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Abstract
A critica question for Socid Security policy is how program incentives affect retirement

behavior. We use the wedlth of new data available through the Hedlth and Retirement Survey (HRS) to
examine the impact of Socid Security incentives on mae retirement. We implement forward-looking
models of retirement whereby individuals consider not just the incentives to work in the next year but in
al future yearsaswdl. We find that such forward looking incentive measures for Socia Security are
sgnificant determinants of retirement decisons. Our findings suggest that Socid Security policies which
increase the incentives to work at older ages can sgnificantly reduce the exit rate of older workers from

the labor force.
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Introduction

One of the mogt sriking labor force phenomena of the second haf of the twentieth century has
been the rapid decline in the labor force participation rate of older men. In 1950, for example, 81% of
62 year old men werein the labor force; by 1995, this figure had fallen to 51%, though it has rebounded
dightly in the past few years (Quinn, 1999).

Much has been written about the proximate causes of thisimportant trend among older men,
and in particular about the role of the Socid Security program. A large number of articles have
documented pronounced “ spikes’ in retirement a ages 62 and 65, which correspond to the early and
normd retirement ages for Socid Security, respectively. While there are some other explanations for a
spike at age 65, such as entitlement for health insurance under the Medicare program or rounding error
in surveys, thereis little reason to see a spike a 62 other than the Socid Security program. Indeed, as
Burtless and Moffitt (1984) document, this spike at age 62 only emerged after the early retirement
eigibility age for men was introduced in 1961.

The presence of these strong patternsin retirement data suggest that the underlying structure of
SS playsacriticd role in determining retirement decisons. But the impact of changesin Socid Security
generogty on retirement decisonsisless obvious. A large literature dating from the mid-1970s has
investigated this relationship, and the broad conclusion of that literature is that the level of Socid
Security benefits has a significant, but modest, effect on retirement dates.

The purpose of our paper isto revist the impact of Socia Security on retirement, using the best
available recent data on retirement behavior, the Health and Retirement Study (HRS). Thisisa

comprehensive data set from the 1980s and 1990s which contains information on demographic and job
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characterigtics, labor force attachment, earnings histories, and the features of private penson plansfor a

large sample of individuds near retirement age.

We use these data to revigit the important observation of Stock and Wise (1990a,b) that it is
not smply the leve of retirement wedth or the increment with one additiond year of work that matters,
but the entire evolution of future wealth with further work. Their “option vaue’ modd posited
retirement decisions as a function of the difference between the utility of retirement at the current date
and a the date which maximizes one s utility. They used data from a sample of firms with pension plans
to show that the option of future benefit increments affected retirement decisonstoday in this
framework. Thisfinding is echoed in areduced form context (usng some of Stock and Wise's
edimated utility parameters) by Samwick (1998), who used data across many firmsin the Survey of
Consumer Finances (SCF).

This past work, however, was subject to three potentialy important limitations. First, these
papers have focused on dl retirement income, including pensions, and have not isolated the impact of
Socid Security per se. There are anumber of reasonsto believe that the responsiveness of retirement
to Socid Security and private pengion incentives may differ, and it is only the former that is relevant for
Socia Security policy-making. Second, retirement decisionsin the option vaue framework are a
function of both penson incentives and wages, the latter of which provides the vast mgority of variation
acrossindividuasin option value. If wage differences acrossindividuas capture partly heterogeneity in
tastes for work, however, then building wage variation into the retirement incentive measure can lead to
mideading estimates of the responsveness to financid incentives. Findly, the previous data have ether

been specific to a handful of firms, or have not contained sufficient detail to compute correctly Socid



Security incentives for retirement.

Our work remedies these deficiencies by building on the strengths of thisimpressive new data
source. We edtimate detailed models of retirement decisons that first incorporate Socia Security only,
and then incorporate private penson incentives aswell. We draw on the insghts of Stock and Wisein
developing forward-looking measures of incentives, but we also consider in more detail the sources of
variation in these incentives, by contralling in arich way for past earnings, and developing forward-
looking measures that are not primarily driven by wage differences.

We have at least three mgjor findings. Firdt, retirement appears to respond much more to
Socid Security incentive variables defined with reference to the entire future stream of retirement
incentives than to the accrud in retirement wedth over the next year done, indicating that forward-
looking measures of this type are important variables to include in retirement models. Second, these
forward looking measures have a significant impact on retirement decisions, these impacts are largest for
incentive measures that are identified solely from retirement income effects, and not from wage effects,
and from Socid Security incentives only, and not pension incentives aswell. Findly, the types of policy
proposals currently contemplated in the Socid Security reform debates will have relatively modest
effects, largely due to offsetting wedlth and accrud effects, though larger effects are possibleif the policy
changes d o affect socid “norms’ regarding retirement. Proposals for which these effects do not offset,
such as raisng incentives for work only at older ages, may have the largest effect on retirement
behavior.

Our paper proceeds asfollows. We begin, in Part |, with background on both the relevant

indtitutiona feetures of the SS system, and on the previous literature in thisarea.  We then move on, in
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Part 11, to describe our data and empirical strategy. Part 11 presents our basic results for Social

Security impacts on retirement, consdering as well the impact of incorporating pension incentives. Part
V carries out a series of smulation exercises to assess the impact of Socia Security reform using our

modd, and Part VI concludes.

Part |: Background
Institutional Features of Social Security

The Socid Security system is financed by a payroll tax which islevied equaly on workers and
firms. Thetota payroll tax paid by each party is 7.65 percentage points; 5.3 percentage points are
devoted to the Old Age and Survivors Insurance (OASI) program, with 0.9 percentage points funding
the Disability Insurance (DI) system and 1.45 percentage points funding Medicare's Hospita Insurance
(HI) program.* The payroll tax that funds OASI and DI islevied on earnings up to the taxable
maximum, $72,600 in 1999; the HI tax is uncapped.

Individuas quaify for an OASl pension by working for 40 quartersin covered employment,
which now encompasses most sectors of the economy. Benefits are determined in severd steps. The
firgt step is computation of the worker's Averaged Indexed Monthly Earnings (AIME), which is 1/12th
of the average of the worker's annua earnings in covered employment, indexed by a national wage
index. A key feature of this processis that additiona higher earnings years can replace earlier lower

earnings years, since only the highest 35 years of earnings are used in the calculation (the * dropout year

The tota OASI +DI contribution rate has been 6.2% since 1990, dthough the division between the
two parts has varied dightly from year to year; the OAS portion is 5.35% in 1999 and will be 5.3%
garting in 2000.



provision”).2

The next step of the benefits caculation isto convert the AIME into the Primary Insurance
Amount (PIA). Thisisdone by applying athree-piece linear progressive schedule to an individud's
average earnings, whereby 90 cents of thefirgt dollar of earningsis converted to benefits, while only 15
cents of the last dollar of earnings (up to the taxable maximum) is so converted. Asaresult, therate at
which SS replaces past earnings (the "replacement rate”) falswith the leve of lifetime earnings.

Thefina step isto adjust the PIA based on the age at which benefits are first claimed. For
workers commencing benefit receipt a the Norma Retirement Age (currently 65, but legidated to
dowly increase to 67), the monthly benefit isthe PIA. For workers claming before the NRA, benefits
are decreased by an actuaria reduction factor of 5/9 of one percent per month; thus, aworker claiming
on his 62" birthday receives 80% of the PIA.* Individuals can dso ddlay the receipt of benefits beyond
the NRA and receive a Delayed Retirement Credit (DRC). For workers reaching age 65 in 1999, an
additiona 5.5% is paid for each year of dday; thisamount will steadily increase until it reaches 8% per
year in 2008.

While aworker may claim as early as age 62, receipt of SS benefitsis conditioned on the

"earnings test”" until the worker reaches age 65.* A worker age 62 to 65 may earn up to $9,600 in

“While earnings through age 59 are converted to redl dollars for averaging, earnings after age 60 are
treated nomindly. Thereisatwo-year lag in avalahility of the wage index, cdling for abasein the year
in which the worker turns 60 in order to be able to compute benefits for workers retiring at their 62nd
birthdays. Thisimplies particularly large effects of this dropout year provison for earnings near the age
of retirement, particularly in high inflation environments.

*The reduction factor will be only 5/12 of one percent for months beyond 36 months before the
NRA, which will become relevant once the delay in NRA becomes effective.

“Until 2000, workers aged 65-69 were subject to an earnings test with a higher earnings floor and
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1999 without the loss of any benefits, then benefits are reduced $1 for each $2 of earnings above this

amount. Months of benefits logt through the earnings test are treated as delayed receipt, entitling the
worker to a delayed retirement credit on the lost benefits when he resumes full benefit receipt.

One of the most important features of Social Security isthat it o provides benefitsto
dependents of covered workers. Spouses of SS beneficiaries receive a dependent spouse benefit equal
to 50% of the worker’s PIA, which is available once the worker has claimed benefits and the spouse
has reached age 62; however, the spouse only receives the larger of this and her own entitlement asa
worker.> Dependent children are dso each digible for 50% of the PIA, but the total family benefit
cannot exceed a maximum which is roughly 175% of the PIA. Surviving spouses receive 100% of the
PIA, beginning at age 60, dthough thereis an actuaria reduction for claiming benefits before age 65 or
if the worker had an actuarid reduction. Findly, benefit payments are adjusted for increasesin the
Consumer Price Index (CPI) after the worker has reached age 62; thus, Social Security provides ared
annuity.

