Statistics: Table 1
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S&P Credit Ratings and Summary Statistics: Table 1

31



S&P Credit Ratings and Summary Statistics: Table  2
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S&P Credit Ratings and Summary Statistics: Table 2

33



S&P Credit Ratings and Summary Statistics

• The average size is $109.98 billion for firms with a AAA 
rating. The corresponding average size is only $1.62 billion 
for firms with a B rating or below. 

• The mean interest coverage is 32.45 for AAA-rated firms 
and 1.81 for B and below firms.

• FS is 1.18% for AAA-rated firms and -12.90% for B-rated 
firms. B-rated firms have a shortage of funding for their 
pension plans as large as 12.90% of the beginning of the 
fiscal year market value.

• MC ranges from -0.14% to -1.48%. Lower rated firms face 
more mandatory contributions. 
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S&P Credit Ratings and Summary Statistics
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Ordered Probit Model
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Ordered Probit Model
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The likelihood function for a sample of panel data takes 
the following form:

where the indicator variable Dj takes the value of one 
when RATINGi,t is equal to j and zero other wise. 
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Basic Ordered Probit Model Estimates: Table 3
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Basic Ordered Probit Model Estimates: Table 3
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Basic Ordered Probit Model Estimates

The estimated coefficients (t-stat.)

• ME_INF:                   0.480  (12.99)
• COVERAGE:             0.012  (4.70)
• MARGIN:                  1.446     (3.56) 
• LLEV: -3.578 (-13.35)
• PPE:                         0.689     (3.10). 
• BETA: -0.912  (-16.04)
• R2:                             2.694    (14.19). 
• TRANS :                     6.298     (5.63).
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Basic Ordered Probit Model Estimates

The estimated coefficients on the year dummy exhibit a clear 
pattern of declining magnitude from -0.043 to -1.905.  Nine 
out of eleven dummies are highly significant. 

The pattern confirms the results from Blume, Lim, and 
MacKinlay (1998) for an earlier period from 1975 to 1998. 

The negative coefficients on the year dummies suggest that 
given the constant slope coefficients on eight firm 
characteristics, firms need to have higher values on 
COVERAGE or lower values on LLEV, for example, in order 
to cross the same threshold of µ1,…, µ5. 
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Basic Ordered Probit Model Estimates

The estimated coefficients on pension variables:

Our last model includes FS and MC only. 
The estimates (t-stat.) are 0.008 (2.02) and 0.116 
(3.13)

FS has a high correlation of 0.77 with MC.

OFFB is dominated by FS.
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Basic Ordered Probit Model Estimates

Throughout the paper, the t-statistics have been 
adjusted for clustering in firm effect.

See Petersen (2009) and Thompson (2011).

Angrist and Pischke (2008) suggest a minimum 
number of above 40 for the number of clustering.

In this case, the clustering should be adjusted.
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Discount Rate Change and Interest Rate Benchmarks

Table 4 compares the pension discount rates 
with interest rate benchmarks.
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Discount Rate Change and Interest Rate Benchmarks: 
Table 4
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Discount Rate Change and Interest Rate Benchmarks:
Table 4
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Discount Rate Change and Interest Rate Benchmarks

• Panel A1,  the first column shows 
rDISCOUNT > rTB30Y,    98.0%
rDISCOUNT > rAAA20Y,  96.1%
rDISCOUNT > rAAA25Y,  96.0%
rDISCOUNT > rAA20Y,    50.9%
rDISCOUNT > rAA25Y,    61.1%
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Discount Rate Change and Interest Rate Benchmarks

• Panel A2, first column, mean value of 
rDISCOUNT – rBenchmark

rDISCOUNT – rTB30Y,    1.32%
rDISCOUNT – rAAA20Y,  1.12%
rDISCOUNT – rAAA25Y,  1.13%
rDISCOUNT – rAA20Y,    0.01%
rDISCOUNT – rAA25Y,    0.08%
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Discount Rate Change and Interest Rate Benchmarks

• Panel A2, first column, median value of 
rDISCOUNT – rBenchmark

rDISCOUNT – rTB30Y,    1.16%
rDISCOUNT – rAAA20Y,  1.04%
rDISCOUNT – rAAA25Y,  1.03%
rDISCOUNT – rAA20Y,    0.01%
rDISCOUNT – rAA25Y,    0.11%
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Discount Rate Change and Interest Rate Benchmarks

Panel B shows the regressions results:

The t-statistics are also adjusted for the clustering in 
firm effect.

