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I Introduction

Longevity risk is the risk that, on average, people live longer than expected. From a human
point of view, lower realized mortality rates constitute positive news. Unfortunately, for
defined benefit (DB) pension plans this increases the average length of time over which
benefits are provided and, given that the size of global DB pension promises is substantial,

means the potential costs of longevity risk are worthy of serious examination.

This paper aims to provide an empirical assessment of the impact of longevity risk on DB
pension plans. To answer to this question, we focus on data provided by the U.S. Depart-
ment of Labor (DOL), specifically on the Form 5500 data. This dataset contains detailed
information on various actuarial assumptions, including the mortality table used in the com-
putation of a plan’s pension liabilities, which allows us to estimate the effect of life expectancy

assumptions on the value of pension liabilities.

The results show that each year of life expectancy raises pension liabilities by 3 to 4 percent.
The economic magnitude of this effect is substantial. As of 2007, U.S. private DB pension
plans were underfunded by $83 billion and had total aggregate pension liabilities of approx-
imately $2.2 trillion. A one-year shock to longevity would thus increase U.S. private DB
pension liabilities by as much as $84 billion, thereby doubling the degree of underfunding.!
Corporate pension sponsors would have to make many multiples of typical annual pension

contributions to match these extra liabilities.

!Underfunding is computed by comparing pension funds’ actuarial value of assets and liabilities.



Put into a different perspective, the impact of an additional year of life expectancy on the
liabilities of both U.S. private and public pension funds corresponds to an amount equivalent
to 1.5 percent of U.S. 2007 Gross Domestic Product (GDP).2 On a global basis, the aggre-
gate value of private DB pension liabilities amounts to $23 trillion, implying that a similar

longevity shock could raise global private pension liabilities by as much as $2.8 trillion.3

To our knowledge, this paper provides the first empirical assessment of the impact of
longevity risk on pension plans. Previous studies generally rely on hypothetical or what-
if-type analyses to derive the effect of life expectancy assumptions on pension liabilities, see
for example Antolin (2007) or Dushi, Friedberg, and Webb (2010). One advantage of the
approach used in this paper is that, by using actual data, it provides an average estimate
of the longevity impact for private DB pension plans in the United States. Furthermore,
we are able to estimate the impact of a longevity shock on different subsamples of plans
and, in this regard, find that the effect is similar across different types of funds. Finally, the
proposed method disentangles the effect of an additional year of life expectancy on pension
liabilities and therefore does not depend on exogenous assumptions regarding the magnitude

of improvement in life expectancy.

The realization of longevity risk - and thus an increase in pension liabilities - constitutes

2The estimate for the total amount of U.S. public DB pension liabilities in 2009 is $3.19 trillion and
corresponds to the most conservative estimate in Novy-Marx and Rauh (2011). Note that the impact of
life expectancy shocks on both private and public pension liabilities should only be viewed as a rough
approximation as (i) the data for private pension liabilities stems from 2007 whereas the estimate in Novy-
Marx and Rauh (2011) refers to 2009 and (ii) it is assumed that an additional year of life expectancy has
the same effect on public pension liabilities as it has on private DB pension liabilities.

3The aggregate value of the projected benefit obligation (PBO) for 2010, reported for all of the listed
companies in the 139 research lists from DATASTREAM includes more than 90 countries and equals $22.6
trillion: $14.4 trillion in Europe, $5 trillion in the Americas, and about $2 trillion in the rest of the world.



a likely event. Past forecasts, independent of the technique they used, have consistently
underestimated improvements in future life expectancy. A study by the U.K. Office for
National Statistics has evaluated the forecast errors made in the United Kingdom over the
past decades and has shown that forecasts were consistently too low in each successive
forecast.? Bongaarts and Bulatao (2000) show that 20-year forecasts of future life expectancy
in Australia, Canada, Japan, New Zealand and the United States have underestimated
longevity improvements by three years on average.” Mortality tables are based on such
forecasts and their accuracy thus depends on the quality of the forecasting technique and
the frequency with which they are updated. While the Pension Protection Act of 2006 has
constrained the freedom pension plan sponsors had in using (outdated) mortality tables,
it is not able to mitigate the problem of underestimating improvements in life expectancy.
Moreover, the Pension Protection Act of 2006 only requires that mortality tables are updated
(at least) every ten years, thereby leaving room for a lumpy and significant increase in pension

liabilities due to the realization of longevity risk.

The paper proceeds as follows. Section (II) provides a short literature review on longevity
risk and its relation to private and public pension funds. Section (IIT) presents the underlying
dataset and Section (IV) estimates the impact of longevity assumptions on corporate pension

plans.

4For more details, see Shaw (2007).

5In addition, a sudden break-through in the treatment of a severe illness has the potential to substantially
increase life expectancy. Although clearly beneficial for individuals and society as a whole, this would lead
to a lumpy and significant increase in pension liabilities. For details, see IMF (2012).