Previous Related Literature

A number of studies have used aggregate information on the labor force behavior of workers at
different ages, such asthat documented in the introduction, to infer the role that is played by Socid
Security. Hurd (1990) and Ruhm (1995) emphasi ze the spike in the age pattern of retirement at age 62;

as Hurd (1990) states, "there are no other ingtitutiona or economic reasons for the peak”. Using

lower tax rate than that for workers aged 62-65. However, the Senior Citizens' Freedom to Work Act
of 2000 diminated the earnings test for persons aged 65-69 as of January, 2000.

>Spousal benefits can begin earlier if there is a dependent child in the household; spousal benefits are
als0 subject to actuarid reduction if receipt commences before the spouse’ s NRA.
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precise quarterly data, Blau (1994) finds that dmaost one-quarter of the men remaining in the labor force

at their 65th birthday retire within the next three months; this hazard rate is over 2.5 times aslarge asthe
rate in surrounding quarters. Lumsdaine and Wise (1994) examine this“excess’ retirement at 65 and
conclude that it cannot be explained by the change in the actuaria adjustment at this age, nor by the
incentives embedded in private pension plans or the availability of retirement hedlth insurance through
Medicare. However, this does not rule out arole for Socid Security; by setting up the "foca point” of a
normd retirement age, the program may be the causd factor in explaining this spike.

The main body of this retirement incentives literature attempts to specificaly modd the role that
potentid SS benefits play in determining retirement. Broadly spesking, there are four classes of studies
inthisliterature. The earliest work in this area, from the early 1970s through the mid-1980s, considered
reduced form models of the retirement decision as afunction of Socid Security wedth and pension
levels. Much of thisliterature is reviewed in Mitchdl and Fidds (1982); more recent citesinclude
Diamond and Hausman (1984), and Blau (1994). While these articles differ in the estimation Strategies
employed, with the more recent work using richer models such as nonlinear 2SS or hazard modeling,
the results are broadly suggestive of asgnificant role for Sociad Security, but arole which is small
relative to the time trends in retirement behavior documented in the introduction.

A key limitation of thisfirst class of sudy isthat it congders socid security effectsat apoint in
time, but not any impacts on the retirement decision arising from the time pattern of SSW accruds. This
was remedied in three different ways by subsequent literatures. Thefirst wasto consder structura
modeling of retirement decisons by workers facing a lifetime budget congtraint; examples here include

Burtless (1986), Burtless and Moffitt (1984), Gustman and Steinmeier (1985, 1986), and Rust and
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Phelan (1997). The second was to continue to estimate reduced form models, but to incorporate the

accrua of SSW with ayear of additiond work; examples here include Fields and Mitchell (1984),
Hausman and Wise (1985), and Sueyoshi (1989). Both of these types of studies continued to find an
important, but modest, role for Socid Security, and some (e.g. Fields and Mitchell) indicated alarger
role for private pensons. Thefind strand of thisliterature is the option value work of Stock and Wise
noted above.

A find article that deserves particular mention hereisthat of Krueger and Pischke (1992). They
note that the key regressor in many of the articles summarized here, SS benefits, is a non-linear function
of past earnings, and retirement propensities are clearly correlated with past earnings levels. They solve
this problem by using a unique "naturd experiment” provided by the end of double-indexing for the
"notch generation” that retired in the late 1970s and early 1980s. For this cohort, SS benefits were
greatly reduced relative to what they would have expected based on the experience of the early-mid
1970s, yet the dramatic fdl in labor force participation continued unabated in thisera. Thisraises
important questions about the identification of the cross-sectiond literature. However, even with this
natura experiment, Krueger and Pischke find significant and sizeable impacts of SS accruason
retirement, which highlights the vaue of the dynamic gpproach, and suggests that the additiona non-
linearities which govern the evolution of SSW (as opposed to itslevel) may be a fruitful source of
identification for retirement models.

Each of these dynamic literatures has important limitations. The first suffers from the perhaps

untenable assumptions that are required to identify these very complicated structural models® The

®For acriticism of this type in the context of this type of estimation of genera labor supply responses,
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second suffers from the limited way in which dynamic retirement incentives are specified. Some of these

problems are remedied by the option value literature, but this literature has not separated the impact of
Socid Security incentives, as digtinct from pension incentives, on retirement. Stock and Wise did not
attempt this decomposition, and Samwick’ s attempts were unsuccessful, perhaps due to the
measurement error in Sociad Security incentives arising from alack of earnings history data. If dl dollars
of retirement wealth are weighed equaly by potentia retirees, then pension differences provide a
legitimate source of identification of retirement income effects. Bt if they are not, either because
individuals understand their firm’ s pension incentives better than Socid Security incentives, or because
the red annuity provided by Socid Security isvaued differently than the nomina annuity provided by
most defined benefit pengons, then it isimportant to separately estimate Socid Security and private
pension impacts.”

In addition, dl of these studies suffer from important data deficiencies, either because the
estimates are based on data from the 1970s, when the Structure of the Socia Security system wasfairly
different, or data from only a handful of firms, or data without complete information on SS incentives.
Findly, dl of these literatures suffer from alack of careful attention to the sources of identification of the
retirement incentive effects that they estimate. As highlighted by Krueger and Pischke (1992), SS
bendfits are a non-linear function of earnings, making it difficult to disentangle their impact from the
separate impact of earnings on the work decision. This problem is not necessarily surmounted, and is

potentialy compounded, by the later literature, which uses a measure of future incentives (the “option

see MaCurdy (1981).

"The latter is suggested by Diamond and Hausman (1984), who find much smaller effects of
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vaue’) that islargdy determined by wage differences across individuas and only secondarily influenced

by the gtructure of retirement incentives, we discuss thisissue a more length below.

Part 11: Data and Empirical Strategy
Data

Our data for this analysis comes from the Hedlth and Retirement Study. The HRS is a survey of
individuas aged 51-61 in 1992 with re-interviews every two years; the first four waves of the survey
(1992, 1994, 1996, and 1998) are available at thistime® Spouses of respondents are aso interviewed,
s0 the total age range covered by the survey is much wider.

A key feature of the HRS is that it includes Socid Security earnings histories back to 1951 for
most respondents. This provides two advantages for our empirica work. Fird, it dlows usto
appropriately caculate benefit entitlements, which depend (through the dropout year provison) on the
entire history of earnings® Second, it allows us to construct alarge sample of person-year observations
by using the earnings histories to compute SS retirement incentives and labor force participation a each
age. Weuse dl person-year observations on men age 55-69 for our anadysis, subject to the exclusions
detailed below.

We focus on maesin this andyss, to follow the previous literature; see Coile (1999) for a

pensions on retirement than those of Socid Security.

#The 1996 wave 3 data is available partly in find release form and partly in prliminary form; the
1998 wave 4 data are preliminary.

°0Only earnings since 1950 are required to compute SS benefits for our sample's age range; the
benefit rules specify that a shorter averaging period is used for persons born prior to 1929.
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related analyss of femae retirement decisons. Our sample is selected conditiona on working, so that

we examine the incentives for retirement conditional on being in the labor force. Work is defined in one
of two ways. For those person-years before 1992, when we are using earnings histories, we define
work as positive earnings in two consecutive years, if earnings are podtive this year but zero the next
(and if the year of zero earnings occurs at or after age 55), we consider the person to have retired this
year.'® For person-years from 1992 onwards, when we have the actua survey responses, we cannot
use this earnings-based definition, since we only have earnings at two year intervas. For thisera, we
use information on salf-reported retirement status and dates of retirement to construct retirement
measures.™

While these are somewhat different congtructs, the hazard rates in the two samples by age are
amod identical, asisillugtrated in Figure 1. Although the hazard rete at the oldest ages becomes noisy
for the pre-1992 sample, due to small sizes, the key tendencies in the data, most notably the spikes at
age 62 and 65, are present and quite Ssmilar in both halves of the sample. Thus, we combine them for
precison purposes. It isimportant to note that we only consider individuas before their first retirement;
if aperson who is categorized as retired reenters the [abor force, the later observations are not used.

Our sample sdection criteriaare documented in Table 1. There are 5,886 men who appear in

1%0ne potentia problem with using earnings histories to define retirement is that an individua may
move from the private sector to the state and local government sector, in which case he would be
classfied asretired when in fact heis till working. We check for this by dropping al individuas who
ligt their industry as public adminigtration and find thet the results are Smilar.

1§ anindividual Smultaneously reports his labor supply status as working and retired, we trest him
asworking.
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waves 1, 2, or 3 of the HRS*? Wefirst exclude 1,533 men who are missing SS earnings history data.

These data, fortunately, appear to be missing essentialy randomly, as noted by Haider and Solon
(1999). We then exclude 99 observations where the respondent or spouse is born prior to 1922, as
these individuds are subject to different SS benefit rules. We aso exclude 240 observations where the
wifeis missing SS earnings history data (necessary due to the family structure of benefits) and 67
observations with an ambiguous work history.®® Next, we exclude 730 men who retired prior to age
55. The remaining 3,217 men are converted into 18,733 person-year observations by creating one
observation for each year from 1980 through 1997 in which the individua is between the ages of 55 and
69 and working at the beginning of the year. Findly, we exclude 988 person-year observations that
represent labor force re-entry after a previous retirement. The find sample Szeis 17,745 observations.

The means of our key variables are shown in Table 2. In any given year, 5.7% of our sample

retires. The hazard rate of retirement by age is depicted in Figure 1. For our sample, we see a
pronounced spike a age 62, an devated hazard at age 63 as well, and then amuch larger spike at age
65. The average age of our sampleis 58.5, and 91% of our sampleis married; the typica man in our
sampleis 4.3 years older than hiswife. About eighty percent of the sample iswhite. Roughly 25% of

the sample are high school dropouts, 36% have only a high school degree, 14% have some college, and

Observations which enter the sample a wave 4 will not be used in the andlysis, as multiple
observations on the same person are required to establish work and retirement status.

