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Abstract

This paper explores some issues surrounding the effect of differentid mortality on the lifetime vaue of
lifetime Socid Security taxes and benefits. A smdl microsmulation sample of lifetime earnings histories
and the associated Socid Security benefits and education-differentiated surviva probabilitiesis used to
illugtrate the points. Conventiona money's-worth studies find that higher mortaity reduces the vaue of
lifetime benefits. In contragt, policy smulations comparing Socid Security lifetime benefits to dternative
arangements do not necessarily find that higher mortdity groups are a a disadvantage from Socid
Security. Itisclear on reflection that "money's worth™ is not a stland-aone concept, that any money's-
worth calculation isimplicitly a comparison with some dternative policy, and thet if dternatives do not
indude annuities that perfectly differentiate by surviva probabilities then neither should the money's-
worth caculations. A closdy related issue isthe correct relaion between utility value of benefits and the
actuaria vaue. Bernheim (1987) argued that if margina saving does not use annuities then the utility of
benefits is best approximated by smple discounting without the use of survival probabilities. Bernheim's
argument extends to the case in which annuities are fredly available but are not perfectly differentiated, in
which case utility is best gpproximated by actuarid vaues that do not use differentiated mortaities. A
congtant relative risk averson (CRRA) utility specification with no borrowing congtraints and no bequest
motive, which is very easy to compute on a micros mulation sample, demondirates these points. The
comparison of utility changes across income classes supports the widespread use of the ratio of net
trandfersto lifetime income in the sudy of Socia Security progressivity. Going beyond the smple
specification, the effects of borrowing congtraints and bequest motives are explored. Borrowing
congraints, while they reduce the average value of lifetime net transfers, do not appear to introduce
much additiond variation from differential mortality. Begquest motives, on the other hand, do have
differentid mortdity effects on utility, dthough a bequest motive strong enough to make the standard
actuaria vauation accurate introduces some unresolved complicationsinto the analyss.



SUmmary

This paper explores some issues surrounding the use of mortdity differentids in the caculation of the
lifetime vaue of Socid Security taxes and benefits. The points areillustrated with a smdl
microamulation sample of mae lifetime earnings histories and the associated socia security benefits and
education-differentiated surviva probabilities.

Conventiond money's worth studies caculate a lifetime present vaue of Socid Security benefits by
multiplying the benefit payable a each age by the probability of surviving to that age. (An additiond
interest rate discount is also applied.) When surviva probatilities differ between two groups the lifetime
vaues are affected. Because maes, for example, have lower surviva probabilitiesin old age than
femdes, the lifetime vaue of benefits for malesislower than that for femaes with the same annud
bendfits.

Policy amulaions comparing Socid Security lifetime benefits to dternatives with mandatory unisex
annuities do not necessarily find that higher mortality groups are a a rdative disadvantage from Socid
Security. Because unisex annuities do not increase payments to males to compensate for their shorter
expected lifetimes, the lifetime vaue of the annuity paymentsto maleswill be lower than that to females
who have the arting principle and hence the same annuity paments. Although males gppear to get a
worse ded from Socid Security than Smilarly Stuated femdes, they get the same worse ded from
unisex annuities

It is clear on reflection that "money's worth" is not a tand-aone concept and that any money's-worth
cdculation isimplicitly a comparison of Socid Security benefits with some dterndive. If the dternative
is an annuity that does not perfectly differentiate by surviva probabilities, then neither should the
money's-worth caculations. The conventiona money's-worth approach is correct when the dternative
isan annuity that perfectly differentiates by mortdlity.

Using a utility analysis, it can be shown thet, in the aosence of a bequest motive, the differencein lifetime
utility attributable to the Socid Security taxes and benefits is amost exactly proportiona to the present
vaue of the taxes and benefits, aslong as that present vaue is congtructed using the discounting thet is
implicit for each worker's saving for retirement. If workers would not use annuities in the abosence of
Socia Security, then the gppropriate present value uses only interest-rate discounting without adjusting
for surviva probabilities. 1f workers would use unisex or other non perfectly-differentiated annuities for
their incremental saving, then the gppropriate present value uses the corresponding non-differentiated
aurviva probabilities. Only if workers would use perfectly differentiated annuities for thair incrementa
saving should the differentid mortality surviva probabilities be used in calculaing the present vaue of
Socid Security bendfits. If, for example, male workersin the implicit dternative would be alowed to
purchase gender- specific annuities, then the money's worth caculaions should include the lower mae
surviva probabilities. These conclusons hold true even though the worker's utility takes into account
the differentid mortdities, aslong asworkers do not vaue any assets left behind when they die.

