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Becauselife annuities can increase the level and decrease the volatility of lifetime
consumption, economists have long been puzzled by the low demand for life annuities. One
potential rational explanation is that adverse selection drives up life annuity prices, which
drives down demand. We study the choice between life annuities and lump sums made
by 32,000 retiring public employees. These unique data allow us to extend the existing
literature by exploiting economically significant cross-sectional and time-series variation in
life annuity pricing. We find little evidence that retiree demand for life annuities rises when
life annuity prices fall. We find strong evidence that demand responds to salient variation
in individual characteristics, such as health, and to measures of investor sentiment, such as
recent equity returns. (JELH55, D14, G11, G22)

Sincethe publication ofYaari’s(1965) seminal article, economists have argued
that retirees should allocate a substantial portion of their assets to life annuities.
Because life annuities continue making payments until death, they insure
retirees against outliving their accumulated financial assets. In a standard life-
cycle model, this insurance is quite valuable. It is puzzling, therefore, that
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theprivate market for life annuities is small.1 The traditional explanation for
this inconsistency between economic models and economic behavior is that
adverse selection drives up annuity prices, which drives down demand. This
presupposes that retirees are rationally comparing the price of a life annuity
to the expected benefit of smoother lifetime consumption.2 Alternatively, as
delineated inBrown (2009) andBenartzi, Previtero, and Thaler(2011), the
dearth of annuitization may reflect poor financial decision-making, resulting
from financial illiteracy or behavioral biases. Distinguishing between rational
and behavioral explanations for “under-annuitization” is important because
their welfare and policy implications are quite different.

Life-cycle models predict that demand for life annuities will be higher when
the life annuity payments available to retirees are more valuable. Variation in
the value of these payments can arise from differences in retiree characteristics
or from differences in life annuity pricing. However, due to the lack of
plausibly exogenous variation in life annuity pricing, the existing literature
focuses on variation in retiree characteristics (e.g.,Brown 2001;Finkelstein
and Poterba 2004; Bütler and Teppa 2007;Previtero 2010;Inkmann, Lopes,
and Michaelides 2011). Though informative, these articles offer an incomplete
picture of retiree behavior. The fact that demand for life annuities responds
to variation in retiree health, e.g., need not imply that it responds to variation
in life annuity pricing, which may not be salient, even when economically
significant.

To offer a fuller picture of how retirees value life annuities, we study the
actual payout decisions of retirees covered by the Oregon Public Employees
Retirement System (PERS).3 Oursample includes 32,060 retirements between
January 1990 and June 2002. It has two notable features. First, each retiree
must choose whether to receive higher life annuity payments and no lump sum
payment (the “total life annuity” option) or lower life annuity payments and a
lump sum payment (the “lump sum” option). The choice between additional
life annuity payments and cash is analogous to the choice that retirees face
in the private market. Second, our empirical setting provides us with a unique
opportunity to study the impact of plausibly exogenous variation in life annuity
pricing on retiree demand for life annuities.

Variation in life annuity pricing arises from the unusual way in which PERS
calculates retirement benefits. Employees contribute a fixed percentage of their

1 Accordingto Beacon Research, life annuity sales (outside of employer-sponsored retirement plans) totaled eight
billion dollars in 2010, which is small relative to the annual sales of other financial products, such as mutual
funds.

2 Even whenYogo(2009) extends existing life-cycle models to include endogenous investments in health, he finds
that the expected utility gains from access to life annuities vary from 13% to 18%, with smaller gains for retirees
in poorer health. Although these gains are approximately half of those estimated inMitchell et al.(1999), they
are economically significant.

3 PERSis the state agency that administers retirement plans for approximately 95% of the state and local public
employees in Oregon. Our data exclude judges, politicians, or university employees. In 2009, PERS held nearly
$53 billion in assets, making it the twenty-first largest public or private pension fund in the United States.
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salaryto an account with two investment options. Under the lump sum option,
retirees are offered their accumulated retirement account balance as the lump
sum payment. Under the total life annuity and lump sum options, life annuity
payments are calculated using as many as three formulas, and retirees are
automatically offered the maximum payments for which they are eligible. For
some retirees, the maximum payment is based on the retiree’s years of service
and salary history. For other retirees, the maximum payment is obtained when
the retirement account balance is multiplied by a conversion factor, referred
to as the actuarial equivalency factor, which depends only on the retiree’s age.
Whereas the conversion factors used in the private market offer retirees a risk-
free rate of return based on the yield of the ten-year U.S. Treasury note, the
conversion factors used by PERS offer retirees a risk-free rate of return of
approximately 10%, regardless of current market conditions.4

Thesefeatures cause the pricing of PERS life annuities to deviate from the
pricing of life annuities in the private market in three significant ways. First,
PERS life annuity payments are significantly larger than those that could be
purchased with the lump sum in the private market. This reflects the fact that
the yield on the ten-year Treasury note is below 10% during our entire sample
period. For the median retiree, the total life annuity option has a “money’s
worth” of $1.45, meaning that the incremental life annuity payments have an
expected present value of $1.45 per $1.00 in forgone lump sum payment. By
way of comparison,Mitchell et al. (1999) show that the money’s worth of
life annuities offered by life insurance companies is between $0.80 and $0.90.
Second, the fact that different retirees’ maximum life annuity payments are
calculated using different formulas generates cross-sectional variation in the
value of PERS life annuity payments. Consider a retiree whose maximum life
annuity payment is based on her years of service and salary. Because she is also
eligible for life annuity payments offering a 10% rate of return, the payments
based on her years of service and salary history must offer an even higher rate
of return. This is one example of how retiree characteristics that would not
impact the level of life annuity payments in the private market can impact the
level of PERS life annuity payments. Another example is that retirees who first
contributed to PERS after August 1981 are eligible to have their (maximum)
total life annuity payments calculated using one fewer formula than are retirees
who contributed to PERS before that date. Finally, because PERS conversion
factors are not adjusted to reflect market conditions, time-series variation in
the risk-free rate generates time-series variation in the value of the PERS life
annuities relative to those in the private market. Everything else equal, when
the yield on the ten-year Treasury note is lower, the total life annuity option is
more valuable.

4 ThePERS conversion factors are used to determine the initial life annuity payment. Because they were set well
before our sample period begins, when interest rates were routinely near 8%, they assume that the risk-free rate
of return is 8%. Because of the cost-of-living adjustment, payments then increase by 2% per year.
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If retirees understand that PERS life annuities are better than actuarially
fair, we should observe lower demand for lump sum payments in our setting
than in other settings. Indeed, only 15% of PERS retirees choose the lump
sum option. This fraction is significantly lower than one might surmise from a
reading of the literature on the under-annuitization puzzle. Given that there is
no default payout option and Oregon public employees are eligible to receive
life annuity payments from Social Security, the high demand for life annuities
is all the more striking.5 An interpretation of our finding is that the average
retiree recognizes that PERS life annuities are a “good deal.” However, this
begs the question of whether retirees respond to variation in the generosity of
the life annuities available from PERS.

The fraction of retirees choosing the lump sum option ranges from 6.9% in
1992 to 21.7% in 2000. To explain variation in retiree choices, we estimate
both time-series regressions using the fraction of retirees choosing the lump
sum option each month and logit regressions using individuals’ choices. The
logit regressions allow us to exploit the cross-sectional and time-series varia-
tion in the value of life annuity payments described above. They also allow
us to control for differences in retiree characteristics, which we conjecture
are the most salient source of variation. For example, not only should a life
annuity be less valuable to a (single) retiree in poor health, but also the impact
of poor health on the value of the life annuity should be easily understood.
Indeed, we find strong evidence that retirees understand how differences in
health, risk aversion, and the level of already-annuitized income impact the
value of the incremental life annuity income. These findings are consistent
with the predictions of life-cycle models and withBrown (2001),Finkelstein
and Poterba(2004), andInkmann, Lopes, and Michaelides(2011).

In contrast, when we focus on plausibly exogenous variation in life annuity
pricing, our findings are difficult to reconcile with the predictions of life-
cycle models. Although we observe significant cross-sectional variation in the
value of life annuity payments due to the use of multiple benefit formulas,
the evidence that retirees respond to this variation is weak. This suggests
that cross-sectional variation in annuity pricing is not salient. And, although
demand for the lump sum option should decrease when the gap between the life
annuity payments available from PERS and insurance companies like TIAA
increases, we find no evidence that it does. In fact, we find some evidence
that demand for the lump sum is higher when interest rates are lower. One
explanation for this puzzling relation is that retirees are confused about the
role that interest rates play in life annuity valuation, which is consistent with
the evidence in, e.g.,Campbell(2006) andLusardi and Mitchell(2007), who
find that financial illiteracy leads to financial mistakes.

5 BecauseMadrianand Shea(2001) show that default options can have a dramatic impact on financial choices,
it is fortuitous that PERS retirees are not assigned to either payout option by default. Retirees must actively
choose. We should only observe a retiree choosing the total life annuity option when the value she attaches to
the incremental life annuity payments exceeds the value she attaches to the lump sum payment.
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An alternative explanation is that falling interest rates are correlated with
declining economic conditions, which increase the relative value of the lump
sum payment. Similarly, because our sample period includes the NASDAQ
bubble, changes in interest rates may be correlated with changes in investor
sentiment. To limit the impact of omitted-variables bias, we control for the
return on the S&P 500 index over the prior twelve months, the inflation-
adjusted level of the NASDAQ index, and the level of the CBOE Volatility
Index (VIX). Doing so reduces the size of the puzzling relation between
demand for lump sums and the level of interest rates. However, it also
reveals that the one-time, irreversible choice between incremental life annuity
payments and the lump sum is influenced by contemporaneous measures of
investor sentiment. Specifically, we find robust evidence that demand for the
lump sum option is higher when equity market returns are higher, even after
controlling for returns posted to retirees’ PERS retirement accounts. Although
we do not observe if retirees invest the lump sum payment in risky assets,
this finding is consistent with retirees using the lump sum to chase past
returns.6

The extent to which demand for incremental life annuities should respond
to measures of investor sentiment, like the level of the NASDAQ index, is
an open question. However, because the life annuities available from PERS
offer a risk-free rate of return of at least 10%, there is a significant opportunity
cost associated with choosing the lump sum option. To put this opportunity
cost in perspective, consider the 453 retirees who chose the lump sum option
in 2000. The average retiree traded life annuity payments with an expected
present value of $225,421 for an immediate lump sum of $151,367.7

In Section1, we discuss the existing empirical literature. In Section2, we
motivate our empirical predictions and discuss identification. In Section3, we
describe our data. In Section4, we study how demand for lump sum payments
varies with retiree characteristics, the relative value of the incremental life
annuity payments, and recent equity market returns. In Section5, we conclude.
The Appendix provides a detailed description of the PERS benefit calculations.

1. Related Empirical Literature

Our findings complement existing studies of the choice between incremental
life annuities and lump sums.Finkelstein and Poterba(2004) find evidence
of adverse selection using data on life annuities purchased from a large U.K.
annuity company. Similarly, we find that ex post mortality is associated with

6 Benartzi(2001)provides evidence that employees allocate more of their 401(k) contributions to company stock
when the company’s stock return over the prior decade is higher. Similarly,Chevalier and Ellison(1997) and
Sirri and Tufano(1998) provide evidence of return chasing behavior by mutual fund investors. However,Berk
and Green(2004) argue that return chasing is not necessarily irrational when choosing mutual funds.