30Observations with missing spouse data are those for which we know that the spouse worked at
least haf as many years as her husband, but where we don’'t have her SS earnings records.
Observations with an ambiguous work higtory are those who have zero covered earnings in the
adminigrative data from age 54 through 1991, have positive self-reported earnings in 1991, and report
that they have changed jobs between age 54 and 1991, they are excluded because it isimpossible to
know whether they have retired prior to 1991 and re-entered the labor force.
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25% are college graduates. The average projected earnings for the next year of work are dightly above

$31,000 (in 1992 dollars), and the average monthly earnings over the working life are just over $2,100.
Thetypica spouse s earnings (averaging over Sngle men, men with non-working wives, and men with
working wives) are about $9,400 for an additional year of work and $525 per month on average over
her lifetime. The typical man in our sample has 40 years of labor market experience and 17 years of
tenure on their current job; 5.4% of our sample is missing tenure information (indicating a short-term
job).
Incentive Variable Calculation - Accrual

Our god isto measure the retirement incentives inherent in SS and privete pension systems.
The firgt step in this caculation uses a smulation mode we have developed to compute the PIA for any
individud at al possble future retirement detes. This processis based on a careful modeling of Socia
Security benefits rules and has been cross-checked againgt the Socid Security Adminigtrations's
ANYPIA mode for accuracy. The appropriate actuarial adjustment is applied to the PIA to obtain the
monthly benefit entitlement.

The next step isto compute the expected net present discounted value of Socia Security
Wedlth (SSW) associated with each retirement date. Our methodology for doing so is described in
Appendix |. For single workers, thisis smply asum of future benefits, discounted by time preference
rates and surviva probabilities. For married workers it is more complicated, snce we must include
dependent spouse and survivor benefits and account for the joint likelihood of survivd of the worker
and dependent. We use ared discount rate of 3% and surviva probabilities from the age and sex

specific U.S. life tables from U.S. Department of Health and Human Services (1990).
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We next compute the other SS incentive varigbles. Weinitialy follow the literature and focus

on the accrud, the change in SSW resulting from an additiond year of work. There are two routes
through which an additiona year of work affects SSW. Firg, the additiond year of earnings will be
used in the recomputation of SS benefits. For workers who have not yet worked 35 years, this replaces
a zero in the benefits computation; for workers who have worked 35 years, it may replace a previous
low earnings year. So the recomputation raises SSW (or leaves it unchanged). Second, a ages 62 and
beyond, the additiond year of work impliesadday in daming; this raises future benefits through the
actuarid adjustment, but reduces the number of years of benefit receipt, so the net effect is uncertain.
Both of these factors will affect workers differently, depending on their potential earnings next year,
earnings history, mortality prospects (which will vary over time and cohort in our deta), family structure,
and spouse’ searnings.  Thus, the net effect of an additiona year of work on SSW istheoreticaly
ambiguous and will vary significantly across people.

Computing the accrud and other incentive variables requires projecting the worker’ s potentia
earnings next year (or in al future years). We consdered a number of different projection
methodologies, and found that the best predictive performance was from a modd which smply grew
real earnings from the last observation by 1% per year, So we use this assumption in our smulations™

Our SSincentive variables incorporate dependent spouse and survivor benefits, since these are

important components of SSW. For men with non-working wives or wives whose benefits entitlement

“Projected earnings aways represent potential earnings for one full year. For example, in the case
where an individud earns $2X in year t and $X in year t+1 because he retires hdfway through the year,
the year t+1 observation has projected rea earnings of $2X*(1.01) and there is no t+2 observation
(sncetheindividud retiresin year t+1).
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isless than one-half of the husband’s, these benefits are based on the husband’ s earnings record. For

men whose wives have alarger benefit entitlement on their own, these benefits are based on her record
but are dso included in SSW. Since afull modding of the joint retirement decision is beyond the scope
of this paper, we smply assume that the wivesin this sample who are working will retire at age 62; this
seems reasonable, given that the median retirement age is 62 among married women in the HRS who
areworking at age 50. For more evidence on joint retirement decisions, see Coile (1999).

For the smulations below, we assume that workers claim SS benefits at retirement, or when
they become digible (age 62) if they retire before then. In fact, thisis not necessarily true; retirement
and cdlaming are two digtinct events, and for certain vaues of mortality prospects and discount retesit is
optimd to ddlay claming until some time after retirement, due to the actuaria adjustment of benefits.
Coile, Diamond, Gruber, and Jousten (2000) investigete this issue in some detail, and they find that a
relatively small share of those retiring before age 62 delay claiming until age 62 (about 10%), and that
virtualy none of thoseretiring at age 62 or later dday claming. Given these findings, we choose not to
jointly model delayed claiming here. Our incentive measures will therefore dightly overstate any
subsidies to continued work, since part of this subsidy will come from delayed claming that could be
obtained without delaying retiremen.

We dso incorporate private penson incentivesinto our anadysis. The HRS collected detailed
penson determination information from employers for roughly haf of the people with pensonsin the
HRS. They then used thisinformation to create a pension benefits caculator that is comparable to the
PIA smulaion modd we developed for Socia Security. We use these calculated pension benefits at

each retirement age to create an analogous set of retirement incentive variables which include pensons.
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These pension data, unfortunately, have two key weaknesses. Firgt, they are available for only

60% of our observations with pensions, and the response patterns agppear to be non-random. Among
those who report having a pension, men with missing pension datawork at smdler firms and have lower
retirement rates, less education, lower earnings, and shorter job tenure. 1n the absence of information
about these missing obsarvations, for the andys's incorporating pensions we will only use those
observations with non-missing pension data™ Second, pension data was matched a wave 1 for the
current job (or last job for those not working) and for past jobs lagting at least 5 years, therefore, the
data may misstate incentives if individuas change jobs after wave 1 or if the provisons of the pension
plan changed.

Table 3 shows the medians of the retirement incentive variables for our sample by age. The
median PDV rises from $154,000 at age 55 to a peak of $177,000 at age 65, then fallsto $167,000 at
age 69.° The age pattern of accruals demonstrates how the various effects of working an additional
year enter in at different ages. From ages 55 to 61, accruas are positive but smdl, reflecting the vaue
of the dropout year provison. From ages 62 to 64, accruas are two to three times larger; thisis the
delayed claiming effect, whereby an additiona year of work increases the actuaria adjustment and

raises future benefits®’ After age 65, accruals become negative and rise rapidly, as the delayed

“We are grateful to Steve Venti for the use of his self-reported pension weslth calculations, which
we use to determine which observations have missng pension data.

*The SSW median displayed in Table 3 is the median SSW at age 55 increased or decreased each
year by the median accrud. The median SSW at each age in the sample rises much more rgpidly with
age due to a sample selection effect (those working at later ages have higher SSW).

Y Thislarge subsidy to work a age 62 is at odds with the common wisdom that the actuarial
reduction & age 62 is gpproximately fair. This point is developed much further in Coile and Gruber
(2000).
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retirement credit is insufficient to compensate for the value of lost benfits.

Mot importantly for our analys's, there is enormous heterogeneity in accruds, asis dso shown
in Table 3. The standard deviation in accruds is substantid, averaging roughly $3,000 per year. At 62,
for example, while there is a sizegble positive median accrud, the 10th percentile person has an accrua
of only $813, and the 90th percentile person has an accrua of $6,074; the standard deviation at that
ageis$2,369. Itisthis szeable varidion that identifies our models.
Incentive Variable Calculation - Forward Looking Measures

As noted earlier, the more recent work on pension incentives and retirement has focused not on
accruas, but rather on more forward-looking incentive models which incorporate the entire future path
of retirement incentives. This literature highlights an important weekness of the accrud measure. For
any given year from age 55-61, as we show in Table 3, atypica worker seesasmall postive accrua
from additiona work through the recomputation of the AIME. But, by working, that worker isaso

buying an option on the more than fair actuaria adjustment that exists from age 62-64. Incorporating

this option, dramatically changes the nature of Socid Security incentives, particularly at ages before age
62. Thispoint isemphasized in Coile and Gruber (2000), where we document the important
differencesin sngle year versus multi-year accruds. Mogt importantly, for a sizeable minority of
workers, accrua patterns are non-monotonic, so that forward looking measures can deliver very
different incentives than one year forward accruas.

As noted above, Stock and Wise (1990a) suggested an approach to account for these option
vaues, by contragting the utility of retiring today versus at the optima point in the future. Their option

vaue modd is based on the individud’sindirect utility function over work and leisure;



18
(1)

where R isthe retirement date, d is the discount rate, p isthe probability of being dive a some future
date conditiona on being dive today, y isincome while working, B is retirement benefits, gammaisa
parameter of risk averson, k is a parameter to account for disutility of labor (k>=1), and T is maximum
life length.

In thismodd, additiona work has three effects. Firg, it raisestotal wage earnings, increesing
utility. Second, it reduces the number of years over which benefits are received, lowering utility. Third,
it may raise or lower the benefit amount, depending on the shape of the benefit function, B(R). The
latter two effects are weighted more heavily because of the disutility of labor, which actsasa
devauation of wage income relative to retirement income. The optima dete of retirement is therefore
the date where the utility gained from the increase in earnings resulting from additiona work is
outweighed by the utility lost from the decrease in retirement income. The “option vaue’ isthe
difference between the indirect utility from retirement at the optima date, R, and the indirect utility from
retirement today.