II Related Literature

This section provides a short overview of the literature on longevity risk and its impact on
private and public pension plans. Specifically, we first present a brief review of longevity
forecasting methods, then discuss papers investigating the impact of longevity risk on pension

plans and conclude with a discussion of more broadly related literature.

In general, mortality projections are the result of extrapolative approaches based on his-
torical trends, which may be complemented by a mix of expert opinion and process-based
methods focusing on the evolution of causes of death. Process-based methods use biomedi-
cal assumptions to forecast death rates stemming from various causes of death. A potential
shortcoming is that they necessitate a model for which factors drive aggregate death rates

6

and, if they are used for forecasting purposes, a projection of the same factors.” For a

detailed literature review on mortality projections, see Waldron (2005).

Extrapolative approaches focus on past trends and attempt to forecast future life expectancy
using historical data on death rates. A common benchmark approach for modeling future
mortality rates is based on the model proposed by Lee and Carter (1992) which employs time-
series analysis to forecast mortality rates. Their methodology first estimates an underlying
mortality index using variation in mortality data across different age groups over time, and
then employs this index to forecast future longevity rates. The Lee-Carter model explains

93 percent of the past variation in U.S. mortality rates.

6For more details, see CMI (2004).



Follow-up studies have successfully applied the model to other countries such as Canada,
France, Japan and Sweden. Nevertheless, the Lee-Carter model might be unable to detect
any structural changes in the underlying mortality index. It might also have trouble explain-
ing mortality experience in countries with strong cohort effects such as the United Kingdom.
For more details, see for example Lee and Miller (2001), CMI (2004), CMI (2011) and Girosi
and King (2007).

Antolin (2007) provides a numerical analysis on the impact of longevity risk on defined
benefit pension plans. He computes pension liabilities for a hypothetical pension fund that
is closed to new entrants and then analyzes the effect of deterministic improvements in life
expectancy on the funds pension liabilities. Antolin finds that an unexpected improvement
in life expectancy of one-year per decade could increase pension liabilities by 8-10 percent,

depending on the age-structure of the hypothetical pension fund.

Dushi, Friedberg, and Webb (2010) compute the impact of updating mortality tables used
to estimate the pension liabilities reported on Forms 10-K, which typically reflect mortality

" They find that updating mortality tables according to the Lee-

rates in the early 1980s.
Carter model — which suggest an increase of life expectancy at age 60 of about 3 years
since the early 1980s — would increase liabilities by 12 percent for the average male plan

participant.

Given the documented magnitude of longevity risk, the paper also indirectly relates to the

"Dushi, Friedberg, and Webb (2010) report that in 2006, the majority of U.S. pension plans used the
GAM-1983 Table and more recently more plans have started to switch to the RP-2000. The use of outdated
tables has also been reported in the United Kingdom, where pension plans assume a life expectancy at age
60 of 85, two years lower than suggested by more recent estimates. See fore example LCP (2006).



literature on longevity risk transfer. DB pension plan providers can hedge longevity risk using
market based solutions such as pension buy-ins, buy-outs, securitization, longevity swaps or
longevity bonds. Bifis and Blake (2009) provide a detailed comparison of the various trade-
offs involved across the different methodologies and products. However, as also shown by
IMF (2012), while the use of capital market based solutions to manage longevity risk has

been growing, the overall global activity remains rather small.®

A more pragmatic way for pension plan sponsors to mitigate longevity risk is to offer defined
contribution (DC) plans instead.” In that case, the risk is shifted to the employee who can
hedge it by purchasing annuities from the insurance sector. However, Mitchell, Poterba,
Warshawsky, and Brown (1999) demonstrate that for the average retiree the cost of pur-
chasing annuities is significant. Dushi and Webb (2006) show that few households actually
purchase annuities, partly also because annuities are not priced at actuarially fair levels for
general populations. The high cost of purchasing annuities can to some degree be explained
by adverse selection, that is those who expect to live longer opt to buy annuities which forces
private insurers to raise prices for the average retiree. In fact, when providing evidence on
manadatory annuitization in Singapore Fong, Mitchell, and Koh (2011) show that annuities

are cheaper when provided by the public sector.

8Note that this does not hold for the United Kingdom and the Netherlands who host an active longevity
risk transfer market.

9Defined contribution (DC) plans only require the sponsor to make regular contributions to the plan but
shift the expected payout (i.e. benefit) risk to the employee.



III Data

This study uses the filings of the Form 5500 pension plan data from the Department of Labor
(DOL).' The information submitted to the DOL is partitioned into separate schedules and
includes general information on the plan (Form 5500), actuarial information (Schedule B),

1

financial information (Schedule H) and others.!! Any administrator or sponsor of a plan

must file this information once a year.