The cdculaion of the lifetime utility changesis easy to carry out on asmulation file of lifetime earnings,
taxes, and benefits, dlowing graphica depictions of the lifetime vaue by income or by mortaity group.
The utility changes can be depicted ether directly, in which case they are sengtiveto a"risk aversion”
parameter in the specification of the utility function, or they can be depicted as "equivdent variations” in
which the utility chenges are converted into the dollar equivaents, which are much less sengtive to the
risk averson parameter. The direct utility change depiction, dthough it isin unfamiliar units, supports the



widespread use of proportiona variations or the retio of net trandfersto lifetime earningsin the analys's
of Socid Security: for a least one commonly-used vaue of the risk aversion parameter the proportiona
variation replicates the utility change.

The amulation of the vaue of benefitsin the absence of annuities and bequest motivesillusirates
Bernheim's (1987) claim that annuities and Socia Security are best vaued using smple discounting
without mortdity if margind saving does not use annuities. Although Bernhem mentioned that bequest
motives woud invaidate this argument, the quantification of bequest motives for money's worth
caculations has been unduly neglected. However, Jousten (2001) recently pointed out that a strong
enough beguest moative can have the effect of inserting differentid mortaities back into the present value
cdculaion even when annuities are not used for saving.

Using an extenson of Jousten's bequest motive that alows the exploration of different degrees of
dtruism and different average bequests at different lifetime earnings levels, | am ableto illudtrate
Jousten's point. There are complications, however, that hinder a straightforward application of bequest
motive adjustments to money's worth caculaions. The question deserves further study, and we can
only conclude tentatively that in the presence of bequest motives the true discounting lies somewhere
between discounting without any surviva probabilities and discounting with differentiated probabilities.



|. Introduction

This paper explores some of the issues surrounding the vaue of Socid Security benefits in the presence
of differentid mortaity. A smdl smulation file of male lifetime earnings and benefitsis used asan
exploratory tool. The only mortdity differential used in the current analysisis differentials by education.
The conclusions, however, should generdize to more generd settings.

Two different but related problems motivated the research. The first sems from a difference between
conventional money's worth studies and policy microamulations of Socia Security dternatives featuring
mandatory unisex annuities. The money's-worth sudies typicaly find that low-surviva subgroups of the
population receive lower aggregate lifetime transfers from Socid Security, other thingsequd. The
smulations of mandatory annuities, because the unisex annuities do not differentiate mortdities, also
show lower lifetime payments to low-survival subgroups, other thingsequa. The money's worth
cdculation can be thought of as comparing Socid Security benefits with an implicit dternative, and in the
conventiond money's-worth caculation the implicit dternative is one in which annuities are pad that are
perfectly differentiated by mortality. How should the money's-worth caculetion be made if the impliat
dterndive is a unisex annuity or if there are no annuities?

The second problem is the distinction between the expected vaue of the aggregate cash trandfers from
the perspective of the trust funds and the value of Socid Security transfersto the individual s paying
the taxes and recaiving the benefits. The vaue to the trust funds is a smple arithmetic aggregetion,
asde from interest rate discounting, of the actua payments made or expected to be made. The actud
or expected payments for a cohort will depend on the surviva of the cohort. Hence accurate surviva
probabilities are important to trust fund accounting, and if mortdity differentials within the cohort are
correlated with the size of the payments, accurate knowledge of those differentids will give better
projections of aggregate payments.

The vaue of the transfersto the individual will depend on what other resources are available to the
individud. In particular, the value of benefitsis higher when other retirement incomeislower, and the
vaue of the benefits therefore depends on what other provision can be made for retirement through
regular saving or the purchase of annuities. It can be shown under some common utility specifications
(and in the absence of bequest vauation) that savingswill be adjusted, taking into account differentia
mortdity, in such away that the utility vaue to the individud of the transfers will be approximately
proportiond to the sum of the lifetime payments discounted for interest and adjusted for the surviva
probabilities used in annuities. Thisisthe same lifetime net trandfer that is made in many money's worth
gudies, and the utility approach thus provides a judtification for the use of net lifetime transfers. The
survival probabilities that should be used in this calculation, however, are not the individua's own
surviva probabilities but are instead whatever probabilities are implicit in the assets available for saving
for retirement income. If saving is done through perfectly differentiated annuities, then the use of
amilarly differentiated surviva probabilities would be gppropriate. If saving is done through less
differentiated annuities, such asthe unisex annuities that are used in many employer pension plans, then
the surviva probatilities should be smplified accordingly. If saving outside of Socia Security would not
make use of annuities, then the money's worth andysis should use only interest rate discounting, without
the survival probabilities.