This approach to modeling retirement incentives has the important advantage, particularly when
consdering private pensons, of alowing the individud to be forward looking, and consider incentives
beyond the coming year. While theoreticaly attractive, however, implementation of the option value
mode runsinto an important difficulty in a retirement regression context: the vast mgjority of the
variation in the option vaue derives from the variation in wages. Indeed, in our HRS sample, a set of
age dummies plus aquartic in earnings aone explains 74% of the variation in option vaue. This

potentialy poses problems for the option value measure if the god of the empirical exerciseisto
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measure the impact of SS policy changes on retirement behavior. If, for example, wages are correlated

in some way with underlying tastes for retirement (e.g. high wage individudss are those motivated
individuals with tastes for continued work, even conditiona on wage), then variation in wages does not
provide a legitimate source of identification for learning about retirement income effects.

In principle, this problem can be surmounted by structura estimation of the option value modd,
which will identify the difference in the impacts of wages and retirement income on retirement decisons,
through the vaue of leisure parameter. But, in practice, thisis only trueif the particular utility structureis
correct, for exampleif the additiond leisure of utility enters the mode only as amultiplier on post-
retirement income and not in some other way.

We take two gpproaches to addressing this potentia shortcoming with the option value mode!.
Oneisto include controls for earnings directly in the model, in order to capture the heterogeneity which
may bias these estimates. Thisisonly an indirect approach, however, since wages enter highly non-
linearly in the option vaue modd, and the form of heterogeneity is unknown, so that even rich wage
controls may not fully capture the underlying correspondence between option value and tastes for work.

The second is to congtruct a measure which incorporates the insights of the option value
measure, but focuses solely on variation in Socia Security incentives. We do so by creeating aforward
looking measure of incentives which we call “peak value’. Thisis comparable to the accrud, but looks
forward more than just one year: it caculates the difference between SSW at its maxi mum expected
value and SSW at today’ s value, to measure the incentive to continued work. 1n thisway, the peak
vaue gppropriately consders the tradeoff between retiring today and working to a period with much

higher SSW, thereby capturing the option vaue of continued work even before Socid Security
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entitlement ages are reached. If the individud is at an age that is beyond the SSW optimum, then the

peek vaue is the difference between retirement this year and next year, which is exactly the accrud rate.
Since wage is not included specificaly into the pesk vaue caculation, there is much more variation from
the structure of the Socia Security entitlement; an earnings quartic and age dummies explain only 33%
of the variation in peak vaue.

Table 4 shows the age pattern and heterogeneity for peak and option value. For option vaue,
we follow Stock and Wise in assuming values of 1.5 and 0.75 for k and g, respectively. But we found
that the fit of our model was much better with a more reasonable assumption for d of 0.03, relative to
the very large estimate of 0.25 obtained from their modd.

The important differences between peak vaue and accrud, particularly a younger ages, are
immediately apparent; pesk values are quite large from age 55-61, arange where accruals are small.*®
The peak va ue declines sharply with age, as people move closer to or reach their optima retirement
date; the declines occur a afairly congtant rate up until about age 63, then become very large. The
peek vaueis positive for the median person until they reach age 65, and then becomes negative. As
with the accrud, there is an enormous amount of heterogeneity in dl of these measures which can be

used to identify our models. Part of this variance arises from heterogeneity in the peak year. For 38%

of our sample, age 65 isthe peak; for 11%, it isage 70, and there are substantial masses at ages 66,

¥Note that we take the median of each variable, so that al the numbersin any given row do not
necessaxrily represent the incentives facing asingle person. This explains a seeming inconsstency
between Tables 3 and 4, which is that the accruals from age 55 through age 64 add up to more than the
peak vaue at age 55, despite the fact that age 65 is often the peak for SSW. Aswe show in Coileand
Gruber (2000), thisisafalacy of compostion, and for any given individua the pesk vaueisjud the
sum of accruds to the peak SSW age.
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67, 68, and 69. Partly, this reflects the evolving generosity of the delayed retirement credit over time;

the peak occurs after age 65 for 28% of the workers in the oldest cohorts in our sample vs. 73% of the
workers in the youngest cohorts.

Although option vaue is measured in utility units and cannot be directly compared to peak
vaue, option vaue follows the same declining pattern as peek vaue. The median option vauefdls
monotonically with age, but remains positive even beyond age 65, as additiond earnings offsat lossesin
SSW. Thereisdso subgtantial heterogeneity in the option vaue measure.

Regression Framework

In astandard retirement model, Socid Security will play two roles in the decision whether to
retire this year or to continue working. The firg is through wedlth effects. higher socid security wedlth
(SSW) will induce individuas to consume more of al goods, including leisure, and to retire earlier. The
second isthrough accrud effects: the individud’ s decision to continue to work is afunction of the
increase in retirement consumption resulting from an additiond year of work, rdative to the value of an
additiona year of leisure.

Following this discussion, we use the incentive variables described above to run regressions of
the form:

(2 Ri=bo+b;SSWi; + b NCENT, + bsXi; + b/AGE; + bsEARN; + bBAIME, + bMAR;, +
bsAGEDIFF; + beSPEARN;( + bioSPAIME, + by Y, + €

where SSW isthe expected PDV of SS benefitsthat is available to the person if he retires that year (t);

INCENT is one of the incentive measures noted above (accrud, option vaue, peek value); X isavector

of contral variables that may importantly influence the retirement decision but do not enter directly into
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the calculation of SSW (education, race, veteran status, born in the U.S,, region of residence,

experience in the labor market and its souare™, tenure at the firm and its square, 13 major industry
dummies, 17 mgor occupation dummies); AGE isa sat of dummies for each age 55-69; EARN isa
control for potentid earningsin the next year; AIME is a control for average monthly lifetime earnings as
of period t;* MAR is adummy for marital status; AGEDIFF controls for the age difference with the
spouse; SPEARN and SPAIME are the spouse’ s next year and average lifetime earnings; and Y isa
series of year dummies. Since our dependent variable is dichotomous, we estimate the modd asa
probit. We have aso estimated these models as Cox proportiona hazard models and the results were
very smilar; thisis not surprisng, given that the modds dl include afull set of age dummies, which pick
up the same factors captured by the basdline in the hazard model.

Thismode paralesthe types of models used in the first round of research on Socid Security
and retirement, with one important exception: the earnings controls. Mog articles in this literature did
not control for earnings, and no articles controlled for both earnings around retirement and average
lifetime earnings. Y et both of these variables are clearly important determinants of both SSincentives
and retirement decisions, so excluding them from the model imparts a potentia omitted variables bias.
Moreover, thereis no reason to suspect that heterogeneity is a purely linear function of earnings. Thus,
for each of the earnings controls above, we include squared, cubed, and quartic terms as well.

Moreover, it is possible that heterogeneity in retirement is dso related to the relationship between

Experience is defined as age minus years of education minus six, since the HRS sdlf-reported
earnings histories may have gaps and adminigtrative data do not include employment in non-covered
sectors.

“Note that AIME istime varying because additiona years of work change average lifetime earnings
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current and average lifetime earnings; we therefore include as well afull set of interactions between the
EARN and AIME quarticsto reflect this.

Findly, it isimportant to highlight that our work is focused on the impact of SS on the labor
force participation decison. A separate and interesting issue is the impact of SS on the margina |abor
supply decision among those participating in the labor force. Thisis more complicated for those around
retirement age, Snce it involves incorporating the role of the earnings test, which we avoid with our
andyssof participation. This, in turn, would involve modding expectations about the earnings te<t,
snce individuas gppear not to understand that thisisjust a benefits delay instead of a benefits cut. This

is clearly afruitful avenue for further research.

through the dropout years provison.
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Part I11: Results

Social Security Incentives and Retirement

Table 5 shows the results of estimating equation (2), for each of our three incentive measures.
Peak value, accrua, and Socid Security Wedth are expressed in $100,000; option vaue is expressed
in units of 10,000. The magnitudes of these coefficients areillustrated by the term in square brackets,
which gives the implied percentage point impact of a $1,000 increase in the accrua/pesk value and a
$10,000 increasein SSW. Thereisno naturd means of expressing a comparable magnitude for the
option vaue; the reative impacts of this metric will be shown in the smulation exercise below.

For the accruad modd, we estimate a positive and margindly significant impact of Socid
Security wedth levels, as expected. The coefficient implies that each $10,000 increase in SSW
increases the probability of retirement by 0.2%, or about 3.5% of the sample average retirement rate;
evauated at the mean, this corresponds to an eladticity of non-participation with respect to benefits of
0.60. Buit the coefficient on the accrud iswrong-sgned (postive), and highly inggnificant. This
suggedts that there is little impact of one-year forward incentives on retirement decisons. This could
reflect the fact thet individuds are not a al forward looking in their decisons. Alternatively, given non-
linearities in future accruds, it could represent the fact that individuals are not consdering soldly the
accrud to the next year but the entire future path of incentives.

This possihility is addressed in the next two columns, which show the estimates from the pesk
vaue and option vaue modds. For both models, we estimate a more modest impact of SSW, and
neither issgnificant. But, in both cases, we now estimate sgnificant negetive impacts of the forward

looking incentive measures for retirement decisons. We find that each $1,000 in pesk vaue lowers the
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odds of retirement by 0.5 percentage points, or about 1% of the sample average retirement rate; this

corresponds to an eladticity of non-participation with respect to benefits of 0.15. For option vaue, itis
not possible to caculate the impact of asmple $1,000 increment, Since thisis a utility based metric.
Wewill return to comparisons of these two models in the smulation section below.