This study focuses on the general information section and the corresponding actuarial and
financial information for fillings submitted to the DOL between 1995 and 2007. The starting
point is motivated by the fact that as of 1995 information regarding the underlying mortality
tables used in actuarial computations have become available. The study ends in 2007 as this
is the last year for which this information is provided — starting in 2008 schedule B was

replaced by schedules MB and SB, which do not explicitly identify the mortality tables used.

As of 2007, private DB pension plans covered approximately 42 million plan participants
and the total value of existing pension promises equaled $2.2 trillion. In this paper, pension
liabilities correspond to the current liability measure as stated in Schedule B (actuarial
section) of Form 5500 and are similar to accumulated benefit obligations. That is, they

correspond to the nominal value of payments that have been already promised and accrued.

It is important to note that this definition is very conservative as future years of service

and potential wage increases are not taken into account. While the Form 5500 also includes

10We use data provided by the Center of Retirement Research at Boston College.
"For more information on other type of information, please see IRS (2007) page 8.
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an actuarial liability measure which in principle is similar to the concept of a projected
benefit obligation, it turns out that this actuarial liability is often lower than the current
liability measure. The reason for the difference is that the current liability measure uses
state-imposed discount rates and mortality assumptions whereas for the actuarial liability
measure companies are more flexible in their assumptions, allowing typically higher discount

rates.!?

When computing the present value of future pension obligations, corporations have to make
and report several actuarial assumptions. These range from the interest rate they employ
to the mortality tables underlying the computations of the expected length of future payout
streams. Since 1995, information on the underlying mortality tables for men and woman is

available and has been reported to the DOL.!?

Table (1) shows which mortality tables have been used for male active workers between
1995 and 2007. Over the sample period, pension plans have based their calculations on
the (1) 1951 Group Annuity Mortality Table, (2) 1971 Group Annuity Mortality Table, (3)
1971 Individual Annuity Mortality Table, (4) the 1984 Unisex Pension Table, (5) the 1983
Individual Annuity Mortality Table, (6) the 1983 Group Annuity Mortality Table, (7) the

127J.S. pension law uses two different definitions of pension liabilities. For pension contributions to the
funding standard account, the relevant measure is the Actuarial Liability (AL). The AL is an estimate of
the benefits that workers earned from their past service, calculated under assumptions set by the sponsor.
For additional charges, on the other hand, the relevant measure is the Current Liability (CL). The CL is a
measure of the benefits accrued to date using discount rates and mortality tables prescribed by law. Since
the discount rate mandated by law is likely to be lower than the rate used by the sponsor, the AL is generally
lower than the CL. Both measures are used in the calculation of the full funding limitations. For a clear
and concise presentation of the different liability concept and their relationship to liability concepts used for
accounting, see Pension Committee of the American Academy of Actuaries (2004).

13Specifically, the Form 5500 includes information on pre- and post-retirement mortality tables for both
men and women.
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1994 Uninsured Pensioner Table and (8) the 2007 Mortality Table.!* The category “Other”
includes undefined mortality tables, “None” means that no mortality table has been used

and “Hybrid” means that the standard mortality tables have been modified by the pension
fund.

Several issues are worthwhile commenting on. First, there is a substantial amount of variation
in the use of different mortality tables over time and across pension funds. Specifically, Table
(1) shows that the fraction of firms employing the 1983 GAM Table varies between 69 percent
and 16 percent over the sample period. Also, 12 percent of all the funds switched to the
most recent mortality table in 2007. Finally, we can also observe that the fraction of funds
which employ an unspecified table (i.e. “Other”) increased from 7 percent in 2000 to 57

percent in 2007.

Table (2) displays additional summary statistics of funds using the different mortality tables.
Panel A displays the average pension liabilities and shows that plans using the most current
mortality table or unspecified tables are on average larger than funds employing the 1983
GAM mortality table.!® Thus, this paper uses robustness checks below to make sure that
results are neither driven by the size of pension funds nor by the fact for some funds informa-
tion regarding their mortality assumptions is unavailable. Finally, the column “All” shows

that there has been a steady increase in the average pension liabilities per plan.'® Panel B

14To be precise, the Form 5500 distinguishes between (i) the 1983 Group Annuity Mortality and (ii) the
1983 Group Annuity Mortality (solely per Rev. Rul. 95-28). Because both (i) and (ii) are based on the
same mortality table, we do not distinguish between the two. For more information, see Service (1995).

15This is consistent with the anecdotal evidence highlighted in Dushi, Friedberg, and Webb (2010) sug-
gesting that larger plans are more likely to use more up to date mortality tables.

I6Note that the average plan-specific pension liabilities are similar to figures imputed when using data
from the Pension Benefit Guarantee Corporation (PBGC).
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includes the number of plans employing the respective mortality tables and implicitly shows
that part of the variation in the average size of plans — using for example the 1951 and 1971

GAM tables — is driven by the small overall number of plans in that category.