The two problems, that of determining the best money's-worth caculaion under different implicit
dternaives and that of indicating the utility to the individua of the transfers, are closdy related. The
utility gpproach is more generd: it not only judtifies the use of net lifetime transfersin money's-worth
Sudies, but it can dso provide some guidance in determining money's worth when the implicit dternative
does not include annuities, perfectly differentiated or otherwise, or when it is assumed that thereisa
vaue to accidental bequests.

The smulation sample used to explore these issues is very Smple, consisting only of maesbornin 1930
without imputations for the unrecorded earnings above the Socia Security taxable maximum, and with
surviva probabilities differentiated only by education. In future work | hope to extend the sample to
both sexes, to couples, and to imputed earnings above the taxable maximum and to extend the mortaity
differentials to sex and race. The conclusions of this paper regarding the trestment of differentia
mortality should apply to those more extended analyses aswell.

There are some important limitationsin the gpplication of the utility approach used here. The only
uncertainty modeled here isthe date of deeth. The earnings history and date of retirement for each
individua is assumed to be known from the art. Hence the only vaue of Socid Security to the
individud, asde from the transfers implicit in the progressivity of the benefit formula, is the annuity vaue
of the congtart benefits in retirement, and that component disappearsif annuity aternatives are available.

No precautionary savings motive is modded, so that bequests are entirdly dueto life-cyde saving
accumulations or intended bequests. It is assumed that workers would save for retirement if Socid
Security isnot adequate. In redlity some subset of workers might be myopic in waysthat are not
modded here. These workers are problematic for any valuation of Socid Security benefits, snce the
vaue to them while young is different from the value to them when they are receiving the bendfits

In the utility gpproach used here, a smple congtant rdative risk averson (CRRA) utility functionis
gpplied to each worker on the smulation file to modd the savings and utility without and with Socid
Security taxes and benefits. If there are no congtraints against borrowing against future Social Security
benefits and if thereis no bequest motive, the utility calculations are sraightforward, and it is rdlatively
easy to demondrate theoretically and to illustrate on the smulation sample some basic rdationships
between the present vaue of the Socia Security payments and the utility change for each individua
caculated as an equivalent variaion. The utility model demongtrates, and the smulation confirms, thet if
savings in the absence in the absence of Socid Security would not be annuitized, then the equivalent
variation for the Socia Security transfersis best measured with interest rate discounting that does not
include surviva probabilities. Thislagt finding is actudly arecapitulaion of an argument made by
Bernheim (1987) for the vaue of Socid Security when savings are not annuitized on the margin. The
modd and smulation further show thet if savings in the absence of Socia Security would beinvested in
annuities usng common surviva probailities, then the equivaent variation for the Socid Security
transfersis best measured with a present vaue that so uses common surviva probabilities. Thiscan
be consdered a smple extenson of Bernheim's argument.

There are two important quaifications to Bernheim's argument: borrowing congraints and the vauation
of bequests. | ded with these two issues in the find sections of the paper. Borrowing constraints are
examined by smply imposing them on the saving problem and cdculating the effect on utility. The



congtraints reduce the average vaue of Socid Security transfers somewhat, but they do not appear to
introduce much effect atributable to mortdity differentials. Bequests are more difficult to mode and
have potentidly larger effects. Using a parameterization of alinear bequest motive, | explore the utility
of Socid Security transfers under different specifications of a non-zero bequest motives. The
smulations demongrate Jousten's (2001) point that under a strong enough bequest motive the actuaria
vaudtion, usng differential probabilities, becomes the most accurate. A beguest motive this strong,
however, introduces several complicationsinto the andlysis. It can be shown, however, that the
differentid mortdity effects are smal when the bequest motive is not very strong or when, even under a
strong bequest motive, the valuation is restricted to the effects on utility from consumption.

Section 11 below describes the smulation sample and presents its estimates of the actuaria present vaue
of the net lifetime trandfers under different discounting rules. Section 111 surveys comparable results
from studies that have examined the effects of differential mortaity on Socid Security and discusses the
typical use of mortdity differentialsin money's-worth studies. Section IV gpplies a utility modd to the
smulation sample and compares the equivaent variations in utility with and without the Socid Security
transfers to the present vaue of the transfers. Section V' consders some of the issuesin comparing
utilities across subgroups or income groups. Section VI smulates the utility changes in the presence of
borrowing congtraints and Section V11 in the presence of a bequest motive. Section V111 concludes.

1. Smulated Net Lifetime Transfers

A smulaion using an actud sample of lifetime earnings histories will be used to illugtrate the pointsin the
rest of the paper. Although the sample gives aredigtic digtribution of lifetime earnings, and the Socid
Security benefits that are caculated from it make use of the current-law U.S. benefit formulas, the
immediate god is not so much a study of the U.S. benefit system as an examination of the techniques
that can be used to study such asystem. Hence, no great attempt has been made to exactly replicate
actud tranders, particularly in this preliminary verson, which only has mae earnings and the resulting
worker benefits. Thetax ratein the smulation is set to balance the benefits in the sample under steedy
growth.