These findings suggest that the forward-looking models of the type advocated by Stock and
Wise are very important for explaining retirement behavior. Individuas do gppear to recognize the
future path of SSW accumulation, and take thisinto account in making their retirement decisons.

The other variables in the regresson, shown in Appendix Table 1, have their expected impacts.
Thereisarisng pattern of retirement propensities with age, with particularly large effects at ages 62,
63, 65, and 69. Being married and having alarger age difference with one' s wife decrease the
probability of retirement, though only the former is significant. More experience lowers the odds of
retirement, conditional on age, but this relationship is decreasing in absolute value. There is no digtinct
relationship with tenure, dthough there isavery sgnificant postive impact of being in the 6% of the
sample with missing tenure data; thisis consistent with lower labor force attachment among those in jobs
of short duration. The industry and occupation dummies, not shown, do not show a particularly strong
pattern, with the exception of higher retirement rates in the armed forces and the cleaning and building
services occupation. There is no significant time pattern to retirement behavior, which is consstent with
Quinn (1999), who shows that the strong time series trend towards earlier retirement was arrested
beginning in the mid-1980s. Thereisno strong regiond pattern, other than a Sgnificantly higher
retirement rate in the western pacific region and alower rate in New England.

Incorporating Pensions
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A key focus of much of the recent retirement literature has been on pension incentives aswell as
SSincentives. Pensons are important for this type of retirement modeling for two reasons. Firg, the
underlying structure of pensionsis such that they introduce important dynamic retirement incentives
through features such as vesting, retirement “windows’, and strong early and normal retirement
bonuses. Second, they provide a substantia increase in the underlying variation of retirement income,
through both the fact that only a share of individuds have pensons, and the fact the pension incentives
differ by firm among those who have them.

Fortunatdly, the HRS provides rich pension detail for alarge share of the sample, dlowing usto
incorporate pensons into our estimation. As noted above, however, these pension data have important
limitations, through non-random non-response and their point-in-time nature. We estimate our
retirement modes only for the subsample that has pension incentive information computed by the HRS.
For comparison, we show the estimates from our SS-only models for this subsample aswell.

The results of incorporating pensions for peak and option value are shown in Table 6. In the
fira 3 columns of the table, where we change the sample but continue to use SSincentives only, we find
that the estimates of our earlier models are fairly amilar in terms of the dynamic incentive variables (pesk
and option vaue), but very different in terms of SSW, which now has a coefficient roughly twice as
large asin Table 5. When we incorporate pensons, in the second set of columns, there are two notable
effects on the esimates. Firdt, the coefficient on SSW is now highly significant but much smaler thanin
the previous models, indicating that each $10,000 in SSW raises retirement probabilities by about 0.04
percentage points, or about 0.7% of basdine retirement rates. Second, the coefficient on peak vaueis

now only about half as large, indicating that another $1000 in pesk vaue will lower retirement rates by
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0.025 percentage points, or about 0.5% of baseline retirement rates. The coefficient on option valueis

dightly larger than that excluding pensions; it is not surprising that the option vaue coefficient changes
less, since, as we discussed above, most of the variation in option vaue comes from wages, not from
retirement incentives.

Our findings for pesk value suggests that individuas are less responsive to changesin penson
incentives than to change in SSincentives, which is consstent with the findings of Diamond and
Hausman (1984). On the other hand, these coefficients are much more precisely estimated, and they
are cartainly not sgnificantly different than what was shown in Table 5. Asareault, it isdifficult to
conclude with certainty whether the estimates with and without pensions are to be preferred for policy
smulations; we therefore present Smulations below using both sets of estimates®
Other Control Variables

The HRS includes information on a number of other factors that may affect retirement decisions,
and in particular hedlth, hedlth insurance coverage, and wedth holdings. We have excluded these
variables from the analysis thus far snce they are only measured for the 1992-1997 part of our sample.

Excluding these measures, however, may bias our estimates, if they are correlated ith both SS

“LAn interesting issue regarding pensions is possible differences in responses to incentives from
defined benefit (DB) and defined contribution (DC) pensons. Retirement wedth from DC pensons will
usudly continue to rise with age, while DB pensions often have strong incentives to work to a particular
age and disincentives to work beyond thisage. Moreover, increments to retirement wedth in DC plans
often depend on individuals discretionary contributions, while increments to DB wedlth are determined
by the pension plan formula (in our caculations, we assume that future discretionary contributions will be
made at the same leve asin the past). In regressons not shown, we explore thisissue by interacting a
dummy for type of plan with the incentive varigbles. Wefind very amilar PV and OV coefficients for
both types of plans, though men with DB pensons are more responsive to the PDV of retirement
wedth.
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incentives and retirement decisons. In this section we demongtrate the impact of including these

controls, both on our estimates of interest, and on retirement in generd.

All three of the factors noted above have been shown in other contexts to be key determinants of
retirement; see Currie and Madrian (1999), Gruber (1999), and Lumsdaine and Mitchell (1999) for
reviews. We measure hedth status by a dummy variable for self-reported fair or poor hedth. We aso
include in our regression dummies for whether the individua has insurance on the job but not when
retired, insurance on the job and when retired, or no insurance in either context. We expect that there
will be alower odds of retiring for the middle group, who may be “locked” into their jobs by lack of
retiree insurance, at least until Medicare becomes available at age 65. Findly, we include dummies for
being in the second, third, or fourth quartiles of the wedth digtribution, relative to being in the bottom
quartile.

Each of these measures has difficulties of interpretation. Self-reported headth may be
endogenous to retirement decisions, for example as workers judtify retirement by reporting poor hedlth.
Hedth insurance offerings may be endogenous to tastes for retirement as well, as workers who desire to
retire early work for firmsthat offer retiree insurance. And wedth is clearly jointly determined with the
retirement decisons. Our primary purpose for including these measures, however, is not to interpret
them directly, but to ensure thet their omisson is not significantly biasing our retirement incentive
estimates.

The first and second columns of Table 7 show our estimates from the basic peak and option

value modd's estimated just over the subsample of data for which these control variables are available

*’Begides restricting oursdlves to the 1992 and forward observations, this sample aso includes
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In fact, we find that our results are somewhat different over this subsample, with alarger PV coefficient

and smaler SSW coefficientsin both specifications. But none of these coefficients is significantly
different from what we showed as our basic resultsin Table 5.

The third and fourth columns show the effect of including these control varigbles. Most
importantly for the discussion thus far, we find essentidly no effect of these controls on our regressors of
interest. Thus, our results do not gppear to be biased by the exclusion of these control variables over
the full sample period.

Second, the signs on the control variables are exactly what one would predict based on theory
and previous evidence. Workersin fair or poor hedth are significantly more likely to retire than
workersin good or excdlent hedth; in fact, their retirement rate is 2.3 percentage points higher, afigure
which corresponds to 40% of the average sample retirement rate. Relative to workers with no hedth
insurance coverage, workers with both on-the-job and retiree hedth insurance are about equaly likely
to retire; however, workers with on-the-job coverage but without retiree coverage are sgnificantly less
likely to retire, with aretirement rate 1.2 percentage points lower than the comparison group. Findly,
workers with higher net worth are more likely to retire; relaive to workersin the lowest net worth
quartile, workersin the third and top quartile have aretirement rate that is about 2 percentage points

higher.

Part IV: Policy Smulations

some observations that would be considered labor force re-entry if 1980-1991 retirement definition
was gpplied.
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The implications of the wide variety of estimates that we have presented thus far are difficult to

interpret in avacuum; are $1,000 changes in pesk vaue large or smdl? To provide some more context
for the magnitudes of our results, in this section we present the results of two policy smulations designed
to currently scheduled changes to the Socid Security system: raising the Norma Retirement Ageto age

67, and raising the Delayed Retirement Credit to 8%.

The detailed results of our Smulations are shown in Tables 8 and 9; table 8 focuses on the
models with Socid Security incentives aone, and Table 9 incorporates pension incentivesaswell. We
show smulations based on each of our two forward looking incentive measures.  For each smuletion,
we show at each age the basdline hazard and the post-policy change hazard, and the basdine
percentage working and the post-policy percentage working. As noted above, there are arguments for
preferring the estimates either with or without incorporating pension incentives, we therefore discuss
both sets of estimates together.

Raising the NRA

Wefirgt consder raising the normal retirement age to 67 for this sample, as opposed to having it
rise gradudly over the next 25 years. In doing this smulation, we account only for the financia
implications of this change, and not for any “norms’ effect which might move the spike at age 65 to the
right as the Norma Retirement Age changes. At dl ages, this change will have a negative wedth effect
on retirement, since this amounts to a benefit cut for any retirement age, which will encourage work.
The accrua effects are more complicated: For ages 62-63, this change will decrease work incentives,
asthe actuarid adjustment isfaling; for age 64, there will be no change in incentives, and for ages 65

66, there will be an increase in work incentives, asthelessfair DRC is replaced by the 6.67% per year
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actuariad adjustment.

Figures 2 and 3 show the results of this smulation, using peak vaue. Figure 2 shows the
basdine and pogt-policy hazard rates, both with and without pensons included in the incentive
measure® Without pensions included, there is amodest reduction in the retirement hazard rate at dl
ages that peeks at age 65 with a 2.4 percentage point (or roughly 11%) decline in the hazard. But, with
pensons included, there is essentialy no effect; at age 65 the decline in the hazard islessthan 1
percentage point. Thisisaso reflected in the [abor force participation rate graph in the Figure 3. The
labor force participation rate is higher after the NRA israised in the modd without pensions, with a
differential of about 2 percentage points (or roughly 5%) by age 65. But, when pensions are included,
the effect of raisng the NRA on labor force participation rates is only about 1 percentage point. Our
results using option vaue are quite smilar for the model with pensions, and are somewhat more modest
for the modd without pensons.