In order to measure the impact of longevity assumptions on pension liabilities, it is crucial
to get an understanding of how these tables differ. Table (3) therefore displays a snapshot of
expected death rates of males and females at different ages as implied by the various mortality
tables. Focusing on males aged 60, it can be seen that the 1951 Group Annuity Mortality
Table and the 1984 Unisex Pension Table specify the highest death rates whereas the 1983
Individual Annuity Mortality Table and the 2007 Table incorporate the most conservative
longevity assumptions. Table (3) also shows that simply ranking mortality tables by the
year mentioned in their title would lead to incorrect inferences regarding the underlying
longevity assumptions. This is because the title does not refer to the year in which the table
was constructed but instead to the year for which the forecast was undertaken. Besides, the

tables also differ with respect to the underlying sample.'”

In order to rank the tables by the underlying mortality assumptions, we compute the implied
life expectancy at age 63 for working males.!® Life expectancy can be derived from mortality
rates by first computing survival rates and then summing up all successive multi-period

survival rates. It should be noted that this ranking is superior to a simple ranking based

1"The 1971 Group Annuity Mortality is based on data from 1964-1968 and summarizes expected mortality
rates of persons at all ages in the year 1971. The Unisex Pension (UP) 1984 Table uses mortality experience
of uninsured pension plans over the period from 1965 to 1970. The 1983 Group Annuity Mortality is based
on data from 1966 to 1975 and summarizes expected mortality rates for the year 1983. The 1994 Uninsured
Pensioners Table serves as an update to the 1984 UP Table whereas the the mortality table 2007 subject to
Section 1.412(I)(7)-1 of the income tax regulations provides an update to the 1983 GAM table.

8Note that the average retirement age for our sample is equal to 63.18 years.
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Table 3: Mortality Rates for Various Mortality Tables: This table compares mortality rates
as assumed in different mortality tables. Specifically, rates are denoted in percent and are displayed
for the (1) 1971 GAM, (2) the UP 1984, (3) the 1983 GAM, (4) the UP 1994 and (5) the 2007
Mortality Table. Mortality rates are shown for individuals aged 40, 50, 60, 67 and 80. Panel A
displays mortality rates for males, Panel B for females.

Age 1951 1971 1971 Uup 1983 1983 UP Table
GAM GAM IAM 1984 IAM GAM 1994 2007
Panel A: Males
40 0.2000 0.1633 0.1633 0.2327 0.1341 0.1238 0.1153 0.0904
50 0.6475 0.5285 0.5285 0.6196 0.4057 0.3909 0.2773 0.1557
60 1.5555 1.3119 1.2249 1.5509 0.0834 0.9158 0.8576 0.5177
67 3.0112 2.6316 2.0290 2.9634 1.5717 1.9804 1.9391 1.3349
80 9.9679 8.7431 6.4599 8.8852 5.7026 7.4070 6.6696 5.5919
Panel B: Females
40 0.1338 0.0938 0.0938 0.1513 0.0742 0.0665 0.0763 0.0506
50 0.3070 0.2151 0.2151 0.3769 0.1830 0.1647 0.1536 0.1184
60 0.7837 0.5489 0.6628 0.9875 0.4467 0.4241 0.4773 0.4640
67 1.6457 1.1621 1.0622 1.8685 0.8888 0.8681 1.1574 1.1132
80 7.4146 5.6085 4.6386 5.7775 3.6395 4.2945 4.2361 4.1582

on age specific death rates as the concept of life expectancy incorporates all future expected
death rates beyond that age. The ranking is used to construct a longevity variable which is

introduced in Definition (1).

Definition 1 We define the following longevity variable which summarizes the implied life
expectancy for males aged 63 for the various mortality tables. Specifically, life expectancies

are as follows.

Looking at the mortality tables which are still in use in 2007, the difference in implied life

expectancy between the oldest and most current mortality table amounts to 4.20 years.'®

19The most outdated table still in use is the 1971 Group Annuity Table.



16

Longevity Variable Value (years)
No Table 14.32
1951 Group Annuity Table 14.32
Unisex Pensioner 1984 Table 14.74
1971 Group Annuity Mortality 15.34
1983 Group Annuity Table 17.20
1971 Individual Annuity Mortality 17.41
Uninsured Pensioner Table 1994 17.76
1983 Individual Annuity Table 18.24
2007 Mortality Table 19.54

Focusing on the large fraction of firms employing the 1983 Group Annuity Table, the dif-
ference with respect to the most recent table is still substantial and equals 2.34 years. This
longevity variable will be employed in the regression analysis below to capture the effect of

mortality assumptions on pension liabilities across firms and over time.?

In order to create the final sample, we proceed as follows. Starting with the full sample
for which information on pension liabilities and mortality information are available (157,320
plan-year observations), we first exclude all observations for which information on the un-
derlying mortality assumptions is not available, i.e. those classified as “Other.” This reduces
the sample to 132,288 plan-year observations. As a next step, we delete all plan-year obser-
vations which can not be clearly assigned (i.e. those classified as “Hybrid”) to the categories
mentioned in Table (3). The final sample consists of 110,968 plan-year observations and
captures both cross-sectional as well as plan-specific variability in the underlying mortality

tables.