(5)   ,  r  r ti,

28

1

11

1

Benchmark
ti,10

DISCOUNT
ti, εδδ +++∆+=∆ ∑∑

== k
k

j
j IDYD

50



Discount Rate Change and Interest Rate Benchmarks
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Discount Rate Change and Interest Rate Benchmarks

52



Discount Rate Change and Interest Rate Benchmarks
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Discount Rate Change and Interest Rate Benchmarks
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Discount Rate Change and Interest Rate Benchmarks

• From Panel B of Table 4, the estimate for the slope coefficient (t-
stat.) is 0.233 (21.27) when the benchmark is the 30-year Treasury 
bond. This suggests that a 100 basis point drop in long-term 
Treasury bond yields will result in a 23.3 basis point drop in pension 
discount rates. 

• The estimates (t-stat.) are 0.313 (27.41) and 0.275 (24.07) when the 
benchmark is long-term AAA-grade corporate bond yields 

• The estimates (t-stat.) are 0.609 (47.32) and 0.598 (47.44) when the 
benchmark is long-term AA-grade corporate bond yields. 

• Overall, pension discount rates respond to changes in benchmark 
interest rates by less than one to one. 
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• 𝐴𝐴 = (1 − 1 + 𝑟𝑟 −𝐿𝐿)/𝑟𝑟: the annuity factor of an 𝐿𝐿 period annuity 

at a pension discount rate of 𝑟𝑟

• 𝐾𝐾𝐾𝐾 × (1 + 𝑔𝑔)𝑁𝑁 : expected annuity employees will receive after 

retirement

• 𝐿𝐿: the life expectancy of workers, i.e., 𝐿𝐿 = 15

• 𝐾𝐾 : the proportion of employees’ wages that are payable given

current service performed and vesting

• W : current wage  

• 𝑔𝑔 : compensation growth rate 

• 𝑁𝑁 : number of years to retirement 

Understated Pension Liabilities
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Understated Pension Liabilities

From the relation:

We solve for

(7)                                                   .)1( NgABOPBO +=

)8(                                     .1log(/)/log(ˆ g)ABOPBON +=

as: 
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Understated Pension Liabilities

Then we obtain estimate for KW:

where

is the annuity factor valued at rDISCOUNT and 

as: 
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• PBO discounted at the 30-year Treasury bond yield 

can be calculated as:  

Understated Pension Liabilities
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• The understated PBO is the difference between 

the reported PBO and PBOTB30Y divided by the 

beginning of the fiscal year market value ME(-1):

Understated Pension Liabilities
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• The understated ABO is the difference between the 

reported ABO and ABOTB30Y divided by the 

beginning of the fiscal year market value ME(-1):

Understated Pension Liabilities
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Understated Pension Liabilities: Table 5
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Understated Pension Liabilities: Table 5
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Understated Pension Liabilities: Table 5
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Understated Pension Liabilities: Table 5
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• Panel A shows  UPBOs (million USD)
AAA (highest)                 B (lowest)

rTB30Y -1314.6                          -85.2
rAAA20Y                                                 -1124.8                          -73.4
rAAA25Y                                                 -1098.0                          -72.6
rAAATM -1033.3                          -74.8
rAA20Y                                                    -85.6                            -6.6
rAA25Y                                                    -144.1                            -9.8
rAATM -100.4                          -13.7

Understated Pension Liabilities
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• Panel A shows  UPBOs (%)
AAA (highest)              B (lowest)

rTB30Y -1.1                          -7.2
rAAA20Y                                                 -0.9                          -6.2
rAAA25Y                                                 -0.9                          -6.1
rAAATM -0.8                          -5.9
rAA20Y                                                    -0.1                          -0.5
rAA25Y                                                    -0.1                          -0.9
rAATM -0.1                          -1.0