Our primary conclusion is therefore that, due to offsetting wedlth and accrud effects, there are
at best modest effects of this change on labor supply, and potentidly quite a smdl effect. Once again,
we may be undergtating the impact of this particular change due to “norm” effects of moving the NRA.
But the financia incentives of this change aone would seem to produce little net impact on labor supply
for older men.

Raising the Delayed Retirement Credit

*The basdlines with and without pensions are very dightly different; in order to avoid putting four
lines in the graph, we have smply averaged the two basdlines to yield the basdine hazard shown. We
do the same with the other figures here.
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We next consider raising the delayed retirement credit to 8% for our entire sample, as opposed

to the dow phase in that will take place over the next decade. This should encourage additiona work
after age 65 through an accrua effect, but will reduce work among those aready working past age 65
through an income effect. The average DRC in our sampleis roughly 5%, so these smulations provide
agood gpproximation to the impact of raisng the DRC immediately from its value today to 8%.

Figures 4 and 5 show the impact of this change, once again for the pesk vaue mode with and
without pensions, for hazard rates and labor force participation rates. Interestingly, before age 65, we
edimate even stronger impacts of this policy change than of changing the NRA on retirement decisions,
since there are now only accrua effects without offsetting income effects. In particular, by age 65, we
egtimate from the mode without pensions an increase in labor force participation of four percentage
points, or dmost 10%. The impact isthen substantialy weskened after age 65, as the offsetting wedlth
effects are introduced, and the hazard rates in particular are essentialy unchanged by this reform after
age 65. Once again, with pensons, these effects are muted, but remain stronger than changing the
NRA.

The key conclusion from this second smulation is that changing the DRC can have important
effects that may even be (absent norm effects) as large as those of changing the NRA. Thisis because,
unlike the NRA change, which has offsetting accrud and wedth effects, the DRC change only has

positive incentives for work until age 65 at least.

Part V: Concluson

The Socia Security program is the most important source of retirement income support for
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older Americans. Assuch, it is possible that the incentives embodied in this system for continued work

or retirement at various ages are acritical determinant of retirement decisons. Understanding the
influence that Socid Security has on retirement decisonsis particularly important now, as any of the
proposed reforms to the Socia Security system will change the structure of the program in a manner
which has important impacts on retirement incentives.

Our paper has used the richest available current data, the Hedlth and Retirement Study, to
provide new evidence on theimpact of Socid Security on retirement. We find that retirement decisons
appear to be made with reference to the entire stream of future SS wealth accrudss, rather than just the
level or wedlth or the accrua over the next year, so that forward-looking measures such as our peak
vaue measure are important variables to include in retirement models. These forward |ooking measures
have a sgnificant impact on retirement decisons; these impacts are largest for incentive measures that
are identified solely from retirement income effects, and not from wage effects, and from Socia Security
incentives only, and not pension incentivesaswell.  Findly, the types of policy proposds currently
contemplated will likely have modest impacts on retirement decisions, due in most cases to offsetting
wedlth and accrua effects, though actud effects could be much larger if there are important “norm”
effects associated with program parameters such asthe NRA and DRC. Mogt interestingly, our
findings suggest that policies that minimize the wedlth offset to dynamic incentive change, such asraisng

the benefits for working at older ages, can have large impacts on the work decisons of older persons.
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Appendix

In this gppendix, we provide the formula for the computation of SS wedlth.

Notation:

t = year of observation

R = year of retirement

T = last year ether spouse could be dive (max ageis 120)

pri,sic = probability husband is dive &t time s conditional on being dive at timet
prw,sit = probability wifeisdive a time s conditiona on being dive a timet
d = red discount rate (.03 in base case)

ageb2, s = indicator variable equa to 1 if husband isage 62 or over a time s
ageb2,, s = indicator variable equal to 1 if wifeisage 62 or over at times
age60y s = indicator variable equal to 1 if husband is age 60 or over a times
age60, s = indicator variable equd to 1 if wifeisage 60 or over a time's
rwhy, s = retired worker benefit of husband if husband retires at time s
rwhy, 6> = retired worker benefit of wifeif wife retires at age 62

dsby 5, = dependent spouse benefit of husband if wife retires at age 62
dsb,, s = dependent spouse benefit of wife if husband retires at time s

svby, s = survivor benefit of husband if wifediesa time s

svby, s = survivor benfit of wife if husband diesat time s

S k = ample counting variables
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Notes:
1. An important assumption built into the calculation is that the spouse retires a age 62.

2. The benefit variables (rwhb, dsb, and svb) are adjusted appropriately for actuaria adjustment or
delayed retirement credit. The adjustment depends on R, the birth year of each spouse (snce SSrules
differ by birth cohort), and age difference between the spouses. 1t is assumed that individuas do not
clam survivor's benefits before age 62 (in fact, they are eigible at age 60, or earlier if there are
dependent children).

3. Claming is assumed to occur & firs digibility (the age of retirement or age 62, whichever islater).
Thus, the earnings test is not built into the calculaions.

4. The formula@ove isasmplification of the actud cdculationsin the following way. Theformula
above suggests that while both spouses are dive, each recaeives the greater of higher retired worker
benefits and dependent spouse benefits. In fact, awife first receives her retired worker benefits, then an
additiona monthly benefit of .5 PIAL-PlAy if the husband’ s PIA is more than twice aslarge asthe
wife s PIA (and the husband gets an additional benefit if the wifé sSPIA isat least twice aslarge as his
PIA). Thesetwo caculations may be dightly different due to different actuarid adjustments on retired
worker and dependent spouse benefits.

5. The cdculations including pensions are and ogous, except that pension receipt commences as Soon as
the individud retires (not at age 62).
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Figure 3: Raise NRA to 67, % Working
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Figure 4: Raise DRC to 8%, Hazard Rates

0.25

A
/N

©
=y
a1

[ Y

Hazard Rate
=

4

” %

0 T T T T T T T T T
58 59 60 61 62 63 64 65 66 67
Age

55 56 57

—+— Pre-Policy —#— Post-Policy, SS —&— Post-Policy, SS & Pens




0.9

0.8

0.7

0.6

% Working

0.5

0.4

0.3

0.2

Figure 5: Raise DRC to 8%, % Working

e

55

56

57

58

59 60 61 62 63 64 65
Age

—t+— Pre-Policy —#— Post-Policy, SS —— Post-Policy, SS & Pens

66 67 68 69



Table1:
Samplefor Analysis

Category Obs L ost Number of Obs
Per son- Obs Per son- Obs

Y ear Y ear

Obs Obs
Men Age 55-69, 1980-1997 - - 45,959 5,886
Drop if missing earnings history 11,837 1,533 34,122 4,353
Drop if resp/spouse born pre-1922 806 99 33,316 4,254
Drop if missing spouse earn. hist. 1,828 240 31,488 4,014
Drop if ambiguous work history (2) 667 67 30,821 3,947
Drop if not working 12,088 730 18,733 3,217
Drop later obs if re-enter labor force 988 0 17,745 3,217
Notes:

(1) First set of columns shows the number of person-year and person observations
lost due to various sample restrictions. Second set of columns shows remaining
number of person-year and person observations.

(2) Ambiguous work history refersto individual with zero SS earnings from age 54
through 1991, positive self-reported earnings in 1991, and ajob change between
age 54 and 1991. These observations are dropped because it is not possible to tell
whether they retired prior to 1991.



Table 2:
Summary Statistics

Variable Mean Standard
Deviation
Retired 0.057 0.232
Age 58.5 3.0
Married 0.914 0.281
Age Difference 4.3 4.9
Black 0.101 0.301
Other Nonwhite 0.081 0.273
Educ: <12 yrs 0.241 0.428
Educ: 12 yrs 0.363 0.481
Educ: 13-15yrs 0.136 0.343
Earnings 31,068 16,751
AIME 2,125 813
Spouse's earnings 9,358 12,453
Spouse's AIME 526 563
Experience 40.2 4.5
Job tenure 17.2 12.5
Missing job tenure 0.04 0.227
Veteran 0.630 0.483
Bornin US 0.917 0.276
Number of Obs 17,745
Note:

(1) Authors' calculations from waves 1-4 of the
HRS data, as described in the text.



Table 3:
SSIncentives by Age

Age Obs SSW Accrual

Median Median 10th %  90th % Std. Dev.
55 2,809 154,493 2,193 143 4,751 2,103
56 2,747 156,686 2,036 114 4,374 3,410
57 2,444 158,722 1,837 45 3,942 2,916
58 2,143 160,559 1,679 0 3,694 2,172
59 1,823 162,238 1,549 0 3,622 2,667
60 1,546 163,787 1,419 0 3,667 1,803
61 1,255 165,206 1,439 0 3,592 4,289
62 1,021 166,645 3,755 813 6,074 2,369
63 716 170,400 3,832 268 6,474 3,125
64 483 174,232 2,726 0 5,418 2,288
65 344 176,958 -941 -4,094 1,687 3,991
66 191 176,017 -2,013 -5,256 455 2,593
67 110 174,004 -2,769 -5,886 0 7,404
68 71 171,235 -3,571 -6,340 0 2,464
69 42 167,664 -3,830 -6,666 0 2,461

Notes:

(1) Social Security Wealth (SSW) is the stream of future Social Security
benefits to which the respondent and his spouse are entitled, based on his
working to the beginning of age X and assuming a 3% real discount rate
and age- and sex-specific survival probabilities. Seetext for more detail.
(2) Accrual at age X isthe change in SSW that resultsif the respondent
postpones retirement to age X+1.