2ONote that the Pension Protection Act of 2006 specifies that as of 2008, pension plans have to base
computation of pension liabilities on mortality tables prescribed by the Secretary of the Treasury. The
regulation requires that these tables shall be updated at least every ten years. Companies can apply to use
their own mortality tables if certain conditions are met. For further information, see H.R. (2006).
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IV  Analysis

This section estimates the impact of longevity assumptions on pension liabilities. We start
by introducing a simple valuation model which serves as a guideline for the subsequent
empirical tests and then apply the implied regression setup to our final dataset. The section

concludes by presenting several robustness checks.

A A Simple Valuation Model

The subsequent analysis focuses on the idea that DB pensions can be modeled as an annuity,
i.e. that they guarantee a specified regular payment to retirees for the remainder of their
lives. Going back to as early as De Witt (1671), it is known that the present value of a

pension liability L is given by

L:pb;% (1)

where p is the number of plan participants, T is the assumed maximum life span, s; denotes
the survival probability over i periods, b is the promised amount of periodical payouts and r
denotes the discount rate.?! To capture the impact of longevity assumptions, we will proxy

for equation (1) by using

21Tn reality, the promised periodical payment b would differ across employees. However, using the average
payment across employees leads to a similar valuation than computing the present value of the liability using
different b;’s.
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L~ ph [M} (2)

22

where n is the expected length of future payouts.”® Rearranging terms and taking the

logarithm, it follows that

log(L) = log(p) + log(b) — log(r) + log [(1 + )" — 1] — nlog(1 + ) (3)

Linearizing the last two terms of equation (3), we obtain the following regression specification

log[L] = a+ pilog(p) + Balog(b) + Pslog(r) + Ban + Pslog(r) x n + € (4)

which will be estimated in a panel regression, accounting for plan specific effects. The main
interest consists in estimating the coefficient 84 which measures the impact of one additional

year of life expectancy on the present value of pension liabilities.

22Note that the life expectancy is equal to the sum of the individual survival probabilities, i.e. n = ZlT Si.
The valuations presented in equation (1) and equation (2) will be exactly equal to each other in case the
discount rate r equals zero. If we assume that r is low, as it is in the current low interest rate environment,
then the approximation is reasonable.



19

B Main Results

We start the analysis by relating the simple pension valuation model to the Form 5500 and
focusing on those plan participants that are already receiving the annuity, i.e. the retired

plan participants.

Specifically, we use data on the value of pension liabilities for retired participants and benefi-
ciaries receiving payments (entry 2(b)(3)(1) Schedule B), the number of retired participants
and beneficiaries receiving payments (entries 7(b) and 7(e) General Information) the value
of total benefit payments (entry 2(e)(4) Schedule H), the employed interest rate (entry 6(a)

Schedule B) and the longevity assumptions as given by Definition (1).

To guarantee a consistent estimation, we drop obvious data errors such as when the value of
(reported) pension liabilities for retired participants and beneficiaries exceeds the total value
of all (reported) pension liabilities or in case it is negative. We also exclude observations in
case the value of (reported) pension liabilities for retired participants and beneficiaries is less
than the total current benefit payments to this group as this indicates that the pension has
not factored in future retirees or beneficiaries and, in all likelihood, this represents a data
error. Finally, we drop observations for which the interest rate is below (above) the 1 (99)

percent level.

Results are displayed in Table (4) and imply that U.S. pension funds face a longevity risk

that would see their liabilities to retired participants increase by about 3 percent for each
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year that their retirees live longer than expected.?® Furthermore, the regression explains
74 percent of the variation in (the logarithm) of pension liabilities and suggests that the

estimation provides a good proxy for the true valuation model.

Table 4: The impact of longevity assumptions on pension liabilities of retired partic-
ipants and beneficiaries receiving payments. This table displays results when estimating
the subsequent regression log[L] = « + Silog[r] + Salog[p] + Bslog[b] + Ban + € where L denotes
the present value of pension liabilities for retired participants and beneficiaries receiving payments
(ACTRL LIAB RTD TOTAL BNFT AMT, entry 2(b)(3)(1) Schedule B), r is the discount rate
employed in the computation of future cash flows (ACTRL CURR LIAB RPA PRCNT, entry 6(a)
Schedule B), p is the number of retired plan participants and beneficiairies receiving payments
(RTD SEP PARTCP RCVG CNT + BENEF RCVG BNFT CNT) b is the per-person amount
of pension promises (TOT DISTRIB BNFT AMT/(RTD SEP PARTCP RCVG CNT + BENEF
RCVG BNFT CNT), entry 2(e)(4) Schedule H) and the variable n is as given by Definition (1).
The estimation is done by accounting for plan-fixed effects and standard errors are adjusted for
heteroskedasticity.