7 Thiscalculation ignores the fact that retirees with shorter-than-average life expectancy are more likely to choose
the lump sum option, but it also ignores the insurance value that risk-averse retirees derive from life annuities.
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lower demand for incremental life annuities, especially among retirees who are
more likely to be single.Inkmann, Lopes, and Michaelides(2011) use cross-
sectional data from the 2002–2003 English Longitudinal Study of Ageing to
study household demand for voluntary life annuities. They find that demand
responds to differences in life expectancy, the level of already-annuitized
income, and other household characteristics. Then, they argue that a life-cycle
model that incorporates demand for life annuities, life insurance, savings, and
portfolio choice can rationalize the fact that only 5.9% of the households in
their sample purchase incremental life annuities. Interestingly, although PERS
retirees’ characteristics have a qualitatively similar impact on the demand for
incremental life annuities, we find that 85% of the retirees in our sample choose
incremental life annuities.

Bütler and Teppa(2007) study payout choices for ten Swiss pension funds.
Consistent with our findings, they find that the majority of retirees choose life
annuities over lump sums. Therefore, the low demand for life annuities in the
private market may reflect the fact that retirees have access to sufficient life
annuity income through their pensions, or it may signal that the search costs
associated with shopping for a life annuity are high.Previtero(2010) studies
the choice between life annuity and lump sum payments by private employees
using data from defined benefit plans. Consistent with our findings, he finds
that the demand for life annuities is negatively correlated with recent stock
market returns. However, because the money’s worth of the life annuities that
Previtero studies match those available in the private market, the welfare cost
of any return chasing behavior is lower in his setting than in our setting, where
life annuities are better than actuarially fair.

2. Empirical Predictions

In a standard life-cycle model, life annuities increase expected utility by
making the individual’s consumption between retirement and death both higher
and less uncertain.8 In our setting, incremental life annuity payments increase
expected utility by increasing the level of risk-free income, and therefore
potential consumption, during retirement. The lump sum option, on the other
hand, trades incremental life annuity payments for a cash payment, which
can be invested in risky liquid assets, invested in safe liquid assets, or used
to purchase goods and services.9 Therefore,the choice between the total life
annuity and lump sum options should depend on the expected present value

8 Yaari (1965) derives conditions under which a retiree with an unknown date of death should convert all of
her liquid retirement assets into life annuities.Davidoff, Brown, and Diamond(2005) extend this analysis by
showing that retirees would benefit from converting a significant fraction of their assets into life annuities under
much less restrictive conditions. Life annuities in the private market are able to offer higher rates of return than
are other risk-free investments, because they transfer assets from those who die to those who survive.

9 Bequestmotives typically reduce demand for life annuities. However, because the incremental life annuities that
we study are better than actuarially fair, PERS retirees with bequest motives should choose the total life annuity
option and use the monthly payments to purchase life insurance.
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of incremental life annuity payments relative to the level of the lump sum
payment, plus any option value associated with holding liquid assets. We use
this trade-off to motivate our empirical predictions.

Note that because the vast majority of PERS incremental life annuities are
better than actuarially fair, an implicit assumption throughout our article is
that market frictions limit the ability of retirees to convert life annuities into
lump sums in the private market. A natural and likely source of friction is
asymmetric information about retiree life expectancy. In the absence of these
frictions, all retirees with a normal life expectancy should choose the total life
annuity option, and those who prefer a lump sum should convert some portion
of their life annuity payments into a (larger) lump sum.

2.1 Variation in retiree characteristics
Our first set of predictions is based on the fact that differences in retiree
characteristics can generate cross-sectional differences in the expected utility
associated with life annuity payments. BecauseBrown (2001), Finkelstein
and Poterba(2004), Bütler and Teppa(2007), andInkmann, Lopes, and
Michaelides(2011) find support for related predictions, we are primarily
interested in exploring whether PERS retirees behave like the retirees studied
in other settings.

We consider seven retiree characteristics. First, because PERS does not
adjust life annuity payments for differences in retiree health, we predict that
the lump sum option will be more valuable to single retirees in poor health,
who should expect to receive fewer payments. Second, because PERS does
not adjust life annuity payments for the different life expectancies of males
and females, we predict that the lump sum option will be more valuable to
single male retirees, who should expect to receive fewer payments than single
female retirees. Third, like other forms of insurance, life annuities should be
less valuable to a retiree who is less risk averse. We predict that a retiree who
allocates more of her retirement account allocations to the riskier of the two
investment options will be more likely to choose the lump sum option. Fourth,
to the extent that police and fire officers’ greater tolerance for occupational risk
translates into greater tolerance for financial risk, police and fire officers will be
more likely to choose the lump sum option. Fifth, because the marginal value of
insurance declines with the level of insurance, the value that a retiree attaches
to the incremental life annuity should fall with the level of already-annuitized
income. We predict that demand for the lump sum option will rise with the level
of the life annuity payments under the lump sum option. Sixth, we predict that
a retiree who is more reliant on PERS retirement benefits because she spent
a larger fraction of her career working for PERS employers is less likely to
choose the lump sum option. Seventh, to the extent that financial literacy is
positively correlated with income (Campbell 2006), we predict that a retiree
with a higher preretirement salary will be less likely to choose the lump sum
payment over a better-than-actuarially-fair life annuity.
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Note that because all retirees receive some life annuity payments, retirees
must also choose between single life annuities, which stop making payments
when the retiree dies, and joint life annuities, which stop making payments
only after the retiree and their beneficiary have died. Because joint life
annuities are more likely to be chosen by married retirees, who must also
consider the financial needs of their spouses, we expect the characteristics
of retirees choosing joint life annuities to explain less variation in demand
for lump sums (which is found byBrown 2001). Finally, Brown and Poterba
(2000) argue that access to joint life annuities should make married retirees
less likely to fully annuitize their retirement assets than might single retirees.
The complication with testing this prediction in our setting is that, although we
lack the data needed to systematically compare the money’s worth of single
and joint life annuities, calculations based on the actual payout options of a
married retiree suggest that joint life annuities are significantly more generous
than are single life annuities.

2.2 Cross-sectional variation in life annuity pricing
Our second set of predictions focuses on plausibly exogenous cross-sectional
variation in life annuity pricing arising from how PERS calculates retirement
benefits. To understand how we exploit this variation, it is necessary to provide
additional details on how retirement benefits are determined under the total
life annuity and lump sum options. PERS employees contribute 6% of their
salary to a defined contribution-style retirement account with two investment
options. They have the option to invest 25%, 50%, or 75% of their contribution
to the riskier “variable” account; the remainder is invested in the safer “regular”
account. The contributions and returns posted to these two accounts determine
the accumulated account balance at retirement, which is the size of the lump
sum payment under the lump sum option.

The level of the life annuity payment under the total life annuity option is
automatically calculated as the maximum of three possible benefit formulas.
DC is a traditional defined contribution retirement benefit that depends on the
actuarial equivalency factor that PERS uses to annuitize the retirement account
balance.DB is a traditional defined benefit retirement benefit that depends on
years of service, salary history, whether the retiree is a police or fire officer, and
an adjustment for early retirement.DCDB is a hybrid benefit that equals half of
DC plus slightly more than half ofDBand which is only available to employees
who first contributed to PERS in or before August 1981.10 Thelevel of the life
annuity payments under the lump sum option is automatically calculated as the
maximum of two benefits: half of the total life annuity payment underDC or
slightly more than half of the total life annuity payment underDB. Eligibility

10 PERSrefers to theDC, DB,andDCDBoptions as “Money Match,” “Full Formula,” and “Formula plus Annuity.”
We state the various total life annuity and partial life annuity formulas in the Appendix.
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for DCDB only impacts the level of the life annuity payments under the total
life annuity option.

When comparing the total life annuity option to the lump sum option, life-
cycle models predict that retirees will compare the expected present value of
the incremental life annuity payments under the total life annuity option to
the lump sum payment they must forgo. Dividing the incremental life annuity
payment by the lump sum payment yields an annuity price that is analogous
to the actuarial equivalency factor quoted in the private market. The fact that
PERS uses multiple formulas to calculate life annuity payments under the total
life annuity and lump sum options generates cross-sectional variation in this
annuity price. Depending on the combination of formulas used to calculate
the maximum life annuity payments, the dollar value of the incremental life
annuity payments can range from 32.5% to 50% of the total life annuity
payment. If this variation in annuity pricing is salient to retirees, we predict
that demand for the lump sum option will be lower when the relative value of
the incremental life annuity payments is higher.

Because the total life annuity payments of retirees who first contributed
into PERS after August 1981 are calculated using two formulas instead of
three, there are circumstances under which these retirees are eligible for
smaller incremental life annuity payments than retirees who first contributed
into PERS in or before August 1981 (holding retiree characteristics and
the retirement account balance constant). If this particular source of cross-
sectional variation is salient, we predict that it will increase demand for the
lump sum option.

Though variation due to the choice of retirement benefit formulas would
normally raise concerns about strategic behavior, PERS retirees automatically
receive the maximum life annuity payments for which they are eligible.
Retirees can expect to increase their future retirement benefits by working
another year, or by allocating a larger fraction of their retirement contributions
to the risky investment, but they have no influence over which formulas PERS
uses to calculate their life annuity payments under the total life annuity and
lump sum options; hence, retirees have no influence over the level of the
incremental life annuity payments.

2.3 Time-series variation in life annuity pricing
The final prediction concerns variation in PERS life annuity pricing due
to time-series variation in the risk-free rate. In the market for private life
annuities, insurance companies use the prevailing risk-free rate to set the
actuarial equivalency factor, which determines the level of life annuity pay-
ment per dollar invested. When interest rates fall, the actuarial equivalency
factors available from TIAA and other insurance companies fall. In contrast,
the actuarial equivalency factors that PERS uses in its retirement benefit
calculations rarely change. Because of this inertia, when the risk-free rate falls,
life annuity payments available from PERS become relatively more generous

9

 at A
cquisition D

ept Serials on A
pril 10, 2012

http://rfs.oxfordjournals.org/
D

ow
nloaded from

 

http://rfs.oxfordjournals.org/


TheReview of Financial Studies / v 00 n 0 2012

thanthe life annuity payments available from TIAA. To be clear, lower interest
rates do not change the dollar value of the PERS incremental life annuity
payments. Instead, they increase the cost of buying the same incremental life
annuity payments in the private market. Or, put differently, they increase the
gap between the rate of return that retirees can earn on their retirement account
balance by choosing the total life annuity option and the risk-free rate of return
available in the market. For this reason, we predict that demand for the lump
sum option will be lower when interest rates are lower.

There are several caveats. The prediction that lower interest rates make
life annuities more valuable is unique to our setting.Milevsky and Young
(2002) argue that retirees in the private market should delay annuitization
when interest rates are low, rather than lock in permanently low life annuity
payments.11 Thefacts that PERS life annuity payments become relatively more
valuable when the risk-free rate falls, and that they are only available at the time
of retirement, imply that PERS retirees are unlikely to benefit from delaying
annuitization.

More importantly, our prediction holds the value of the lump sum payment
constant. To identify retirees’ choices as mistakes, we must rule out the
possibility that lower interest rates rationally increase demand for risky liquid
assets, safe liquid assets, or consumption. Although we are limited by the
fact that we do not observe whether the lump sum is invested or consumed,
we are able to explicitly test two alternatives. The first is that lower interest
rates increase the value of already-annuitized income and that the resulting
income effect increases demand for the lump sum option. The second is that
lower interest rates proxy for greater economic uncertainty, which increases
the value of the lump sum option by even more than it increases the value of
the incremental life annuity payments. To control for variation in economic
uncertainty, we control for the level of the CBEO Volatility Index (VIX) at
the end of the month before the payout choice.12 If larger values of VIX,
which is also known as the “fear index,” increase demand for liquid savings,
the coefficient on the control variable will be positive.13

Finally, demand for the lump sum option may respond, for rational or be-
havioral reasons, to time-series variation in investor sentiment. If fluctuations
in interest rates and investor sentiment are correlated and we do not control for
fluctuations in investor sentiment, the coefficient on our measure of relative

11 Also see Tergesen, Anne, and Leslie Scism, “Are Annuities Being Overhyped as a Retirement Cure-All?”Wall
Street Journal, February 13, 2010.