(3) Median SSW is age 55 median SSW increased or decreased each year
by the median accrual. The actual median SSW in the sample rises more
rapidly with age due to a sample selection effect.



Table 4:

Forwar d-L ooking SS I ncentives by Age

Age Peak Value Option Value
Median 10th% 90th% StdDev Median 10th% 90th % Std Dev
55 21,260 4,097 39,259 15232 24,703 4444 39,393 12,332
56 19,225 3,766 37,302 14918 22,902 4304 37,284 11,643
57 16,736 3549 34,670 13322 20,840 3312 34,426 10,838
58 15,079 3,233 32,160 12,817 18,933 2,842 32,115 10,181
59 13,714 2,733 28900 12285 17,351 2432 29,648 9,491
60 12,381 2,041 26511 11521 @ 15,600 1660 27,119 8,781
61 11,193 1,571 23,204 11,088 13,832 1,554 24,485 7,976
62 10,268 1,346 20,253 9,489 11,985 1,151 21,677 7,102
63 6,999 500 14,702 8,852 10,446 902 19,027 6,347
64 3,080 0 9065 7,037 8,568 386 16,143 5457
65 -893 -4,051 5218 8,045 6,423 0 13223 4,634
66 -1,939  -5,256 774 6,844 4,404 0O 10,397 3,818
67 -2,769  -5,886 0 8533 2,814 0 8106 3,240
68 -3571  -6,340 0 2,743 1,893 0O 5308 2040
69 -3,830 -6,666 0 2461 1,128 0 2657 995
Notes:

(1) Peak Value (PV) isthe change in SSW that results from working to the age at

which SSW is maximized; if the peak age has passed, PV is ssimply the accrual.

(2) Option Value (OV) isthe change in utility that results from working to the
optimal retirement age (determined by maximizing lifetime utility over consumption
and leisure). OV ismeasured in utility units. See equation (1) in the text for the

exact parameterization of utility function.



Retirement Probitswith SS|Incentives

Tableb5:

Variable Specification
(1) (2) 3
Accrud 0.438
Std. Error (0.515)
$1K Increase [0.00037]
Peak Value -0.630
Std. Error (0.251)
$1K Increase [-0.00052]
Option Vaue -0.171
Std. Error (0.044)
SSW 0.249 0.197 0.140
Std. Error (0.136) (0.137) (0.137)
$10K Increase [0.00207] [0.00163] [0.00116]
Number of Obs 17,745 17,745 17,745

Notes:

(1) ACC, PV, and SSW are in $100,000, OV is/10,000.
(2) Results from estimating equation (2) in text by probit.
Regression also includes full set of covariates shown in

Appendix Table 1 and in footnotes to that table.

(3) Standard errors in parentheses; implied marginal
probability effects in square brackets.



Table6:
Retirement Probitswith SS and Pension I ncentives

Variable SS Incentives SS and Pension I ncentives
(1) 2) 3 (1) (2) 3
Accrual 0.762 -0.520
Std. Error (0.697) (0.189)
$1K Increase  [0.00065] [-0.00044]
Peak Value -0.552 -0.298
Std. Error (0.283) (0.070)
$1K Increase [-0.00047] [-0.00025]
Option Vaue -0.150 -0.270
Std. Error (0.048) (0.044)
SSW 0.409 0.368 0.319 0.046 0.057 0.025
Std. Error (0.151) (0.150) (0.150) (0.011) (0.013) (0.010)
$10K Increase  [0.00350] [0.00313] [0.00272] [0.00039] [0.00047] [0.00020]
Number of Obs 13,222 13,222 13,222 13,222 13,222 13,222
Notes:

(1) ACC, PV, and SSW are in $100,000, OV is/10,000.

(2) Sample excludes observations who report having a pension but are missing employer-
provided pension data. Regressions include the same covariates as those in Table 5.

(3) Standard errors are in parentheses; implied marginal probabilities are in square brackets.



Table7:

Probitswith Additional Control Variables

Variable Original M odel + Additional Controls
2 3 @) ©)
Peak Value -0.900 -0.950
Std. Error (0.347) (0.347)
$1K Increase  [-0.00073] [-0.00075]
Option Vaue -0.161 -0.173
Std. Error (0.059) (0.059)
SSW 0.059 0.020 0.054 0.010
Std. Error (0.159) (0.160) (0.160) (0.160)
$10K Increase  [0.00048] [0.00016] [0.00042] [0.00008]
Fair/poor health 0.246 0.245
(0.065) (0.065)
HI: job & ret 0.004 0.011
(0.059) (0.058)
HI: job, no ret -0.162 -0.159
(0.065) (0.065)
Net worth: 0.084 0.087
2nd quartile (0.071) (0.071)
Net worth: 0.231 0.234
3rd quartile (0.073) (0.073)
Net worth: 0.257 0.258
highest quartile (0.079) (0.079)
Number of Obs 10,012 10,012 10,012 10,012

Notes:

(1) PV and SSW are in $100,000, OV is/10,000.

(2) Sample includes only observations for 1992-1997.
(3) Incentives are SS incentives. Regressions include all covariates
included in the regressionsin Table 5.



Table 8:
Policy Simulations, SS I ncentives

Age Peak Value Option Value
Baseline Post-Policy Baseline Post-Policy Baseline Post-Policy Baseline Post-Policy
Ret Rate Ret Rate % Working % Working Ret Rate Ret Rate % Working % Working
Raise NRA
55 0.0323 0.0318 1.0000 1.0000 0.0322 0.0310 1.0000 1.0000
56 0.0300 0.0294 0.9677 0.9682 0.0301 0.0288 0.9678 0.9690
57 0.0279 0.0272 0.9386 0.9398 0.0279 0.0266 0.9387 0.9412
58 0.0365 0.0354 0.9124 0.9142 0.0366 0.0347 0.9124 0.9161
59 0.0375 0.0362 0.8791 0.8818 0.0375 0.0355 0.8791 0.8843
60 0.0500 0.0482 0.8461 0.8498 0.0500 0.0473 0.8461 0.8529
61 0.0606 0.0582 0.8038 0.8089 0.0607 0.0573 0.8039 0.8126
62 0.1682 0.1628 0.7551 0.7618 0.1685 0.1609 0.7551 0.7660
63 0.1535 0.1428 0.6281 0.6377 0.1536 0.1442 0.6279 0.6427
64 0.1294 0.1133 0.5317 0.5467 0.1293 0.1184 0.5314 0.5501
65 0.2230 0.1971 0.4628 0.4847 0.2230 0.2072 0.4627 0.4849
66 0.1149 0.1017 0.3596 0.3892 0.1143 0.1064 0.3596 0.3844
67 0.0877 0.0816 0.3183 0.3496 0.0873 0.0828 0.3184 0.3435
68 0.1172 0.1095 0.2904 0.3211 0.1175 0.1122 0.2906 0.3151
69 0.2124 0.2021 0.2564 0.2859 0.2114 0.2045 0.2565 0.2797
Raise DRC
55 0.0323 0.0302 1.0000 1.0000 0.0322 0.0313 1.0000 1.0000
56 0.0300 0.0279 0.9677 0.9698 0.0301 0.0292 0.9678 0.9687
57 0.0279 0.0257 0.9386 0.9427 0.0279 0.0270 0.9387 0.9404
58 0.0365 0.0333 0.9124 0.9185 0.0366 0.0352 0.9124 0.9150
59 0.0375 0.0338 0.8791 0.8879 0.0375 0.0359 0.8791 0.8828
60 0.0500 0.0449 0.8461 0.8579 0.0500 0.0478 0.8461 0.8511
61 0.0606 0.0541 0.8038 0.8194 0.0607 0.0579 0.8039 0.8105
62 0.1682 0.1525 0.7551 0.7750 0.1685 0.1620 0.7551 0.7636
63 0.1535 0.1372 0.6281 0.6568 0.1536 0.1467 0.6279 0.6399
64 0.1294 0.1138 0.5317 0.5667 0.1293 0.1227 0.5314 0.5460
65 0.2230 0.1958 0.4628 0.5023 0.2230 0.2128 0.4627 0.4790
66 0.1149 0.1035 0.3596 0.4039 0.1143 0.1110 0.3596 0.3771
67 0.0877 0.0826 0.3183 0.3621 0.0873 0.0871 0.3184 0.3352
68 0.1172 0.1164 0.2904 0.3322 0.1175 0.1209 0.2906 0.3060
69 0.2124 0.2186 0.2564 0.2935 0.2114 0.2207 0.2565 0.2690
Notes:

(1) The basdline retirement rate is calculated by predicting the probability of retirement for each observation using
the regressions from Table 5, then averaging these probabilities by age.
(2) The post-policy retirement rate is calculated by re-estimating the incentives variables under the new SSrules,
using the coefficients from Table 5 to re-calcul ate the predicted probability of retirement with the new incentive
variables, and averaging the new retirement probabilities by age.

(3) The percentage working at age X is calculated by applying the retirement rate at age X-1 to the percentage

working at age X-1.