(1)

Coefficient
log(r) -0.945**
log(p) 0.914***
log(b) 0.519***
n 0.030**
Observations 89552
R? 0.742

* p < 0.05, ** p<0.01, ** p<0.001

This finding is largely consistent with estimates that can be derived from the partial deriva-
tive of equation (2) and those reported by the pension industry. See for example Aegon
(2011) who estimates that each additional year of life expectancy adds about 3-4 percent to
liabilities of major pension funds or Hymans and Robertson (2011) who reports that each

additional year of life expectancy adds about 3 percent to the pension liabilities of U.K.

23Due to the high correlation between the interaction term, the interest rate and the longevity index, all
three variables are statistically insignificant such that we only report results without including the interaction
term.
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firms.

To make sure that results are not driven by the size of pension funds, we split the sample
into four equally sized subgroups based on the distribution of the overall pension liabilities.
Table (5) shows that the estimation performs well across all subsamples. It turns out that
an additional year of life expectancy increases pension liabilities to retired plan participants
by 2.4 percent to 3.6 percent.

Table 5: The impact of longevity assumptions on pension liabilities when controlling for
the size of pension funds. For variable definition and details regarding the estimation, please
see Table (4). Columns (1) to (4) display the coefficients associated with the four different quartiles
of the size of pension liabilities.

(1) (2) (3) (4)

Small ~ Medium  Large  Very Large

log(r) -1.226™*  -0.932"* -0.924"*  -0.820***
log(p) 0.809***  0.719"*  0.707*** 0.832***
log(b) 0.405**  0.380"*  0.413*** 0.559***
n 0.032***  0.024™*  0.036*** 0.036***
Observations 21410 22594 22709 22839
R? 0.610 0.553 0.616 0.730

* p < 0.05, " p< 0.0, ** p<0.001

The results displayed in Tables (4) and (5) present estimates for the subsample of retired plan
participants which correspond to the pension valuation model of equation (4), i.e. we focus
on those plan participants that are already receiving the annuity. We now test whether the
results are robust with respect to the full sample and therefore modify the initial valuation
model by recognizing that the present value of an annuity starting t years in the future is
equal to the present value of an annuity starting one period into the future, discounted over
the additional (t-1) periods. The extension thus requires information regarding the time

until expected retirement age for the underlying pension plans.
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While the Form 5500 database does not contain detailed information on the composition
and age structure of a firm’s workforce, we gratefully acknowledge data assistance by the
Pension Benefit Guaranty Corporation who provided this information for a subsample of
447 pension plans covering the period between 2005 and 2007. For each pension plan, the
dataset reports the fraction of participants for each year of age between 20 and 64.2* Using
this information, we then compute the average fraction of participants at each age across
the sample. Results are shown in Figure (1) which visualizes the underlying distribution of
actual ages of the workforce. Note that half of the average workforce is older than 50 years
and thus close to retirement. Moreover, it seems that a large fraction of the workforce retires
at the ages of 50, 55 and 60 (relative to the ages between them) as indicated by the large

declines at these ages.

To estimate the impact of life expectancy assumption on pension liabilities of the full sample,
we use the age-workforce distribution implied by the subsample of 447 pension funds as a
proxy for the average age-workforce distribution of the funds included in the full sample.
Specifically, we first infer the corresponding age deciles and then compute the distance to
retirement for each decile. This number is then used to discount the present value of pension
liabilities at retirement to the time implied by the average age of the decile. For more details

and a derivation of the estimation approach, please see the Appendix.

Table (6) displays corresponding results. Specifically, the table displays results for all funds
between 2005 and 2007 as this is the time period for which data on the age-workforce

distribution is available. Results show that the estimation seems to work reasonably well,

24The original data uses attachments to the Schedule SB and reports the number of participants in 5-year
groups of age/service combinations. The data is then uniformly spread within each of the 5-year groups.
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Figure 1: The composition of the workforce. The figure displays a frequency distribution of
the age of the workforce. Average (median) age equals 46.04 (47.25) years. The statistics are based
on a sample of 447 pension plans over the period from 2005 to 2007.

thereby suggesting that the age-workforce distribution implied by the subsample of funds
works as a good proxy for the age-workforce distribution during that period. Specifically, it

is shown that an additional year of life expectancy raises pension liabilities by 3.7 percent.?