12 VIX measures the expected volatility on U.S. equity over the next thirty days. It has been shown to be negatively
correlated with mutual fund flows and other measures of investor sentiment. See, e.g.,Ben-Rephael, Kandel, and
Wohl (2012).

13 On the other hand,Sundaresan(2001, p. 208) provides evidence that interest rate volatility is positively
correlated with the level of interest rates. Given the 2% annual cap on cost-of-living adjustments, it seems just
as likely that higher interest rate volatility could generate more demand for lump sum payments, which could
be invested in assets offering even better inflationary hedges. This argument suggests that lower interest rates
should decrease demand for the lump sum option.
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generositywill suffer from omitted-variables bias. To distinguish the impact
of interest rates from the impact of the NASDAQ bubble, which burst toward
the end of our sample period, we control for the inflation-adjusted level of the
NASDAQ index, which has a correlation of 0.4638 with our measure of PERS
generosity. We also control for the return on the S&P 500 index over the prior
twelve months. To the extent that retirees forgo better-than-actuarially-fair life
annuity payments in response to recent equity market conditions, they may be
making costly mistakes.

2.4 Measuring variation in life annuity pricing
As introduced earlier, the money’s worth of the incremental life annuity is the
expected present value of the future life annuity payments per dollar of initial
outlay. The money’s worth of the incremental life annuity payments available
to retireek is defined as

MWk
Max =

[
Ak
]

×
[

1

Pk

]
× EPVk

g , (1)

whereAk is the initial level of the incremental life annuity payment to retiree
k, Pk is the level of the forgone lump sum payment (i.e., the price of the
incremental life annuity payments), andEPV k

g denotesthe expected present
value of retireek receiving $1.00 in month 1, $1.00 (1+g) in month 2, etc.,
until death, which depends on the probability that retireek is alive to receive
each payment.14 When incremental life annuity payments are priced to be
actuarially fair, money’s worth equals $1.00.

Life annuity payments are quoted in terms of actuarial equivalency factors,
which state the (fixed and nominal) number of dollars paid out each month
until death, per $1,000 in initial outlay. When the maximal total life annuity
and partial life annuity payments for retireek are both calculated underDC,
the money’s worth of the incremental life annuity payments is

MWk
DC =

[
AEFk

PERS × AccountBalance

$1,000

]

×
[

1

AccountBalance

]
× E PVk

g ,

(2)
whereAEFPERSincreaseswith retiree age to reflect declining life expectancies
but does not vary with gender.15 BecausePERS life annuities include a cost-
of-living adjustment that is capped at 2.0% per year, and because that cap is
binding throughout our sample period, we setg equal to 0.17% per month.

14 Whenestimating the expected present value of life annuity payments for retireek in montht , we use the yield on
ten-year Treasury notes on the last trading day of montht − 1, and we use the mortality tables published by the
Social Security Administration for 2004. The second assumption leads us to slightly overestimate the estimated
present value in 1990 relative to 2002.

15 Finkelstein, Poterba, and Rothschild(2009) study the transfer from males to females that results from not
allowing actuarial equivalency factors to vary with gender. These restrictions apply to the market for pension
annuities in the United Kingdom, Oregon’s Public Employees Retirement System, and TIAA, among others.
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To distinguish between the cross-sectional and time-series variation that we
described in Section2.2and Section2.3, we rewrite the money’s worth of the
incremental life annuity payments as the product of three terms,

MWk
Max =

[
MWk

TIAA

]
×

[
MWk

Max

MWk
DC

]

×

[
MWk

DC

MWk
TIAA

]

=
[
MWk

TIAA

]
×
[
δk
]

×
[
θk
]
. (3)

The first term is the money’s worth of the life annuity that retireek could
purchase from TIAA with the lump sum payment—our proxy for how life
annuities are priced in the private market. The second term,δ, captures cross-
sectional variation arising when the maximum life annuity payments under
the total life annuity and lump sum options are not both calculated using the
DC benefit formulas. For example,δ captures cross-sectional differences in
the money’s worth of retirees’ incremental annuity benefits based on whether
they are ineligible for theDCDB total life annuity benefit because they first
contributed to PERS after August 1981. The third term,θ , captures time-series
variation in the value of PERS life annuities relative to those available from
TIAA, which is driven by changes in the risk-free rate.

3. Data

Between January 1990 and June 2002, we observe the payout choices of
32,060 retirees between the ages of fifty and seventy. For each retiree, we
observe whether she chooses the total life annuity option or the lump sum
option. We also observe her retirement account balance, her allocation between
the regular and variable account prior to retirement, her choice between a
single and joint life annuity, and the other demographic characteristics required
to calculate her life annuity payments under the different benefit formulas for
which she is eligible.

In Table1, we provide separate summary statistics for retirees whose total
life annuity benefits are calculated usingDC (66.4% of retirees),DB (9.8%),
and DCDB (23.8%). Columns (2) through (8) summarize inputs into the
various life annuity benefit formulas, and Columns (9) and (10) report the
(initial) monthly life annuity payments under the total life annuity and lump
sum options.Monthly Salary(4), PERS retirementAccount Balance(5), Total
Life Annuity(9), Partial Life Annuity(10), andIncremental Life Annuity(11)
are converted to December 2003 dollars using the Consumer Price Index.

Although PERS automatically determines which life annuity formula ap-
plies to each retiree, the fact that Columns (2) through (8) are inputs into
these formulas results in significant differences in the panels of Table1. For
example, life annuity payments calculated underDC are increasing in the level
of the PERS retirement account balance, whereas payments calculated under
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DB arenot. Consequently, the averageAccount Balanceranges from $110,538
to $197,325 underDC but from $27,484 to $73,329 underDB.

Table1 highlights the variation in annuity pricing faced by retirees whose
maximal total life annuity payments are calculated underDC, DB, and
DCDB. Consider retirees in 1995. In Panel A, the average retiree forgoes
approximately 50% of the total life annuity monthly payment of $2,434 to
receive an immediate lump sum payment of $141,662. On the other hand,
in Panel B, the retiree forgoes approximately 40% of the total life annuity
monthly payment of $643 to receive an immediate lump sum payment of
$27,484.

In Table 2, we illustrate how the relative value of PERS life annuity
payments varies with the risk-free rate of return. Specifically, we calculate the
money’s worth of PERS incremental life annuity payments underDC for male
retirees who turn sixty-five in January 1990, January 1991, . . . , January 2002.
We also calculate the money’s worth of the life annuity payments that retirees
could purchase from TIAA using the lump sum payment. For these retirees,
the PERS life annuity is always better than actuarially fair, with money’s worth
ranging from $1.14 in January 1990 to $1.50 in January 2002.

Within our sample of 32,060 retirees, the money’s worth of the incremental
life annuity is better than actuarially fair for all but 112 retirees. In contrast,
the money’s worth of the life annuities offered by TIAA is less volatile and
never more than $0.92. In Table2, for a 65-year-old male,θ ranges from 1.30
to 1.77. Within our full sample of retirees,θ ranges from 1.17 to 1.82, with
an average value of 1.60. The main source of time-series variation inθ is the
fact that TIAA adjusts its actuarial equivalency factors each January, based on
changes in annuitant life expectancy and the risk-free rate, whereas PERS does
not.16 In the bottom row of Table2, we show that the correlation between the
yield on ten-year U.S. Treasury notes and TIAA’s actuarial equivalency factors
(Column (4)) is 0.935. We also show that the correlation between the Treasury
yield andθ (Column (9)) is−0.955.

4. How Do PERS Retirees Value Incremental Life Annuities?

Table3 reports the fraction of PERS retirees choosing the lump sum option
each year. Notably, only 15% choose the lump sum option; the remaining 85%
choose to receive all of their retirement benefits in the form of life annuity
payments. The high demand for incremental life annuities in our setting is
striking and is consistent with the fact that PERS incremental life annuities
have much higher money’s worth than life annuities available in the private
market.

16 PERSadjusts its actuarial equivalency factor tables once during our sample period. On January 1, 1997, PERS
switches from actuarial equivalency factors that increase annually, in the retiree’s birth month, to factors that
increase monthly. At the same time, PERS increases actuarial equivalency factors for those retiring below the
age of fifty-five. However, the increases are small, ranging from 2.2% at age fifty to 0.1% at age fifty-four.

15

 at A
cquisition D

ept Serials on A
pril 10, 2012

http://rfs.oxfordjournals.org/
D

ow
nloaded from

 

http://rfs.oxfordjournals.org/


TheReview of Financial Studies / v 00 n 0 2012

Ta
bl

e
2

C
om

pa
rin

g
m

on
ey

’s
w

or
th

of
lif

e
an

nu
iti

es
av

ai
la

bl
e

fr
om

P
E

R
S

an
d

T
IA

A
,1

99
0–

20
02

P
E

R
S

T
IA

A
P

E
R

S
R

el
at

iv
e

to
T

IA
A

Y
ie

ld
Te

n-
Ye

ar
Y

ea
r

A
E

F
E

P
V

M
W

A
E

F
E

P
V

M
W

A
E

F
E

P
V

θ
T

re
as

ur
y(

%
)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)=

(1
)/

(4
)

(8
)=

(2
)/

(5
)

(9
)=

(3
)/

(6
)

(1
0)

19
90

9.
79

11
5.

94
1.

14
8.

82
99

.3
9

0.
88

1.
11

1.
17

1.
30

8.
43

19
91

9.
79

11
9.

51
1.

17
8.

75
10

2.
19

0.
89

1.
12

1.
17

1.
31

8.
03

19
92

9.
79

12
6.

22
1.

24
8.

52
10

7.
41

0.
92

1.
15

1.
18

1.
35

7.
31

19
93

9.
79

13
5.

81
1.

33
7.

72
11

4.
84

0.
89

1.
27

1.
18

1.
50

6.
39

19
94

9.
79

14
5.

37
1.

42
7.

10
12

2.
20

0.
87

1.
38

1.
19

1.
64

5.
64

19
95

9.
79

12
3.

27
1.

21
7.

72
10

5.
12

0.
81

1.
27

1.
17

1.
49

7.
59

19
96

9.
79

14
5.

37
1.

42
7.

10
12

2.
20

0.
87

1.
38

1.
19

1.
64

5.
58

19
97

9.
79

13
4.

68
1.

32
7.

34
11

3.
97

0.
84

1.
33

1.
18

1.
58

6.
50

19
98

9.
79

14
6.

64
1.

44
7.

03
12

3.
18

0.
87

1.
39

1.
19

1.
66

5.
51

19
99

9.
79

15
7.

50
1.

54
6.

61
13

1.
47

0.
87

1.
48

1.
20

1.
77

4.
65

20
00

9.
79

13
2.

48
1.

30
7.

39
11

2.
27

0.
83

1.
33

1.
18

1.
56

6.
67

20
01

9.
79

15
0.

57
1.

47
7.

08
12

6.
18

0.
89

1.
38

1.
19

1.
65

5.
18

20
02

9.
79

15
3.

28
1.

50
6.

77
12

8.
25

0.
87

1.
45

1.
20

1.
73

5.
03

C
or

re
l.

0.
00

0
−

0.
99

8
−

0.
99

8
0.

93
5

−
0.