Understated Pension Liabilities
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• Panel A shows  UABOs (million USD)
AAA (highest)                 B (lowest)

rTB30Y -1172.0                          -77.9
rAAA20Y                                                 -1006.3                          -67.4
rAAA25Y                                                    -987.6                          -66.8
rAAATM -933.6                          -69.1
rAA20Y                                                    -75.4                            -5.9
rAA25Y                                                    -127.8                            -9.0
rAATM -91.8                          -12.8

Understated Pension Liabilities
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• Panel A shows  UABOs (%)
AAA (highest)              B (lowest)

rTB30Y -1.0                          -6.5
rAAA20Y                                                 -0.8                          -5.6
rAAA25Y                                                 -0.8                          -5.5
rAAATM -0.7                          -5.4
rAA20Y                                                    -0.1                          -0.5
rAA25Y                                                    -0.1                          -0.8
rAATM -0.1                          -1.0

Understated Pension Liabilities
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Understated Pension Liabilities
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Understated Pension Liabilities
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Understated Pension Liabilities
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Understated Pension Liabilities
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Ordered Probit Model with Understated Pension Liabilities:
Table 6
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Ordered Probit Model with Understated Pension Liabilities: 
Table 6

75



Panel A of Table 6 shows:

PCT_TB30Y:              0.013 (2.24)

PCT_AAA20Y:            0.013 (2.04)

PCT_AAA25Y:            0.014 (2.17)

PCT_AAATM:             0.017 (2.71)

Firms with more severely understated PBOs are associated with 

a lower credit rating

Ordered Probit Model with Understated Pension Liabilities
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Panel B shows

APCT_TB30Y:                            0.019 (3.18) 

APCT_AAA20Y:                          0.020 (2.86)

APCT_AAA25Y:                          0.020 (3.03)

APCT_AAATM:                            0.021 (3.25)

The understated ABOs not only have large slope coefficients but 

also large t-statistics, implying that understated ABOs have a 

greater impact on S&P issuer ratings than understated PBOs.

Ordered Probit Model with Understated Pension Liabilities

77



Ordered Probit Model with Understated Pension Liabilities:
Table 7
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Table 7 shows:

βX × σX, where βX is the estimated coefficient and σX is the 
standard deviation of the independent variable X. 

Model 1 in Table 7 shows that the products βX × σX are 0.734, 
0.158, 0.121, -0.461, 0.170, -0.479, 0.494, and 0.156 
respectively, for ME_INF, COVERAGE, MARGIN, LLEV, PPE,
BETA, R2, and TRANS.

Ordered Probit Model with Understated Pension Liabilities
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Model 1 in Table 7 also shows:
βX × σX

FS 0.091
MC 0.065
PCT_TB30Y 0.069

From Model 5 in Table 7:
FS 0.091
MC 0.052
APCT_TB30Y 0.091

Ordered Probit Model with Understated Pension Liabilities
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We calculate the value of PBOs by replacing firms’ 

assumed wage growth rate g by the corresponding 

industry median gMEDIAN,

Ordered Probit Model with Understated Pension Liabilities
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Then the difference between the reported PBO and the 

PBO valued at the industry median wage growth rate is 

calculated as:

Ordered Probit Model with Understated Pension Liabilities
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Panel C of Table 5 shows that g - gMEDIAN are 0.380, 

0.061, 0.064, 0.017, -0.093, and -0.092%, respectively. 

DPBO_WGRO, are 0.086, 0.027, 0.029, -0.037, -0.117, 

and -0.122%, respectively, for firms rated AAA to 

firms rated B and below

Ordered Probit Model with Understated Pension Liabilities
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We include the variable DPBO_WGRO in the probit

models in Table 6.  From Model 1 in Panel A, the 

estimate (t-stat.) for DPBO_WGRO is 0.052 (1.04).