25Unreported results show that, when using the proxy for the full sample, the impact of an additional
year of life expectancy on pension liabilities increases to 7.8 percent. However, given that the distribution
of the workforce has most likely changed over the period from 1995 to 2007, we do not think that the age
distribution of 2005-2007 is a good proxy for the full sample.
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Table 6: The impact of longevity assumptions on total pension liabilities. This table
displays results when estimating the subsequent regression log[L] = a+1log[r]|+ B2log[p]+ B3log[b]+
Ban + 1 X + € where L denotes the present value of total pension liabilities (ACTRL RPA94 INFO
CURR LIAB AMT, entry 2(b)(3)(1) Schedule B), r is the discount rate employed in the computation
of future cash flows (ACTRL CURR LIAB RPA PRCNT, entry 6(a) Schedule B), p is the number of
total plan participants (TOT PARTCP BOY CNT) b is the per-person amount of pension promises
(TOT DISTRIB BNFT AMT/(RTD SEP PARTCP RCVG CNT + BENEF RCVG BNFT CNT),
entry 2(e)(4) Schedule H) and the variable n is as given by Definition (1). The variable X controls
for the effect of the age-workforce distribution and is specified in the Appendix. The estimation is
done by accounting for plan-fixed effects and standard errors are adjusted for heteroskedasticity.

(1)

Coefficient
log(r) -1.675**
log(p) 0.613**
log(b) 0.054***
n 0.037**
X -0.007
Observations 11154
R? 0.531

* p < 0.05, ** p < 0.01, *** p < 0.001

C Additional Robustness Checks

This section presents additional robustness checks regarding the impact of longevity assump-
tions on pension liabilities. Specifically, Section (III) has shown that in the last years of the
sample an increasing fraction of funds has not specified a concrete mortality table, i.e. the

table was classified as “Other.”

Anecdotal evidence suggests that funds may have used the RP-2000 Table which is not
specifically mentioned in the Form 5500 database and thus the corresponding mortality table
would be classified as “Other.” To test how this would affect existing results, we therefore

assume that these funds actually used the RP-2000 Table and compute the corresponding
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life expectancy at age 63.

Table 7: Robustness Check: Unclassified Mortality Tables. This table displays results when
estimating the baseline regression of Table (4) for a larger sample of firms. Specifically, it is assumed
that funds which classify the underlying mortality table as “Other,” follow the RP-2000 Table and
the longevity variable n is updated accordingly. Columns (1) displays the coefficients for the full
sample, columns (2) to (5) for four different quartiles of pension liabilities.

(1) (2) (3) (4) (5)

All Small ~ Medium  Large  Very Large
log(r) -0.915  -1.174%*  -0.976"* -0.886™*  -0.763"**
log(p) 0.933**  0.848"*  (0.720™*  0.738*** 0.852%*
log(b) 0.526**  0.408*  0.384™**  (.436*** 0.559***
n 0.034**  0.031***  0.032***  0.045*** 0.043***
Observations 110607 26475 27845 28024 28263
R? 0.764 0.635 0.571 0.656 0.755

* p < 0.05 ** p<0.01, ** p < 0.001

We then estimate the effect of longevity assumptions both for the full sample and across
different sizes of pension funds. Table (7) displays corresponding results. It can be seen that
an additional year of life expectancy raises pension liabilities by 3.4 percent. Controlling
additionally for the size of pension funds, it turns out that longevity assumptions have a
stronger impact for larger funds as liabilities increase by 4.5 percent (4.3 percent) for medium
(large) funds. Summing up, results are robust with respect to the the possibility that funds
use the RP-2000 Mortality Table.

Alternatively, we conduct two additional robustness checks regarding funds with unclassified
mortality tables. Specifically, we assume that they either use the most conservative table
(the 2007 Mortality Table) or the most common table, i.e. the 1983 GAM Table. Similar to
above, we then re-estimate the model and present results both for the full sample as well as

when controlling additionally for the size of pension funds. Both robustness checks do not
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alter the results and imply that an additional year of life expectancy raises pension liabilities

between 2.4 percent to 3.4 percent. More details can be found in the Appendix.

The final robustness check analyzes whether results are robust with respect to a more recent
time period. We therefore focus on the period between 2001 and 2007 for which we then
re-estimate the benchmark model. Results are again presented for the full sample as well as
when controlling additionally for the size of pension funds. Table (8) shows that results are
qualitatively unchanged.

Table 8: Robustness Check: More recent evidence. This table displays results when estimat-
ing the baseline regression of Table (4) for the more recent period between 2001 and 2007. Columns
(1) displays the coefficients for the full sample, columns (2) to (5) for four different quartiles of
pension liabilities.

(1) (2) (3) (4) (5)

All Small  Medium  Large  Very Large
log(r) -0.655"*  -0.812*** -0.631"** -0.601***  -0.486***
log(p) 0.814**  0.738*  0.710"*  0.769*** 0.695**
log(b) 0.4317*  0.285"*  0.344™*  0.362*** 0.515**
n 0.034=*  0.019*  0.046™*  0.036*** 0.046**
Observations 40663 9770 10252 10264 10377
R? 0.550 0.442 0.453 0.538 0.511

* p < 0.05, ** p<0.01, ** p < 0.001

Summing up, the robustness checks demonstrate that the findings are robust with respect

to the size, the time period, and the exclusion of funds with unspecified mortality tables.
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V Conclusion

To our knowledge, this paper provides the first empirical assessment of the impact of

longevity assumptions on pension liabilities in the United States.