99
8

−
0.

02
8

−
0.

94
5

−
0.

99
9

−
0.

95
5

—

W
e

co
m

pa
re

th
e

m
on

ey
’s

w
or

th
of

lif
e

an
nu

iti
es

ba
se

d
on

P
E

R
S

’
D

C
be

ne
fit

to
th

e
m

on
ey

’s
w

or
th

of
T

IA
A’

s
lif

e
an

nu
iti

es
.W

e
as

su
m

e
th

at
th

e
re

tir
ee

is
si

xt
y-

fiv
e

ye
ar

s
an

d
ze

ro
m

on
th

s
ol

d
an

d
m

al
e.

T
he

ac
tu

ar
ia

le
qu

iv
al

en
cy

fa
ct

or
,A

E
F,

de
te

rm
in

es
th

e
in

iti
al

m
on

th
ly

lif
e

an
nu

ity
pa

ym
en

tp
er

$1
,0

00
sp

en
tt

o
pu

rc
ha

se
th

e
lif

e
an

nu
ity

.D
ur

in
g

ou
r

sa
m

pl
e

pe
rio

d,
P

E
R

S
ra

re
ly

ad
ju

st
s

its
A

E
F

s
(s

ee
fo

ot
no

te
16

)
w

he
re

as
T

IA
A

ad
ju

st
s

its
A

E
F

s
in

Ja
nu

ar
y

of
ea

ch
ca

le
nd

ar
ye

ar
to

re
fle

ct
ch

an
ge

s
in

m
em

be
r

lif
e

ex
pe

ct
an

ci
es

or
th

e
ris

k-
fr

ee
ra

te
.E

P
V

is
th

e
ex

pe
ct

ed
pr

es
en

tv
al

ue
of

re
ce

iv
in

g
an

in
iti

al
m

on
th

ly
lif

e
an

nu
ity

pa
ym

en
to

f$
1.

00
be

gi
nn

in
g

ne
xt

m
on

th
.T

he
no

m
in

al
va

lu
e

of
th

e
lif

e
an

nu
ity

pa
ym

en
ts

to
be

re
ce

iv
ed

fr
om

P
E

R
S

is
as

su
m

ed
to

gr
ow

at
2.

0%
pe

r
ye

ar
,w

he
re

as
th

e
no

m
in

al
va

lu
e

of
lif

e
an

nu
ity

pa
ym

en
ts

to
be

re
ce

iv
ed

fr
om

T
IA

A
is

as
su

m
ed

to
be

co
ns

ta
nt

.T
o

ca
lc

ul
at

e
th

e
pr

ob
ab

ili
ty

th
at

th
e

re
tir

ee
re

ce
iv

es
th

e
lif

e
an

nu
ity

pa
ym

en
tt
m

on
th

sf
ro

m
to

da
y,

w
e

us
e

lif
e

ta
bl

es
pu

bl
is

he
d

by
th

e
U

.S
.S

oc
ia

lS
ec

ur
ity

A
dm

in
is

tr
at

io
n

fo
r

20
04

.T
o

ca
lc

ul
at

e
th

e
pr

es
en

tv
al

ue
of

th
e

ex
pe

ct
ed

pa
ym

en
ts

,w
e

us
e

th
e

yi
el

d
on

th
e

te
n-

ye
ar

U
.S

.T
re

as
ur

y
no

te
at

th
e

en
d

of
th

e
pr

io
r

m
on

th
.T

he
av

er
ag

e
an

nu
al

yi
el

d
is

re
po

rt
ed

in
C

ol
um

n
(1

0)
.W

e
ca

lc
ul

at
e

m
on

ey
’s

w
or

th
of

ea
ch

lif
e

an
nu

ity
as

th
e

ex
pe

ct
ed

pr
es

en
tv

al
ue

of
its

lif
e

an
nu

ity
pa

ym
en

ts
re

la
tiv

e
to

its
pr

ic
e

(i.
e.

,a
s

A
E

F
tim

es
E

P
V

di
vi

de
d

by
$1

,0
00

).
In

C
ol

um
n

(9
),

w
e

ca
lc

ul
at

e
th

e
m

on
ey

’s
w

or
th

of
th

e
P

E
R

S
lif

e
an

nu
ity

re
la

tiv
e

to
th

e
m

on
ey

’s
w

or
th

of
th

e
T

IA
A

lif
e

an
nu

ity
(i.

e.
,θ
eq

ua
ls

A
E

F P
E

R
S

tim
es

E
P

V 2
%

di
vi

de
d

by
A

E
F T

IA
A

tim
es

E
P

V 0
%

.W
he

n
θ

eq
ua

ls
on

e,
P

E
R

S
an

d
T

IA
A

al
lo

w
re

tir
ee

s
to

pu
rc

ha
se

th
e

sa
m

e
ex

pe
ct

ed
pr

es
en

tv
al

ue
of

lif
e

an
nu

ity
be

ne
fit

s
pe

r
do

lla
r

of
in

iti
al

ou
tla

y.
Va

lu
es

gr
ea

te
r

th
an

on
e,

as
ob

se
rv

ed
in

th
is

ta
bl

e,
im

pl
y

th
at

P
E

R
S

se
lls

m
or

e
va

lu
ab

le
lif

e
an

nu
ity

be
ne

fit
s

th
an

T
IA

A
.T

he
bo

tto
m

ro
w

re
po

rt
s

th
e

pa
irw

is
e

co
rr

el
at

io
n

be
tw

ee
n

th
e

yi
el

d
on

th
e

te
n-

ye
ar

U
.S

.T
re

as
ur

y
no

te
an

d
A

E
F,

E
P

V,
an

d
M

W
.

16

 at A
cquisition D

ept Serials on A
pril 10, 2012

http://rfs.oxfordjournals.org/
D

ow
nloaded from

 

http://rfs.oxfordjournals.org/


HowDo Retirees Value Life Annuities? Evidence from Public Employees

Ta
bl

e
3

P
er

ce
nt

of
P

E
R

S
re

tir
ee

s
ch

oo
si

ng
lu

m
p

su
m

op
tio

n,
by

re
tir

em
en

tc
al

cu
la

tio
n

m
et

ho
d,

19
90

–2
00

2

A
ll

R
e

tir
e

e
s

D
C

D
B

D
C

D
B

Y
ea

r
N

o.
R

et
ire

es
%

Lu
m

p
M

W
N

o.
R

et
ire

es
%

Lu
m

p
M

W
N

o.
R

et
ire

es
%

Lu
m

p
M

W
N

o.
R

et
ire

es
%

Lu
m

p M
W

19
90

1,
62

1
8.

6
$1

.1
6

33
6

7.
1

$1
.1

2
29

9
9.

4
$1

.2
4

98
6

8.
8

$1
.1

5
19

91
1,

87
6

8.
6

$1
.2

1
88

2
7.

9
$1

.2
0

18
0

15
.0

$1
.2

9
81

4
7.

9
$1

.2
1

19
92

1,
87

5
6.

9
$1

.3
0

54
4

7.
2

$1
.2

8
27

2
11

.0
$1

.3
8

1,
05

9
5.

7
$1

.3
1

19
93

2,
17

3
9.

7
$1

.4
7

92
4

9.
2

$1
.4

2
27

6
18

.8
$1

.5
4

97
3

7.
6

$1
.5

2
19

94
3,

17
5

10
.4

$1
.2

6
1,

10
4

11
.4

$1
.2

4
49

6
14

.3
$1

.3
1

1,
57

5
8.

5
$1

.2
7

19
95

1,
63

7
16

.4
$1

.4
0

1,
13

8
16

.8
$1

.4
0

18
6

22
.6

$1
.3

0
31

3
11

.2
$1

.4
7

19
96

2,
07

3
18

.1
$1

.3
9

1,
22

0
18

.2
$1

.3
7

31
6

20
.6

$1
.3

2
53

7
16

.4
$1

.4
0

19
97

2,
45

7
17

.9
$1

.4
3

1,
78

5
18

.8
$1

.4
3

24
8

22
.2

$1
.2

8
42

4
11

.6
$1

.4
5

19
98

4,
17

0
20

.5
$1

.5
9

3,
63

5
21

.0
$1

.5
9

19
7

23
.9

$1
.4

8
33

8
12

.7
$1

.6
0

19
99

4,
06

5
20

.4
$1

.5
1

3,
61

4
20

.5
$1

.5
1

18
2

22
.0

$1
.3

5
26

9
18

.2
$1

.5
1

20
00

1,
88

3
21

.7
$1

.4
8

1,
69

1
21

.4
$1

.5
0

10
6

28
.3

$1
.2

9
86

19
.8

$1
.4

7
20

01
2,

64
4

15
.9

$1
.6

3
2,

31
1

15
.7

$1
.6

3
19

8
18

.7
$1

.4
8

13
5

15
.6

$1
.6

4
20

02
2,

41
1

10
.6

$1
.6

7
2,

08
9

10
.4

$1
.6

7
19

8
11

.6
$1

.5
8

12
4

12
.1

$1
.6

8
To

ta
l

32
,0

60
15

.0
$1

.4
5

21
,2

73
16

.6
$1

.4
9

3,
15

4
17

.3
$1

.3
6

7,
63

3
9.

6
$1

.3
3

T
hi

s
ta

bl
e

su
m

m
ar

iz
es

th
e

de
m

an
d

fo
r

lu
m

p
su

m
op

tio
ns

ac
ro

ss
ye

ar
s

an
d

ac
ro

ss
re

tir
ee

s
fo

r
w

ho
m

th
e

to
ta

ll
ife

an
nu

ity
be

ne
fit

is
ca

lc
ul

at
ed

us
in

g
D

C
,

D
B

,o
r

D
C

D
B

.
T

he
sa

m
pl

e
is

th
e

sa
m

e
th

at
w

e
su

m
m

ar
iz

e
in

Ta
bl

e1.
%

Lu
m

p
re

fle
ct

s
th

e
fr

ac
tio

n
of

re
tir

ee
s

ch
oo

si
ng

th
e

lu
m

p
su

m
op

tio
n.

M
W

is
th

e
m

on
ey

’s
w

or
th

of
th

e
to

ta
ll

ife
an

nu
ity

op
tio

n
re

la
tiv

e
to

th
e

lu
m

p
su

m
op

tio
n.

It
is

de
fin

ed
as

th
e

ex
pe

ct
ed

pr
es

en
t

va
lu

e
of

th
e

lif
e

an
nu

ity
pa

ym
en

ts
un

de
r

th
e

to
ta

ll
ife

an
nu

ity
op

tio
n

m
in

us
th

os
e

un
de

r
th

e
lu

m
p

su
m

op
tio

n,
di

vi
de

d
by

th
e

lu
m

p
su

m
pa

yo
ut

.W
e

re
po

rt
th

e
m

ed
ia

n
va

lu
e

of
M

W
ea

ch
ye

ar
.

17

 at A
cquisition D

ept Serials on A
pril 10, 2012

http://rfs.oxfordjournals.org/
D

ow
nloaded from

 

http://rfs.oxfordjournals.org/


The Review of Financial Studies / v 00 n 0 2012

The low demand for lump sum payments is also consistent with alternative
explanations. It may reflect the fact that individuals with greater demand for
annuitized retirement benefits are more likely to become public employees. It
may reflect the fact that it is easier for employees to choose the total life annuity
payout option over the lump sum option than it is for other retirees to research
and purchase incremental life annuities in the private market. Or, because
PERS reports the monthly payment associated with each payout option rather
than the implied rate of return, it may reflect the framing effect described in
Brown et al.(2008). We cannot measure the impact of these explanations on
the average demand for lump sum payments. However, because they are time-
invariant, they are unlikely to explain time-series variation in the fraction of
retirees choosing the lump sum option.