Therefore, S&P credit ratings are not significantly 

related to the differences in PBO values due to 

differences in wage growth assumptions.

Ordered Probit Model with Understated Pension Liabilities
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The impact is small.  It is about half the impact of 

understated PBOs (0.031 versus 0.069 in Model 1 of Table 

7) and less than half the impact of understated ABOs 

(0.031 versus 0.091 in Model 5 of Table 7).

In addition, we find that DPBO_WGRO becomes 

insignificant after we incorporate ownership and corporate 

governance variables with fewer firm-year observations. 

Ordered Probit Model with Understated Pension Liabilities
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Pension discount rates are decision variables. 

Therefore, there is an endogeneity issue with respect 

to the positive relation we find in the probit model. 

We use instrumental variable (IV) estimators (two-

stage (2SLS) and three-stage (3SLS) least squares).

We treat RATING and understated PBOs or 

understated ABOs as endogenous variables. 

Instrumental Variable Analysis
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Instrumental Variable Analysis
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where Z = [ME_INF COVERAGE MARGIN LLEV PPE BETA

R2 TRANS TB1Y FS MC] .

TB1Y refers to the yield on one-year Treasury note. 

USPL refers to 

UPBO=(PCT_TB30Y, PCT_AAA20Y, PCT_AAA25Y, 

PCT_AAATM) 

UABO=(PCT_TB30Y, PCT_AAA20Y, PCT_AAA25Y, 

PCT_AAATM).

Instrumental Variable Analysis
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Instrumental Variable Analysis: Table 8
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90



Stock and Yogo (2002) and Stock, Wright, and Yogo

(2002) estimate the critical value to be 8.96 when 

testing the strength of one instrument.  

We use this criterion to identify the strong instruments 

for both credit rating and understated pension 

liabilities. 

Instrumental Variable Analysis

91



Table 8 shows 

Strong instruments for RATING: 8 variables: 

ME_INF COVERAGE LLEV PPE BETA R2 TRANS 

TB1Y

Instrumental Variable Analysis
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Table 8 shows 

Strong instruments for USPL: 4 variables: 

COVERAGE MARGIN TB1Y MC

Instrumental Variable Analysis
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The level of one-year Treasury bond yields, TB1Y, 

also serves as a strong instrument for understated 

pension liabilities. 

This happens because firms lower their pension 

discount rates by less than one for one (Panel B of 

Table 4) following a decline in interest rate 

benchmarks. 

Instrumental Variable Analysis
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As interest rates, including TB1Y, drop significantly 

from 1991 to 2013, we find pension liabilities are less 

responsive, indicating more hiding behavior by firms.

This leads to a significant positive correlation between 

TB1Y and various measures of understated pension 

liabilities.

Instrumental Variable Analysis
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Instrumental Variable Analysis: Table 9
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Instrumental Variable Analysis: Table 9

97



• In summary, the 2SLS results provide strong evidence that the 
causal direction is from understated pension liabilities to S&P 
credit rating, rather than from S&P credit rating to understated 
pension liabilities.

• In simple terms, firms try to hide, but rating agencies detect this 
behavior and award higher ratings to firms who hide less and 
award lower ratings to firms who hide more. 

• The positive relation between S&P credit rating is not driven by 
the other possibility that low quality firms, possibly with a low 
rating in the past or anticipating a low rating, tend to hide more.

Instrumental Variable Analysis
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• The three stage least square analysis developed by Zellner and 
Theil (1962) goes one step further by using the 2SLS estimated 
variance-covariance matrix of the error terms to simultaneously 
estimate the equations determining RATING and UPBO (UABO).

• We also estimate the 3SLS system and find results that essentially 
mirror those from the 2SLS analysis. We do not report the 3SLS 
results in this paper.

• In 2SLS and 3SLS, t-statistics are adjusted for the clustering-in-
firm effect.

Instrumental Variable Analysis
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• The existing literature typically treats funded status and 
mandatory contributions as exogenous. We follow this tradition 
and use funded status and mandatory contributions as instruments 
in our 2SLS and 3SLS analyses. 