Using detailed actuarial and financial data on U.S. pension funds, we construct a longevity
variable for each pension plan by computing the implied life expectancy under the mortality
table employed in the calculation of pension liabilities. We then infer the impact of longevity

increases across funds and from instances when plans shift to a more recent mortality table.

Results show that longevity assumptions have a statistically significant impact on pension
liabilities. Specifically, it turns out that each additional year of life expectancy increases
liabilities by 3 percent to 4 percent. This effect is robust to the size of pension plans and

also with respect to different specifications and tests.

The effect is also economically significant. Private DB pension liabilities in the United States
amount to approximately $2.2 trillion. This implies that a one-year shock to longevity would
raise U.S. private DB pension liabilities by as much as $84 billion. This would increase the
amount by which private DB pension funds are underfunded by approximately 100 percent
and imply that corporate pension sponsors have to make many multiples of typical annual

pension contributions to match these extra liabilities.

The recognition of additional pension liabilities due to the realization of longevity risk is a

likely event. Past forecasts have systematically underestimated improvements in future life
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expectancy. Mortality tables are based on such forecasts and their accuracy thus depends
on the quality of the forecasting technique and the frequency with which they are updated.
Given the performance of past forecasts and the fact that in the United States mortality
tables have to be updated only at least every ten years, the potential realization of a large

and lumpy increase in pension liabilities is a likely scenario.
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V1 Appendix 1

To derive the extended regression setup, we first modify the initial valuation model by
recognizing that the present value of an annuity starting t years in the future is equal to
the present value of an annuity starting one period into the future, discounted over the
additional (t-1) periods. The extension thus requires information regarding the time until
expected retirement age for the underlying pension plans. Assuming that we split the sample
into deciles based on the age distribution implied by Figure (1), we can rewrite equation (2)

as follows

Loy [ () 0.1 0.1 0.1
~p r (1 + T)(trfmin [tr,t1]) + (1 + T)(trfmin [tr,t2]) +ot (1 + /r-)(trfmin [tr,t10])
(5)

where ¢, and t; denote retirement (age) and current age where i € (1,2,...,10). That is,
in case a plan participant has not reached retirement age yet, future pension payouts are
discounted over an additional period reflecting the difference between current age and the
expected retirement age. To make sure that we don’t employ a negative time-to-retirement,
the minimum of current age and retirement age is applied. Applying the same set of trans-

formations as to equation (2) implies the following testable equation

log[L] = a + pilog(p) + Balog(b) + Pslog(r) + Ban + Pslog(r) x n + BsXe (6)
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_ 0.1 0.1 0.1
where X = IOg ((1+T)<t7‘7min Er 1)) + (1+T)(tr—min Ttr,ta)]) + ...+ (1+7.)tr7min([tr¢10])>'

Table 9: Robustness Check: Unclassified Mortality Tables (2007 Table). This table
displays results when estimating the baseline regression of Table (4) for a larger sample of firms.
Specifically, it is assumed that funds which classify the underlying mortality table as Other, follow
the 2007 Mortality Table. Columns (1) displays the coefficients for the full sample, columns (2) to
(5) for four different quartiles of pension liabilities.

0 @) ® @ &)

All Small  Medium  Large  Very Large
log(r) -0.906**  -1.164** -0.964** -0.877"*  -0.763***
log(p) 0.931%*  0.847**  0.718*  0.736™** 0.850***
log(b) 0.525%*  0.408**  (0.384***  (.435*** 0.558***
n 0.024**  0.024*  0.024**  0.030*** 0.025***
Observations 110607 26475 27845 28024 28263
R? 0.764 0.636 0.571 0.657 0.755

* p < 0.05, ** p<0.01, ** p<0.001

Table 10: Robustness Check: Unclassified Mortality Tables (1983 GAM). This table
displays results when estimating the baseline regression of Table (4) for a larger sample of firms.
Specifically, it is assumed that funds which classify the underlying mortality table as Other, follow
the 1983 GAM Table and the longevity variable n is updated accordingly. Columns (1) displays the
coefficients for the full sample, columns (2) to (5) for four different quartiles of pension liabilities.

0 @) ® @ &)

All Small  Medium  Large  Very Large
log(r) -0.952%*  -1.193** -1.006*** -0.934**  -0.807***
log(p) 0.937*  0.850***  0.724***  0.747* 0.863***
log(b) 0.529**  0.409***  0.386***  (0.442*** 0.567***
n 0.027*  0.026"*  0.023***  0.034*** 0.034**
Observations 110607 26475 27845 28024 28263
R? 0.763 0.635 0.569 0.653 0.753

* p < 0.05 ** p<0.01, ** p< 0.001