4.1 Time-series regressions
Figure 1 reveals significant time-series variation in the fraction of retirees
choosing the lump sum option, and Table3 shows that this variation exists
regardless of how the total life annuity benefit is calculated. In Table4, we seek
to explain this time-series variation in the demand for the lump sum option. The
dependent variable in each time-series regression is the fraction of retirees who
choose the lump sum option in montht . Because the number of retirements
varies significantly across months (from a low of six in January 1990 to a
high of 2,999 in February 1998), this fraction is a noisier estimate of retiree
preferences in some months than others. To account for this heteroscedasticity,

Figure 1
Fraction of PERS employees choosing lump sum option and lagged stock return, 1990–2002
Monthly time-series plot of the fraction of retirees in each month who choose the lump sum option (scale on the
left axis) and the return on the S&P 500 index over the prior twelve months (scale on the right axis). Our sample
period is January 1990 to June 2002.
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Table 4
Predicting average monthly demand for lump sum option, 1990–2002

Estimation: Levels Levels Levels Levels 1st Differences

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

Relative Generosity of PERS Life Annuity 0.268∗∗∗ 0.265∗∗∗ 0.206∗∗∗ 0.111∗∗∗ 0.322∗

(0.069) (0.038) (0.048) (0.039) (0.185)
Returnon S&P 500 Index over prior 12 months 0.160∗∗∗ 0.174∗∗∗ 0.144∗∗∗ 0.071∗

(0.042) (0.036) (0.028) (0.041)
Level of VIX index at end of prior month 0.289∗∗ 0.100 0.119

(0.131) (0.092) (0.124)
Inflation-adjustedlevel of NASDAQ index 0.005∗∗∗ 0.001

atend of prior month (0.001) (0.002)
Constant −0.182 −0.195∗∗∗ −0.180∗∗∗ −0.073 −0.009∗∗

(0.080) (0.049) (0.057) (0.048) (0.004)
Numberof monthly observations 150 150 150 150 149
F-statistic 15.07∗∗∗ 37.55∗∗∗ 23.39∗∗∗ 31.64∗∗∗ 2.67∗∗

We report coefficients from time-series regressions estimated via weighted least squares. The sample consists of
the 150 months between January 1990 and June 2002. The dependent variable is the fraction of PERS retirees
who choose the lump sum option in montht . The weight in montht is the number of retiree choices used to
calculate this fraction. Independent variables include the ratio of the actuarial equivalency factor available from
PERS (under the DC formula) to the life annuity payment available from TIAA (i.e., Column (7) of Table2),
the return on the S&P 500 index over the prior twelve months, the implied volatility on the S&P 500 index
option over montht as measured by the CBOE Volatility Index (VIX) at the end of montht − 1, and the
inflation-adjusted level of NASDAQ measured at the end of montht−1. Variables in Columns (1) through (4)
are measured as levels. Variables in Column (5) are measured as first differences, which results in the loss of one
observation. Standard errors are reported in parentheses and calculated as inNewey and West(1987), with a lag
of twenty-four months. Significance at the 10%, 5%, and 1% levels is denoted by *, **, and ***.

we weight each observation by the number of retirements in that month.
Standard errors are estimated using theNewey and West(1987) estimator,
allowing autocorrelation to persist for twenty-four months.

Our basic prediction is that demand for the lump sum option will fall when
incremental life annuities are more valuable. Yet, in Column (1), we find that
demand for the lump sum option rises when PERS life annuities are relatively
more generous than those available from TIAA. The coefficient is statistically
significant at the 1% level. It is also economically significant. A one-standard-
deviation increase in the relative generosity of PERS is associated with a
3.2 percentage point increase in the demand for the lump sum option. In
other words, demand for lump sums is increasing precisely when the relative
value of the incremental life annuities available from PERS is increasing. One
interpretation is that retirees are confused about the impact of interest rates on
the value of PERS life annuity payments. For example, they may be following
advice—like that inMilevsky and Young(2002)—to delay annuitization when
the risk-free rate is low, despite the fact that this advice does not apply in our
setting. However, as we discuss in Section2.3, it is important to control for
variation in economic conditions and investor sentiment that may lead retirees
to prefer a lump sum, despite the lower interest rates.

We learn three things when we control for the return on the S&P 500 index
over the prior twelve months, the level of VIX in the prior month, and the
inflation-adjusted level of NASDAQ in the prior month. First, the coefficient
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on our measure of PERS generosity falls by approximately 60% between
Columns (1) and (4), highlighting the need to control for variation in economic
conditions and investor sentiment. Second, the coefficient nevertheless remains
positive and statistically significant at the 1% level in Columns (2) through
(4) and at the 10% level when we switch from levels to first differences in
Column (5). It also remains positive and statistically significant at the 1%
level in an unreported regression that ends the sample in December 1998 to
exclude the NASDAQ crash. In other words, regardless of how we control for
economic conditions and investor sentiment, we find no evidence that retirees
understand that lower interest rates increase the value of PERS life annuity
payments.17

Thethird insight is that economic conditions and investor sentiment help to
explain demand for the lump sum option. We find some evidence that demand
for the lump sum option is increasing in both the level of VIX and the inflation-
adjusted level of NASDAQ in the month immediately before the payout choice.
However, the estimated coefficient on VIX is not statistically significant when
we control for the level of NASDAQ. Our most robust finding is that demand
for the lump sum option rises with recent equity market returns (p-value of
.001). In terms of economic significance, a one-standard-deviation increase
in the lagged return on the S&P 500 index is associated with a 2.2 to 2.6
percentage point increase in the demand for the lump sum option. The most
provocative interpretation of this correlation is that retirees are extrapolating
future equity market returns from recent equity market returns and then using
the lump sum payment to chase recent equity market returns.18

4.2 Predicting individual demand for the lump sum option
We now turn our attention to individual-level retirement payout choices. In
Table5, we report marginal effects from five logit models, where the dependent
variable equals one if retireek chooses the lump sum option and zero if
she chooses the total life annuity option. We use three sets of independent
variables to explain the individual payout choices of 31,809 retirees.19 The
first set measures differences in retiree characteristics, including differences in
life expectancy, risk aversion, and the level of life annuity income under the
lump sum option. The second set measures variation in the money’s worth of

17 In an unreported specification, we include the fraction of retirees who chose the lump sum payment in the
previous month, as a control for the impact of economic conditions and investor sentiment in the prior month,
as well as the P/E ratio on the S&P 500 index in the prior quarter. The coefficient on our measure of PERS
generosity increases from 0.111, in Column (4), to 0.137 and remains statistically significant from zero at the
1% level.

18 The return chasing interpretation is consistent with behavior thatChevalier and Ellison(1997) andSirri and
Tufano (1998) observe in the mutual fund industry and thatBenartzi (2001) observes when studying how
investors allocate 401(k) plan assets to company stock.

19 In Table5, we exclude 251 retirees, because we lack data on the location of their most recent employer. Without
these data, we are unable to control for the local unemployment rate. Our inferences are unchanged when we
include these retirees and drop our control for the local unemployment rate.
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the incremental life annuity payments, which distills our cross-sectional and
time-series variation into a single measure of annuity pricing. (In Table6, we
distinguish between different sources of variation in money’s worth.) The third
set controls for economic conditions and investor sentiment. It includes the
lagged return on the S&P 500 index, the lagged return earned in the retiree’s
PERS retirement account, the inflation-adjusted level of NASDAQ measured
at the end of the previous month, the level of VIX at the end of the previous
month, and the local (county-level) unemployment rate.

Each specification includes a separate fixed effect for each year of service
(1, 2, 3, . . .) to control for variation in payout choices that is related to

Table 5
Predicting individual demand for lump sum option, 1990–2002

Sample: Full Full Single Life Joint Life Full

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

Retiree Characteristics
Dies 1–24 months after retirement 0.085∗∗∗ 0.086∗∗∗ 0.177∗∗∗ 0.042∗ 0.090∗∗∗

(0.024) (0.024) (0.048) (0.022) (0.024)
Dies25–48 months after retirement 0.014 0.016 −0.025 0.036 0.017

(0.017) (0.017) (0.029) (0.021) (0.017)
Female −0.046∗∗∗ −0.047∗∗∗ −0.082∗∗∗ −0.027∗∗∗ −0.049∗∗∗

(0.007) (0.007) (0.011) (0.007) (0.008)
Positive allocation to variable 0.021∗∗∗ 0.020∗∗∗ 0.017∗∗ 0.021∗∗∗ 0.019∗∗∗

investment vehicle (0.005) (0.005) (0.008) (0.005) (0.005)
Eligible for police or fire benefits −0.009 −0.021∗∗∗ −0.018 −0.022∗∗∗ −0.020∗∗∗

(0.007) (0.008) (0.017) (0.007) (0.008)
Level of partial life annuity 0.035∗∗∗ 0.036∗∗∗ 0.052∗∗∗ 0.031∗∗∗ 0.030∗∗∗

($000,Dec 2003) (0.003) (0.003) (0.008) (0.004) (0.004)
Choosessingle life annuity 0.077∗∗∗ 0.077∗∗∗ 0.081∗∗∗

(0.005) (0.005) (0.004)
Estimatedfraction of career spent −0.191∗∗∗ −0.733∗∗∗ −1.228∗∗∗ −0.400∗∗∗ −0.737∗∗∗

working for PERS employers (0.067) (0.097) (0.156) (0.141) (0.093)
Salaryat or above 75th percentile −0.031∗∗∗ −0.032∗∗∗ −0.033∗∗∗ −0.032∗∗∗ −0.027∗∗∗

(within calendar year) (0.005) (0.005) (0.010) (0.006) (0.005)
Retiringbefore normal 0.027∗∗∗ 0.006 0.018 0.001 0.005

retirementage (0.006) (0.011) (0.023) (0.011) (0.010)
Tier 2 retirement benefits −0.033 −0.031 −0.051 −0.017 −0.027

(0.027) (0.028) (0.034) (0.048) (0.027)
Old enough to collect Social Security −0.038∗∗∗

benefits(62+) (0.007)
Value of Incremental Life Annuity

Ln Money’s Worth 0.045∗∗∗ 0.044∗∗∗ 0.045∗∗ 0.045∗∗∗ 0.029∗∗∗

(0.013) (0.014) (0.021) (0.016) (0.011)
RetireeNot Eligible forDCDB? −0.016∗∗∗ −0.016∗∗∗ −0.035∗∗∗ −0.007 −0.032∗∗∗

(0.006) (0.006) (0.012) (0.007) (0.007)
EconomicConditions and Investor Sentiment

Local unemployment rate −0.167 −0.174 −0.029 −0.271 −0.005
(0.182) (0.182) (0.279) (0.176) (0.125)

Level of VIX at end of montht–1 0.112 0.109 0.168 0.077 0.019
(0.095) (0.094) (0.150) (0.083) (0.084)

Inflation-adjustedlevel of NASDAQ 0.005∗∗∗ 0.005∗∗∗ 0.006∗∗∗ 0.005∗∗∗ 0.002
index at end of montht–1 (0.001) (0.001) (0.001) (0.001) (0.001)

Returnon S&P 500 index 0.155∗∗∗ 0.155∗∗∗ 0.145∗∗∗ 0.164∗∗∗ 0.064
over prior 12 months (0.034) (0.034) (0.052) (0.030) (0.050)

Returnin PERS retirement account −0.060 −0.066 −0.025 −0.096 0.017
over prior 12 months (0.102) (0.102) (0.158) (0.088) (0.074)

(continued)
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Table 5
Continued