• Because the measurement of FS depends on PBOs and the 
measurement of MC depends on both PBOs and ABOs, which in 
turn depend on the assumed pension discount rates, the 
traditional measures of FS and MC are not strictly exogenous. 

Instrumental Variable Analysis
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• We, therefore, measure FS and MC using yields from the 30-year 
Treasury bond as the discount rate. Our new measures, FS0 and 
MC0, are strictly exogenous and have a highly significant 
correlation (p-value) of 0.91 (0.00) and 0.96 (0.00), respectively, 
with traditional measures of FS and MC. 

• We repeat all 2SLS and 3SLS analyses using FS0 and MC0 as 
instruments and obtain the same conclusions. 

Instrumental Variable Analysis
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Adding the following variables do not change our conclusions.
The sample size becomes smaller.

INST, BLOCK, TOP5

BHOL  = percentage of board members holding stocks 
in the firms

Ownership and Corporate Governance
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GINDEX,  Gompers, Ishii, and Metrick (2003) 
index

EINDEX, Bebchuk, Cohen, and Ferrell (2009)

are not significant.

BIND, percentage of board members that are independent.

Ownership and Corporate Governance
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Ownership and Corporate Governance: Table 10

104



Ownership and Corporate Governance: Table 10
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Pension annuities are long-term liabilities for firms. It 

is, therefore, interesting to see what yields investors 

require when firms issue debts, especially long-term 

debts.

In this section, we compare pension discount rates with 

yields on debts issued by the firms. 

Compare Pension Discount Rated with 
Yields on Bonds Issued by Firms
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Our sample of 8,604 firm-year observations contains 

S&P issuer credit ratings for 860 firms over the June 

1991 to December 2013 period. 

We search the Mergent Corporate Bond Securities 

Database (FISD) for bonds issue by these 860 firms in 

these 8,604 fiscal years. 

Compare Pension Discount Rated with 
Yields on Bonds Issued by Firms
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We also require that S&P issue-specific credit ratings 

be available during the same fiscal year when bonds 

are issued. 

Since S&P issue-specific credit ratings are issued 

monthly, we use the first rating after the debt is issued. 

We identify a total of 3,043 debt issues by 542 firms 

during the July 1991 to December 2013 period. 

Compare Pension Discount Rated with 
Yields on Bonds Issued by Firms
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Compare Pension Discount Rated with 
Yields on Bonds Issued by Firms: Table 11
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Compare Pension Discount Rated with 
Yields on Bonds Issued by Firms: Table 11
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Panel D of Table 11 shows Pension discount rates are 

significantly lower than bond yields with maturity of 

30 years and above. The median difference is -0.20%. 

The significant median difference of -0.20% is driven 

primarily by firms rated BBB, BB, and B and below. 

Compare Pension Discount Rated with 
Yields on Bonds Issued by Firms
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Lower rated firms choose pension discount rates that 

are below the yields on the bonds they issue. 

Firms rated AAA, AA, and A choose pension discount 

rates that are similar to yields on the 30-year bonds 

they issue.

Compare Pension Discount Rated with 
Yields on Bonds Issued by Firms
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In other words, although lower rated firms tend to hide 

their pension liabilities by choosing discount rates 

above the high quality long-term AAA-grade and AA-

grade corporate bond yields, they are not so aggressive 

as to assume pension discount rates above the yields on 

the low quality long-term bonds they issue.

Compare Pension Discount Rated with 
Yields on Bonds Issued by Firms
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• Because pension liabilities are long-term fixed 
income contracts, a small change in the pension 
discount rate will lead to a large change in pension 
liabilities. 

• We assess the magnitude of understated pension 
liabilities and relate them to S&P credit ratings.
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• Both firms’ PBOs and ABOs are severely 
understated relative to long-term Treasury bond and 
AAA-grade corporate bond yields. This is not the 
case relative to AA-grade corporate bond yields.

• Understated pension liabilities are significantly 
related to S&P credit ratings; firms with more 
hidden pension liabilities have lower credit ratings.
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