Table9:
Policy Simulations, SS and Pension I ncentives

Age Peak Value Option Value
Baseline Post-Policy Baseline Post-Policy Baseline Post-Policy Baseline Post-Policy
Ret Rate Ret Rate % Working % Working Ret Rate Ret Rate % Working % Working
Raise NRA
55 0.0323 0.0323 1.0000 1.0000 0.0323 0.0319 1.0000 1.0000
56 0.0300 0.0299 0.9677 0.9677 0.0301 0.0298 0.9677 0.9681
57 0.0279 0.0278 0.9387 0.9388 0.0280 0.0276 0.9386 0.9393
58 0.0366 0.0364 0.9125 0.9127 0.0365 0.0360 0.9123 0.9134
59 0.0371 0.0369 0.8791 0.8794 0.0372 0.0366 0.8790 0.8805
60 0.0497 0.0494 0.8465 0.8470 0.0499 0.0490 0.8462 0.8483
61 0.0609 0.0605 0.8044 0.8052 0.0609 0.0597 0.8040 0.8068
62 0.1683 0.1673 0.7554 0.7565 0.1686 0.1658 0.7551 0.7587
63 0.1536 0.1506 0.6283 0.6299 0.1534 0.1489 0.6278 0.6328
64 0.1299 0.1245 0.5318 0.5351 0.1294 0.1234 0.5315 0.5386
65 0.2225 0.2135 0.4627 0.4685 0.2225 0.2139 0.4627 0.4721
66 0.1150 0.1105 0.3598 0.3685 0.1139 0.1104 0.3598 0.3711
67 0.0860 0.0842 0.3184 0.3278 0.0859 0.0846 0.3188 0.3302
68 0.1174 0.1151 0.2910 0.3002 0.1177 0.1163 0.2914 0.3023
69 0.2118 0.2088 0.2568 0.2656 0.2106 0.2091 0.2571 0.2671
Raise DRC
55 0.0323 0.0314 1.0000 1.0000 0.0323 0.0311 1.0000 1.0000
56 0.0300 0.0291 0.9677 0.9686 0.0301 0.0289 0.9677 0.9689
57 0.0279 0.0270 0.9387 0.9403 0.0280 0.0267 0.9386 0.9409
58 0.0366 0.0353 0.9125 0.9149 0.0365 0.0347 0.9123 0.9159
59 0.0371 0.0357 0.8791 0.8826 0.0372 0.0351 0.8790 0.8841
60 0.0497 0.0477 0.8465 0.8511 0.0499 0.0469 0.8462 0.8531
61 0.0609 0.0584 0.8044 0.8105 0.0609 0.0570 0.8040 0.8131
62 0.1683 0.1621 0.7554 0.7632 0.1686 0.1594 0.7551 0.7668
63 0.1536 0.1471 0.6283 0.6395 0.1534 0.1437 0.6278 0.6445
64 0.1299 0.1235 0.5318 0.5454 0.1294 0.1201 0.5315 0.5519
65 0.2225 0.2112 0.4627 0.4780 0.2225 0.2081 0.4627 0.4856
66 0.1150 0.1099 0.3598 0.3771 0.1139 0.1071 0.3598 0.3845
67 0.0860 0.0833 0.3184 0.3356 0.0859 0.0818 0.3188 0.3434
68 0.1174 0.1161 0.2910 0.3077 0.1177 0.1149 0.2914 0.3153
69 0.2118 0.2122 0.2568 0.2720 0.2106 0.2099 0.2571 0.2791
Notes:

(1) The basdline retirement rate is calculated by predicting the probability of retirement for each observation using
the regressions from Table 6, then averaging these probabilities by age.

(2) The post-policy retirement rate is calculated by re-estimating the incentives variables under the new SSrules,
using the coefficients from Table 6 to re-calculate the predicted probability of retirement with the new incentive
variables, and averaging the new retirement probabilities by age.

(3) The percentage working at age X is calculated by applying the retirement rate at age X-1 to the percentage
working at age X-1.



Age

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

Full Sample

1 80-97

0.9717
0.9447
0.9197
0.8874
0.8557
0.8144
0.7664
0.6414
0.5447
0.4761

0.373
0.3309
0.3046
0.2716
0.2134

0.0283
0.027786
0.026463

0.03512
0.035722
0.048265
0.058939

0.1631
0.150764
0.125941
0.216551
0.112869

0.07948
0.108339
0.214286

92-97

1 92-97

0.9912
0.9785
0.9696
0.9499
0.9278
0.9036
0.8612

0.742
0.6437
0.5661
0.4529
0.4044
0.3707
0.3295
0.2515

0.0088
0.012813
0.009096
0.020318
0.023266
0.026083
0.046923
0.138412

0.13248
0.120553
0.199965
0.107088
0.083333
0.111141
0.236722

80-91

1 80-91

0.9636
0.9322
0.8979
0.8636
0.8326
0.7792
0.7336
0.6204
0.5396
0.4906
0.3925
0.3559
0.3423
0.3178
0.3178

0.0364
0.032586
0.036795

0.0382
0.035896
0.064136
0.058522
0.154308
0.130239
0.090808
0.199959
0.093248
0.038213
0.071575

0



Age

NRA

DRC

PIA

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

Average
baseline
Hazard

Pre-Policy
0.032294
0.030011
0.027923
0.036558
0.037271
0.049871
0.060767
0.168257
0.153552

0.12966
0.222733
0.114934
0.086858
0.117328
0.212069

Pre-Policy
0.032294
0.030011
0.027923
0.036558
0.037271
0.049871
0.060767
0.168257
0.153552

0.12966
0.222733
0.114934
0.086858
0.117328
0.212069

Pre-Policy
0.032351
0.03
0.027936
0.036551
0.037258
0.049854
0.060783
0.168207
0.153553
0.129569
0.222781
0.114618
0.087072
0.117291
0.211701

post policy post policy Average

hazard

hazard

w/out pens w/ pens

baseline
CDF

Post-Policy Post-Policy Pre-Policy

0.031773
0.029401
0.027209
0.035447
0.036223
0.048234
0.058175
0.162835
0.142802
0.113314
0.197062
0.101738
0.081622
0.109542
0.202054

0.032258
0.029927
0.027832
0.036433
0.036856
0.049387
0.060453
0.167276
0.150556
0.124455

0.21354
0.110476

0.08421
0.115146
0.208752

1
0.967706
0.938665
0.912454
0.879097
0.846332
0.804124

0.75526
0.628182
0.531724

0.46278
0.359704
0.318362
0.290709
0.256601

Post-Policy Post-Policy Pre-Policy

0.03021
0.027919
0.025691
0.033312
0.033835
0.044877
0.054079

0.15252
0.137165
0.113752
0.195842
0.103525
0.082638
0.116426
0.218616

0.031434
0.029142
0.027036

0.03533
0.035662
0.047709
0.058397
0.162099
0.147126
0.123478
0.211188
0.109915
0.083305
0.116053
0.212182

1
0.967706
0.938665
0.912454
0.879097
0.846332
0.804124

0.75526
0.628182
0.531724

0.46278
0.359704
0.318362
0.290709
0.256601

Post-Policy Post-Policy Pre-Policy

0.031551
0.028854
0.026496
0.034286
0.034846
0.046284
0.055494
0.156193
0.139975
0.115273
0.200397
0.099608
0.075548
0.101059
0.189606

0.03233
0.029817
0.027672
0.036112
0.036456
0.048806
0.059632
0.165146
0.149886
0.125707
0.215947

0.11011
0.082507
0.112439
0.204728

0.600965
0.581531
0.564098
0.548338
0.528282
0.508672
0.483365
0.453928
0.377566
0.319577
0.278126
0.216208

0.19142
0.174856
0.154336

post policy
CDF

post policy
CDF

w/out pens w/ pens

Post-Policy Post-Policy, SS & Pens

1
0.968227
0.93976
0.91419
0.881784
0.849843
0.808852
0.761797
0.63775
0.546678
0.484732
0.389209
0.349612
0.321076
0.285905

Post-Policy Post-Policy, SS & Pens

1
0.96979
0.942715
0.918496
0.887898
0.857856
0.819358
0.775048
0.656838
0.566743
0.502274
0.403908
0.362093
0.332171
0.293497

1
0.967743
0.938781
0.912653
0.879403
0.846991

0.80516
0.756486
0.629944
0.535102
0.468506
0.368461
0.327755
0.300155
0.265593

1
0.968566
0.94034
0.914917
0.882593
0.851118
0.810512
0.763181
0.63947
0.545387
0.478044
0.377087
0.335639
0.307679
0.271972

Post-Policy Post-Policy, SS & Pens %change

0.229334
0.222098

0.21569
0.209975
0.202776

0.19571
0.186652
0.176294
0.148758
0.127935
0.113188
0.090505

0.08149
0.075334
0.067721

1
0.96767
0.938817
0.912838
0.879874
0.847797
0.80642
0.758332
0.633096
0.538204
0.470548
0.368935
0.328312
0.301224
0.267354

-0.02471

-0.0382
-0.05156
-0.06198
-0.06472
-0.07162
-0.08702
-0.07143
-0.08842
-0.11034
-0.10047
-0.13095
-0.13236
-0.13839
-0.10437

-0.00065

-0.0061
-0.00948
-0.01202
-0.02152
-0.02104
-0.01894

-0.0182
-0.02388
-0.02981
-0.03068
-0.03933
-0.05243
-0.04137
-0.03294

change

0.371631
0.359433
0.348408
0.338363
0.325506
0.312962
0.296713
0.277634
0.228808
0.191641
0.164939
0.125703

0.10993
0.099523
0.086616

-0.39903
-0.38614
-0.37472

-0.3645
-0.35159
-0.33912
-0.32306

-0.3044
-0.25553
-0.21863
-0.19242
-0.15273
-0.13689
-0.12637
-0.11302