Sample: Full Full Single Life Joint Life Full

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

Years-of-service fixed effects? Yes Yes Yes Yes Yes
Age-in-years fixed effects? – Yes Yes Yes Yes
Calendar year fixed effects? – – – – Yes
Sample size 31,809 31,809 11,500 20,309 31,809
PseudoR2 0.0498 0.0534 0.0634 0.0432 0.0592

We report marginal effects estimated via logit. The dependent variable equals one when retireek choosesthe
lump sum option and zero when retireek choosesthe total life annuity option. Columns (1), (2), and (5) focus
on the full sample of retirees; Column (3) is restricted to retirees who choose a single life annuity; and Column
(4) is restricted to retirees who choose a joint life annuity. All specifications include a separate fixed effect for
each year of service. Columns (2) through (4) include a separate fixed effect for each year of age between fifty
and seventy. Column (5) includes a separate fixed effect for each calendar year. We include dummy variables
to indicate whether retireek dies1–24 months after retirement; dies 25–48 months after retirement; is female;
has a positive allocation to the variable investment vehicle in the PERS retirement account; is eligible for police
or fire retirement benefits; chooses a single life annuity; is retiring before the normal retirement age (fifty years
of age for police and fire and fifty-eight for almost everyone else); has a preretirement salary in the top quarter
of retirees; receives Tier 2 retirement benefits; or is old enough to collect Social Security benefits (62+). We
also control for the level of the life annuity payments under the lump sum option (measured in December 2003
dollars) and the estimated fraction of retireek’s career spent working with PERS employers. Ln Money’s Worth
is the natural logarithm of the expected present value of the incremental life annuity payments associated with
choosing the total life annuity option over the lump sum option, divided by the lump sum payout. Our proxies
for economic conditions and investor sentiment include the current unemployment rate in the county of retiree
k’s most recent employer, the level of the CBOE Volatility Index (VIX) at the end of montht−1, the inflation-
adjusted level of the NASDAQ index at the end of montht−1, the return on the S&P 500 index over the prior
twelve months, and the return earned in the PERS retirement account over this same period. Standard errors are
clustered on calendar month (e.g., June 2002). Significance at the 10%, 5%, and 1% levels is denoted by *, **,
and ***.

lengthof service within PERS. Columns (2) through (5) also include a separate
fixed effect for each year of age (50, 51, 52, . . .) to control for variation in
payout choices that is related to age at retirement.20 Becauseretirees choosing
joint life annuities are more likely to be married, their payout choices should
depend on the characteristics of the retirees, which we observe, and on the
characteristics of the spouses, which we do not observe. For this reason, in
Columns (3) and (4), we separately estimate logit models for retirees who
choose single life annuities versus joint life annuities. Column (5) includes
a separate fixed effect for each calendar year, to capture average changes in
macroeconomic conditions or retiree preferences. Standard errors are clustered
on each month in the sample (January 1990, February 1990, . . . , June 2002)
to capture the cross-sectional correlation in economic conditions for retirees
making choices in the same month. Inference is similar when we instead cluster
standard errors at the employer or county level.

4.2.1 Variation in retiree characteristics. When we focus on cross-
sectional variation in the value of the incremental life annuity payments caused
by differences in retiree characteristics, our findings are broadly consistent

20 Our inferences are unchanged when we estimate linear probability models instead of logits.
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with the predictions of life-cycle models. We test for adverse selection in
two ways. First, we exploit data on ex post mortality. Among retirees who
choose a single life annuity, those who die 1–24 months after retirement are
17.7 percentage points more likely to choose the lump sum option (p-value of
.001), whereas those who die 25–48 months after retirement are no more likely
to do so. This suggests that single retirees’ choices are most sensitive to deaths
occurring within twenty-four months of retirement. However, as expected,
among retirees who choose a joint life annuity, and are therefore more likely
to be maximizing retirement income for both the retiree and spouse, we find
weaker evidence at both horizons (p-values of .065 and .091). Second, we find
that demand for the lump sum option is lower for female retirees; the difference
ranges from 8.2 percentage points (p-value of .000) for those choosing single
life annuities to 2.7 percentage points (p-value of .000) for those choosing
joint life annuities.

Consistent with longevity insurance being less valuable to retirees who
are less risk averse, we find that retirees who allocate a positive fraction of
their employee contribution to the riskier investment option are more likely to
choose the lump sum option. The estimated marginal effect ranges from 1.7 to
2.1 percentage points.21 Thefact that police and fire officers are less likely to
choose the lump sum option may reflect higher levels of financial risk aversion.

To measure the impact of already-annuitized retirement benefits on the
demand for the lump sum option, we include the dollar value of the life annuity
payment under the lump sum option (measured in December 2003 dollars).
The estimated coefficients are all statistically significant at the 1% level. They
are also economically significant, with a one-standard-deviation increase in
monthly life annuity payments ($879) increasing demand for the lump sum
between 3.0 and 5.2 percentage points. We obtain similar (unreported) results
when we scale the level of already-annuitized monthly income by the retiree’s
preretirement monthly salary.

An interesting exception to the positive relation between already-annuitized
income levels and demand for the lump sum option is that, in Column (1), we
find significantly lower demand for the lump sum option by retirees who are
old enough to be receiving Social Security benefits (62+). One interpretation
is that younger retirees are more likely to use the lump sum to acquire new
skills and re-enter the labor force, whereas older retirees are more likely to
permanently exit the labor force. This interpretation may help explain why, in
Column (1), we find that individuals retiring before the normal retirement age
are 2.7 percentage points more likely to choose the lump sum option. And, it
may help explain why Warner and Pleeter (2001) find much higher demand
for lump sum payments by personnel separating from the military (with an

21 Although higher demand for lump sum payments by male retirees is potentially consistent with gender-based
differences in risk aversion (Barber and Odean 2001), the estimated marginal effect of the positive allocation to
the variable account dummy variable is similar when we restrict the sample to female retirees (2.0 percentage
points).
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average age of thirty-one) than we find by public retirees (with an average age
of fifty-nine).22

As predicted, we find that retirees who spend a larger fraction of their
careers with PERS employers have significantly lower demand for the lump
sum option, and that the effect is approximately three times larger for retirees
choosing the single life annuity.23 We also find that retirees whose pre-
retirement salary are in the top quartile of retirees are between 2.7 and
3.3 percentage points less likely to choose the lump sum option, which is
consistent with the possibility that higher salaries proxy for higher levels of
financial literacy.

Whereas the arguments inKotlikoff and Spivak (1981) andBrown and
Poterba(2000) predict that single retirees will be less likely to choose the
lump sum option, we find that retirees choosing thesingle life annuity are
7.7 to 8.1 percentage points (p-values of .000) more likely to choose the lump
sum option. One possible explanation is that households respond to the fact
that PERS incremental life annuities are better than actuarially fair by having
the spouse choose not to annuitize her retirement assets, but we do not observe
the annuitization choice of the spouse. Another possible explanation is that
retirees recognize that the joint life annuities available from PERS are even
better deals than single life annuities.

Overall, these findings lead us to conclude that PERS retirees understand
how salient differences in life expectancy, risk aversion, and the level of
already-annuitized income impact the value of the incremental life annuity.24

Given their consistency with other studies, these findings help allay concerns
about the representativeness of our sample.

4.2.2 Variation in life annuity pricing, economic conditions, and investor
sentiment. If retirees recognize and respond to variation in PERS life
annuity pricing, then demand for the lump sum option should be lower
when the value of the incremental life annuity payments is higher. Instead,
we find that the natural logarithm of money’s worth has a positive and
statistically significant impact on the demand for the lump sum option across
all five specifications. In terms of economic significance, a one-standard-
deviation increase in money’s worth increases the probability of choosing the

22 Warner and Pleeter (2001) study the choice between lump sum and non-life-annuity payments in a sample of
individuals separating from the military. Although the annuities in their sample are also quite valuable, they find
strong demand for the lump sum. This is especially true among enlisted personnel, who may need to invest in
new skills to re-enter the labor force.

23 Controlling for whether the retiree is eligible for “Tier 2” benefits, because she did not contribute into PERS
before January 1997, has no additional impact on demand for the lump sum option. Tier 2 members face higher
normal retirement ages than other members (sixty vs. fifty-eight) but only account for eighty-five of the 31,809
retirees in our sample.

24 Similarly, Barber, Odean, and Zheng(2005) find that mutual fund investor flows respond most strongly to those
fees that are the most salient.
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lump sum option by approximately one percentage point in the full sample.
Though the economic effect is modest, it is the opposite of what we predict.
One interpretation is that retirees are confused by variation in the value of
incremental life annuity payments that is unrelated to variation in retiree
characteristics.

An alternative interpretation is that falling interest rates increase the ex-
pected utility of the lump sum payment by even more than they increase
the expected utility of the incremental life annuity payments. We consider
two possible mechanisms. The first is that lower interest rates increase the
expected present value of the life annuity payments under the lump sum
option, and that the resulting income effect decreases the relative value of
the incremental life annuity. To test this alternative, we estimate (but do not
report) two additional versions of the specification in Column (2). When we
replace the dollar value of the life annuity payment under the lump sum
option with the natural logarithm of its expected present value, we continue
to find a positive and statistically significant impact on demand for the lump
sum option. However, the economic significance is reduced by approximately
20%. This suggests that the expected present value is a noisy proxy for the
dollar value, which is more salient. When we simultaneously control for the
dollar value and the expected present value, the estimated marginal effect on
the dollar value is positive and statistically significant, whereas the estimated
marginal effect on the expected present value is negative and statistically
insignificant. Importantly, the estimated coefficients on the other independent
variables—including money’s worth—are virtually identical to those reported
in Column (2).

The second possible mechanism is that lower interest rates proxy for greater
economic uncertainty and that greater economic uncertainty increases the
relative value of the lump sum payment. In Table5, we include the level of
VIX to control for macroeconomic uncertainty and the unemployment rate
in the county of the retiree’s former employer to control for local economic
conditions. Whereas our point estimates suggest that demand for the lump sum
increases with VIX and decreases with the unemployment rate, the statistical
evidence is weak. The more important result is that including these proxies
has no impact on the marginal effect associated with money’s worth. When we
exclude both of these proxies for economic conditions, we find (in an unre-
ported specification) that the marginal effect on money’s worth remains 0.045.
Furthermore, in Column (5), we continue to find a positive (albeit approxi-
mately 35% smaller) relation between money’s worth and demand for the lump
sum option. Because this specification includes calendar year fixed effects, it
controls for the average impact of economic conditions within each year.

Although it remains possible that low interest rates increase the value of the
lump sum payment by more than they increase the value of the incremental
life annuity payments, it is worth emphasizing that these increases need to be
large. Changes in the risk-free rate cause the payments available from PERS
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to fluctuate between being 25% and 73% more generous than those available
from TIAA.

When we focus on our other proxies for market conditions and investor
sentiment in Table5, we continue to find a strong and statistically significant
relation between equity market conditions and demand for the lump sum
option. Within the full sample, a one-standard-deviation increase in the level of
NASDAQ is associated with a 2.6 percentage point increase in the probability
of choosing the lump sum option. Similarly, a one-standard-deviation increase
in the return on the S&P 500 index over the prior twelve months is associated
with a 2.9 percentage point increase in this probability. In contrast, the return
earned in the PERS retirement account over the prior twelve months has no
direct effect on the demand for the lump sum option.25 As we discussed above,
the most provocative interpretation of these findings is that retirees are using
recent equity market returns—which are likely to be salient—to infer future
equity market returns. Unfortunately, because we do not observe whether the
lump sum payment is invested in equity, we cannot test for return chasing.

The individual-level data do, however, allow us to test the alternative
interpretation that higher equity market returns increase household wealth
outside of PERS retirement benefits, which then increases demand for cash
or consumption. Specifically, we identify subsamples of retirees for whom the
PERS retirement account is likely to be a larger fraction of their total wealth
and then test whether demand for the lump sum option by these retirees is
less sensitive to recent equity market returns. Since retirees choosing single
life annuities are more likely to be single, they should have fewer sources of
outside wealth than do retirees choosing joint life annuities. Yet, the marginal
effects associated with equity market returns are similar for retirees choosing a
single life annuity or a joint life annuity (0.145 vs. 0.164). We find similar
effects when, in unreported specifications, we focus on the subsample of
retirees with twenty or more years of service within PERS (0.154) or the
subsample of retirees with twenty or more years of service who choose a
single life annuity (0.147).26 The fact that different subsamples of retirees
exhibit similar sensitivity to recent equity market returns argues against an
interpretation based on changes in outside wealth.

4.2.3 Exploiting cross-sectional and time-series variation in life annuity
pricing. In Table 6, we decompose money’s worth into the three terms
described by Equation (3). The first term is the money’s worth of the
incremental life annuity that can be purchased from TIAA. Because TIAA

25 Chalmers,Johnson, and Reuter(2008) describe features of PERS that significantly reduce the correlation
between the returns on the S&P 500 index and those posted to PERS retirement account balances.

26 Lusardiand Mitchell(2007) andLusardi and Tufano(2008) find that financial literacy is lower among women.
When we estimate separate specifications for males and females, we find that the estimated sensitivity to
lagged equity returns is higher for males (0.174) than for females (0.133), but the difference is not statistically
significant.
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Table 6
Alternative specifications predicting individual demand for lump sum option

Sample: Full Full Age 58 Peer Choices Full

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

Retiree Characteristics
Dies 1–24 months after retirement 0.090∗∗∗ 0.090∗∗∗ 0.140∗∗ 0.079∗∗∗ 0.089∗∗∗

(0.024) (0.024) (0.071) (0.025) (0.024)

Dies25–48 months after retirement 0.017 0.017 0.037 0.005 0.019
(0.017) (0.017) (0.049) (0.017) (0.017)

Female −0.053∗∗∗ −0.053∗∗∗ −0.051∗∗∗ −0.052∗∗∗ −0.055∗∗∗

(0.010) (0.010) (0.016) (0.010) (0.010)

Positive allocation to variable 0.021∗∗∗ 0.021∗∗∗ 0.007 0.023∗∗∗ 0.022∗∗∗

investment vehicle (0.005) (0.005) (0.013) (0.005) (0.005)

Eligible for police or fire benefits −0.021∗∗∗ −0.024∗∗∗ −0.033 −0.022∗∗∗ −0.016∗∗

(0.008) (0.008) (0.047) (0.008) (0.008)

Level of partial life annuity 0.031∗∗∗ 0.032∗∗∗ 0.025∗∗∗ 0.033∗∗∗ 0.019∗∗∗

($000,Dec 2003) (0.004) (0.004) (0.009) (0.004) (0.005)

Choosessingle life annuity 0.080∗∗∗ 0.080∗∗∗ 0.053∗∗∗ 0.078∗∗∗ 0.080∗∗∗

(0.005) (0.005) (0.013) (0.005) (0.005)

Estimatedfraction of career spent −0.753∗∗∗ −0.744∗∗∗ 0.563 −0.733∗∗∗ −0.766∗∗∗

working for PERS employers (0.095) (0.094) (0.511) (0.107) (0.094)

Salaryat or above 75th percentile −0.028∗∗∗ −0.028∗∗∗ 0.001 −0.028∗∗∗ −0.026∗∗∗

(within calendar year) (0.005) (0.005) (0.015) (0.005) (0.005)

Retiringbefore normal 0.004 0.005 0.208 0.004 0.004
retirementage (0.010) (0.010) (0.419) (0.011) (0.011)

Tier 2 retirement benefits −0.037 −0.035 −0.013 −0.039
(0.025) (0.026) (0.036) (0.025)

Fractionof coworkers who chose 0.094∗∗∗

lumpsum in prior 12 month (0.014)

Value of Incremental Life Annuity
Ln MW of life annuity from TIAA 0.033 0.032 −0.018 0.033 0.029

(0.061) (0.061) (0.115) (0.062) (0.061)

Ln (MW DC / MW TIAA) = Ln θ 0.233∗∗∗ 0.232∗∗∗ 0.188∗ 0.229∗∗∗ 0.232∗∗∗

(0.070) (0.070) (0.107) (0.084) (0.070)

Ln (MW Max / MW DC) = Ln δ 0.029∗∗ −0.014 0.030∗∗ 0.027∗∗

(0.012) (0.055) (0.015) (0.011)

Ln (MW Hyp. Max / MW DC) 0.038∗∗∗

= Ln δ1 (0.012)

Ln (MW Max / MW Hyp. Max) −0.097∗∗

= Ln δ2 (0.044)

RetireeNot Eligible forDCDB −0.027∗∗∗ −0.032∗∗∗ −0.010 −0.021∗∗∗ −0.028∗∗∗

(0.007) (0.007) (0.015) (0.007) (0.007)

LumpSum in Top 10% 0.046∗∗∗

(0.012)

IncrementalLife Annuity Payments 0.046∗∗∗

in Bottom 10% (0.011)

EconomicConditions and Investor Sentiment
Local unemployment rate −0.222 −0.222 −0.311 −0.244 −0.235

(0.178) (0.179) (0.280) (0.183) (0.181)

Level of VIX at end of montht−1 0.021 0.021 0.115 −0.029 0.024
(0.100) (0.100) (0.159) (0.103) (0.099)

Inflation-adjustedlevel of NASDAQ 0.004∗∗∗ 0.004∗∗∗ 0.003∗ 0.004∗∗∗ 0.004∗∗∗

index at end of montht−1 (0.001) (0.001) (0.002) (0.001) (0.001)

Returnon S&P 500 index 0.146∗∗∗ 0.145∗∗∗ 0.143∗∗ 0.151∗∗∗ 0.149∗∗∗

over prior 12 months (0.032) (0.032) (0.058) (0.032) (0.031)

Returnin PERS retirement account −0.068 −0.065 0.058 −0.073 −0.068
over prior 12 months (0.091) (0.091) (0.166) (0.098) (0.090)

(continued)
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Table 6
Continued

Sample: Full Full Age 58 Peer Choices Full

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

Years-of-service fixed effects? Yes Yes Yes Yes Yes
Age-in-years fixed effects? Yes Yes Yes Yes Yes
Sample size 31,809 31,809 4,254 28,762 31,809
PseudoR2 0.0556 0.0559 0.0574 0.0540 0.0577

We report marginal effects estimated via logit. The dependent variable equals one when retireek choosesthe
lump sum option and zero when the retiree chooses the total life annuity option. Columns (1), (2), and (5)
focus on the full sample of PERS retirees; Column (3) is restricted to retirees who are 58 years old and not
eligible for police or fire benefits; and Column (4) is restricted to retirees for whom we can calculate the fraction
of coworkers who chose the lump sum option in the past twelve months. Our measures of the value of the
incremental life annuity payments are based on the following decomposition:

MWk
Max =

[
MWk

TIAA

]
×

[
MWk

Max

MWk
DC

]

×

[
MWk

DC

MWk
TIAA

]

=
[
MWk

TIAA

]
×
[
δk
]

×
[
θk
]
,

whereMWTIAA is the money’s worth of the incremental life annuity available from TIAA,MWDC is the money’s
worth of the incremental life annuity available from PERS assuming that the total and partial life annuity
payments are both calculated underDC, andMWMax is the money’s worth of the incremental life annuity
available from PERS based on the maximum total and partial life annuity payments that retireek is eligible to
receive. In Column (2), we decomposeδ further,

δk =

[
MWk

Max

MWk
DC

]

×




MWk

Hyp. Max

MWk
DC

×
MWk

Max

MWk
Hyp. Max



 =
[
δk
1 × δk

2

]
,

where MWHyp.Max is the money’s worth of the incremental life annuity payments available from PERS,
assuming that retireek is eligible for total life annuity payments calculated underDCDB. In addition, we
include dummy variables indicating whether retireek is ineligible for total life annuity payments calculated
underDCDB, has access to a lump sum payment in the top 10% of all lump sum payments during our sample
period, or has access to incremental life annuity payments in the bottom 10% of all incremental life annuity
payments during our sample period. We also include the fraction of retireek’s coworkers who chose the lump
sum option in the prior twelve months (set to missing when there have been no retirements from the employer
in the prior twelve months). All other variables are defined in the notes to Table5. Standard errors cluster on the
date of the payout choice (e.g., June 2002). Significance at the 10%, 5%, and 1% levels is denoted by *, **, and
***.

adjustsits actuarial equivalency factors each January, in response to changes
in the risk-free rate, the money’s worth of the life annuity available from TIAA
exhibits little variation. Not surprisingly, the estimated coefficient on this term
is small and statistically indistinguishable from zero.

The second term,δ, captures plausibly exogenous cross-sectional variation
in the dollar value of the incremental life annuity payments arising from the
use of multiple benefit formulas. Because retirees always receive the maximum
incremental life annuity payments for which they are eligible, variation in
money’s worth based on how PERS calculates life annuity payments should
be uncorrelated with retiree preferences for incremental life annuities versus
lump sums. Whereas the predicted coefficient onδ is negative, the estimated
coefficient is positive and statistically significant. However, the economic
magnitude is small. A one-standard-deviation increase inδ only increases the
probability of choosing the lump sum option by 0.41 percentage points.
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Part of the variation inδ arises from the fact that retirees who first
contribute to PERS after August 1981 are not eligible for theDCDB total
life annuity benefit. Among the 21.1% of retirees who are not eligible for
DCDB, approximately half (10.1% of the full sample) face lower incremental
life annuity payments at retirement because of this ineligibility. In Column
(2), we distinguish variation in the value of incremental life annuity payments
due to other sources (δ1) from variation due to ineligibility forDCDB (δ2).
Whenwe focus onδ2, we finally find evidence that lower money’s worth is
associated with higher demand for the lump sum option. But here, too, the
economic magnitude is small. A one-standard-deviation decrease in money’s
worth due to ineligibility for DCDB is associated with a 0.41-percentage-
point increase in demand for the lump sum. The implied price elasticity of
demand is also small. In the sample of retirees who would have received
benefits underDCDB if they had been eligible, prices of the incremental life
annuity payments are 11.1% higher on average, and demand for the total life
annuity option is predicted to be 1.1 percentage points lower. Because 82.9%
of the retirees in this sample choose the total life annuity option, this 1.1
percentage point reduction corresponds to a 1.3% reduction in demand for
incremental life annuity payments. Therefore, the estimated price elasticity of
demand for incremental life annuity payments is inelastic and equal to−0.12
(−1.3% divided by 11.1%). The dummy variable indicating whether retireek is
ineligible forDCDBcontrols for the possibility that individuals accepting jobs
as public employees after a reduction in expected retirement benefits attach
less value to life annuities. However, none of the estimated marginal effects
are positive and statistically significant.

The third term,θ , measures the money’s worth of the incremental life
annuity payments underDC relative to the money’s worth of life annuity
payments available from TIAA—the same source of plausibly exogenous
time-series variation that we study in Table4. The estimated coefficient is
positive and statistically significant. In terms of economic significance, a
one-standard-deviation increase in the relative value of the incremental life
annuities available from PERS is associated with a 2.5 percentage point
increase in demand for the lump sum.

To summarize, the evidence that retirees respond to cross-sectional variation
in money’s worth driven by formulaic eccentricities of the PERS benefit calcu-
lations is weak. And, despite our numerous controls for retiree characteristics,
economic conditions, and investor sentiment, we find no evidence that demand
for the lump sum option responds in the predicted direction to time-series
variation in interest rates.

4.2.4 Robustness. We perform robustness tests in the remaining columns
of Table 6. In Column (3), our goal is to identify retirees whose choice of
retirement date is more driven by retirement eligibility than by the level of
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their retirement benefits, so we restrict the sample to retirees who are fifty-
eight years old and for whom the normal retirement age is fifty-eight. Our
main results hold within this much smaller sample albeit, in some cases, with
lower levels of statistical significance. They also hold when, in Column (4), we
include the fraction of the retiree’s coworkers who chose the lump sum option
over the prior twelve months. We view this specification as controlling for
employer-level heterogeneity in the preference for incremental life annuities
versus lump sums.27

To explore the possibility that retirees rely on less sophisticated—but more
salient—measures than money’s worth, we include two additional dummy
variables in Column (5). The first indicates whether the lump sum payment
(measured in December 2003 dollars) is in the top 10% of those offered
to PERS retirees; the second indicates whether the incremental life annuity
payments (measured in December 2003 dollars) are in the bottom 10% of
those offered to PERS retirees. The estimated coefficients on both variables
are statistically and economically significant. Retirees facing “large” lump sum
payments are 4.6 percentage points more likely to choose the lump sum option,
and those facing “small” incremental life annuity payments are 4.6 percentage
points more likely to choose the lump sum option.28 Although these findings
support the idea that retirees rely onad hocrules when choosing between the
total life annuity and lump sum options, their inclusion has little impact on
the estimated coefficients on the other independent variables. In particular, we
continue to find that demand for the lump sum option increases (rather than
decreases) with the money’s worth of the incremental life annuities and with
recent equity market returns.

5. Conclusion

To determine how retirees value life annuities, we compare the actual payout
choices of a large sample of Oregon public employees to the predictions of
a life-cycle model. Because life annuities provide stable income until death
and because the incremental life annuities available from PERS are better than
actuarially fair, we predict that average demand for the lump sum option will be
low. Consistent with this prediction, we find that 85% of PERS retirees choose
the total life annuity option. This is a much greater demand for incremental life
annuities than has been documented in other settings.

Whether and how retirees respond to variation in the value of life annuity
payments, however, depends crucially on the source of variation. When we

27 Chalmers,Johnson, and Reuter(2008) provide evidence of peer effects in the retirement timing decision. Here,
we have the more modest goal of using coworker behavior to capture otherwise unobservable heterogeneity in
retiree preferences.

28 Basedon a survey of 2,600 employees and 2,400 retirees in 2007, Watson Wyatt concludes that “Most employees
want a lump sum—if it’s big enough.” The survey is summarized in “Who Prefers Annuities? Observations
About Retirement Decisions,” published in the April 2008 issue ofWatson Wyatt Insider.
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focuson salient and easily understood variation due to differences in retiree
characteristics, our findings are consistent with both theory and the existing
literature. When we focus on sources of plausibly exogenous variation in
life annuity pricing that are unique to our setting but arguably less salient,
our findings are difficult to reconcile with theory. The evidence that retirees
respond to cross-sectional variation in life annuity pricing is limited to a single
source of variation in the level of the incremental life annuity payments, and
the implied price elasticity of demand is small. Moreover, when we exploit
exogenous variation in life annuity pricing arising from time-series variation
in the risk-free rate, we find no evidence that demand for the lump sum option
falls when interest rates are lower. Instead, we find that demand for the lump
sum option is higher when equity returns have been higher. We believe that
these last two findings are best explained by financial illiteracy.

However, an alternative interpretation is that retirees are solving more
complicated optimization problems than we appreciate. For example, time-
series variation in demand for the lump sum option may be driven by time-
series variation in the level of financial constraints. Although it seems unlikely
to us that the level of financial constraints increases with recent equity market
returns and decreases with the interest rate, we cannot directly test this
alternative. Also, we cannot directly test the alternative in which retirees
understand that when interest rates fall, the level of PERS underfunding rises
and exposes retirees who choose the total lump sum option to greater political
risk. However, the level of financial constraints or perceived political risk
would need to increase significantly to justify forgoing life annuity payments
with an expected present value of $1.45 (or more) for $1.00 in cash. Finally,
what we classify as retiree mistakes may reflect self-interested advice from
financial advisors seeking assets under management. It is plausible that it is
easier to convince retirees to choose the lump sum option and roll it over
to an IRA when recent equity returns are higher and current interest rates
are low.

Regardless of how we interpret the impact of interest rates and equity
market returns on demand for lump sums, our article offers two lessons to
policymakers interested in increasing annuitization rates. To the extent that
we find any evidence that retirees respond rationally to changes in annuity
pricing, the effect is small. This suggests that small changes in annuity pricing,
e.g., due to the introduction of tax subsidies or longevity bonds (Brown and
Orszag 2006), are unlikely to increase annuitization rates by an economically
significant amount. On the other hand, the fact that we find high demand for
the total life annuity option suggests that retirees may respond strongly to
large, salient changes in annuity prices. But, given the evidence inMadrian and
Shea(2001) andBütler and Teppa(2007), we believe that policymakers should
explore the efficacy of more cost-effective solutions to low annuitization rates,
such as making life annuities the default retirement payout choice in retirement
plans.
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Appendix. Determinants of PERS Incremental Life Annuity Payments

In this Appendix, we describe the formulas used to calculate life annuity payments under the total
life annuity and lump sum options. There are four inputs. The first input,xDB, captures the defined
benefit aspect of PERS retirement benefits, whereas the second input,xDC , captures the defined
contribution aspect of PERS retirement benefits. Formally,

xDB = Final Average Salary× Years of Service× Adjustment for Early Retirement

xDC = AccountBalance× AEFPERS

,

where xDB equalsthe retiree’s final average salary times years of service times a factor that
reduces benefits when retiring before the normal retirement age, andxDC equalsthe retiree’s
PERS account balance times the actuarial equivalency factor that PERS uses to convert this
account balance into a (baseline) life annuity payment.AEFPE RSdependson age but not gender.
The third input is a dummy variable,I PF , indicating whether the retiree is eligible for police and
fire benefits, which are more generous than those available to normal members. The fourth input is
a dummy variable,I DC DB, indicating whether the retiree contributed to PERS by August 1981;
if so, the retiree is eligible for total life annuity payments calculated underDCDB.

The level of the total life annuity payment is the maximum of three possible benefits,

T L A = max






(xDB × (0.0100 + 0.0035 × IPF) + xDC) × IDCDB (DC DB)

xDB × (0.0167 + 0.0035 × IPF (DB)

xDC × 2 (DC)





.

When the retiree is eligible for theDCDB benefit, it equals 50.0% of theDC benefit plus 59.9%
of theDB benefit for normal retirees (67.5% of theDB benefit for police and fire). Regardless of
which formula gives the maximum total life annuity payment, the level of the life annuity payment
under the lump sum option is calculated as the maximum of two possible benefits,

PL A = max

{
xDB × (0.0100 + 0.0035 × I PF )

xDC

}

.

Neitherbenefit depends on eligibility for theDCDB total life annuity benefit.
In TableA1, we calculate two ratios that summarize trade-offs between the total life annuity

and lump sum options. One panel focuses on normal retirees; the other panel focuses on police
and fire officers.

The first ratio is the incremental life annuity payment divided by the total life annuity payment.
It ranges from 32.5% for police and fire officers retiring underDB, to 40.1% for normal retirees
retiring underDB, and to 50.0% for anyone retiring underDC. In rows (b) and (c), whenDCDB
offers the highest total life annuity payment,DCDB-eligible retirees face larger incremental life
annuity payments than doDCDB-ineligible retirees.

The second ratio,δ, is the money’s worth of the actual incremental life annuity payments
divided by the money’s worth of the incremental life annuity payments underDC. Because there
are values ofDC and DB for which DCDB-ineligible retirees receive lower total life annuity
payments—but the same life annuity payments under the lump sum option—there are values
of xDC and xDB for which DCDB-ineligible retirees will find the lump sum option relatively
more attractive. ForDCDB-eligible retirees,δ equals one when the total life annuity payment is
calculated underDC andDCDBand is greater than one underDB. However, forDCDB-ineligible
retirees,δ can be as low as 0.65. Note that whenδ equals one, variation inδ is entirely driven by
retiree age. This reflects the fact that PERS does not adjust its actuarial equivalency factors during
our sample period and that we estimate the expected present discount value of the incremental life
annuity payments available to each retiree using mortality tables from 2004.
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Table A1
Trade-offs between total life annuity option and lump sum option

Panel A: Normal Retirees (IPF = 0)

MaximalTLA Benefit (TLA - PLA) / TLA δ

I DC DB = 1 I DC DB = 0 I DC DB = 1 I DC DB = 0 I DC DB = 1 I DC DB = 0
(a) DB DB 0.401 0.401 >1 >1
(b) DCDB DB (0.401, 0.443) 0.401 1 [0.802, 1.000]
(c) DCDB DC (0.443, 0.500) (0.401, 0.500) 1 [0.802, 1.000]
(d) DC DC 0.500 0.500 1 1

Panel B: Police and Fire Retirees(I PF = 1)

MaximalTLA Benefit (TLA - PLA) / TLA δ

I DC DB = 1 I DC DB = 0 I DC DB = 1 I DC DB = 0 I DC DB = 1 I DC DB = 0
(a) DB DB 0.325 0.325 >1 >1
(b) DCDB DB (0.325, 0.426) 0.325 1 [0.650, 1.000]
(c) DCDB DC (0.426, 0.500) (0.325, 0.500) 1 [0.650,1.000]
(d) DC DC 0.500 0.500 1 1

This table summarizes trade-offs between the total life annuity and lump sum options for retirees for whom the
maximal total life annuity payment is calculated using different benefit formulas.IPF is a dummy variable that
indicates whether the retiree is eligible for police and fire benefits.I DC DB is a dummy variable that indicates
whether the retiree contributed to PERS by August 1981, making her eligible forDCDB total life annuity
benefits. Panel A focuses on normal retirees (I PF = 0), and Panel B focuses on police and fire (IPF = 1).
Thefour rows correspond to the different ways that full life annuities can be calculated forDCDB-eligible and
DCDB-ineligible retirees, whereDC is the defined contribution retirement benefit,DB is the defined benefit
retirement benefit, andDCDB is half of theDC benefit plus more than half of theDB benefit.xDB is defined
as final average salary times years of service times a factor that reduces benefits when retiring before the
normal retirement age.xDC is defined as the PERS account balance times AEFPERS. For normal retirees,
the four rows correspond to (a)xDC <0.00670xDB; (b) 0.00670xDB ≤ xDC <0.00835xDB; (c) 0.00835
xDB ≤ xDC <0.01 xDB; and (d)xDC ≥ 0.01 xDB. For police and fire, the four rows correspond toxDC
<0.00650xDB; 0.00650xDB ≤ xDC <0.01 xDB; 0.01 xDB ≤ xDC <0.01350xDB; andxDC ≥ 0.01350
xDB. TLA is the level of the life annuity payment associated with the total life annuity option, andPLA is
the level of the life annuity payment associated with the lump sum option. The termδ (which appears in
Equation (3)) measures the money’s worth of the forgone life annuity payments associated with choosing the
lump sum option relative to case (d), when the total life annuity and lump sum life annuity are both calculated
usingDC.
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