The amulation sampleis described in more detail in the data gppendix. Briefly, it conagts of asample of
298 Census males (275 after certain low earners and workers with no earnings before age 30 are
removed) who reached age 62 in 1992, matched to SSA adminidrative data on earnings from 1951
through 1999. No cdculations can be made in this sample for auxiliary (spouse or widow) benefits.
Hence the current sample should be considered illugtrative of worker benefits rather than representative
of dl bendfits

In the simulations workers can earn from age 21 through age 69 but will be assumed to consume from
age 30 through age 100. Earnings before age 30 are induded in lifetime wedth and build up in afund
that can begin to be consumed at age 30. Worker-financed consumption is pecified to begin at age 30
for two reasons. Firg, it avoids dealing with the issue of how much parental and other support finances
consumption before age 30. Second, for the smulation of borrowing congtraints, consumption before
thefirgt year of earnings would cause problems, and the smulation file guarantees that dl workers will
have earnings by age 30.



The amulation focuses on steady-growth pay-as-you-go Socia Security taxes and benefits under
assumptions of congtant price and earnings growth, congtant redl interest rates, and constant population
growth. The following assumptions were used in the current analysis: prices grow at 3.3 percent per
year, average red wages grow a 1 percent per year, and the red interest rate is 2 percent per year.
The rate of steady-state population and employment growth, used to derive the Steady-state tax rate, is
0.5 percent per year. The growth rate of the aggregate real wages is therefore about 1.5 percent per
year. The sample earnings were adjusted dightly to replicate these steady growth assumptions.
Lifetime benefits were then calculated from the adjusted earnings. The payroll tax rate was set to
finance the aggregate sample benefits on a pay-as-you-go bass. (The resulting payroll tax rate was
11.7 percent. Theincluson of women and of couples benefits would have led to a higher payroll tax
rate.)

Although there are interesting questions surrounding the analysis of progressivity in the startup
generations of a pay-as-you-go Socid Security system, or in the trangtion to a system with more
funding, or in the steedy dtate of a funded system, the current paper focuses entirely on the steady- state
of apay-as-you-go system. The interest rate and economic growth assumptions are such that the
actuarialy discounted net benefits will on average be dightly negative, dthough they will be postive for
low earnings workers.

For the remaining andyss, al dollar amounts were converted into 1999 dollars. The earnings at age X
isdenoted by vy, taxes by taxx , benefitsby beny, and net transfer by tx = beny - taxx. Becausethe
bendfit is normally zero while working and the tax is zero while retired, the net transfer is normaly the
negative of the tax while working and the benefit while retired.

Two sets of surviva probabilities are used. One set, denoted L, gives the male cohort 1930 cohort
surviva probabilities, with the probability at age 21, L1, set to 1.

The other set, denoted M, gives aset of surviva probabilities differentiated by education, described in
the gppendix. Three education groups are distinguished: |ess than high schoal, high school or some
college, and four or more years of college. The three different mortdity rates (in log form) are shown in
Figure 1A. Theselog mortdity rates are converted into probabilities of surviva to age X, Mx. The
survival probabilities Mx scaled so that M21 = 1 are shown in Figure 1B.

Education is the only mortdity differentia currently applied; later extensions may add race and income.
(Sex and possibly marital status will be added when the sample is extended to women.)

Smply-discounted and actuarially-discounted lifetime values

Thered interest rate r used in devel oping the steady-growth scenario is dso used to caculate asmple
discounting series by age, R,, declining from the value a age 21, whichisset to 1:

Re= 1/ 1+,

The value of a stream of paymentsyx, discounted to age 21, is



Yr = Sx=21'" R« Vx -
To amplify the notation, the range of integration will usudly be left out:
YR = Sx Rx Yx.

Simple discounting applied to earnings (Yx), benefits (ben,), taxes (taxy), and net transfers (tx = beny -
taxx) givesthe lifetime values

YR = Sx Rx Yx.
Berr = Sx R« ben..
Taxr = Sx R« tax.
Tr =Berk - Taxr = Sx Rx tx.
The interest-rate discounting series R dso describes asset accumulation at the interest ratesimplicitin R
1+1x = Rea/Rx.
An asst at age x-1, kx1, will grow by age x to
kx = [1+ry] Kx-1 = [Rx-1/R«] Kxa
or
Rx Kx = Re1 kxat.

"Actuaridized" rates of return, which pay higher returns to survivors and nothing to the assats of the
deceased, usng the annuity survival probabilitiesL, are notated smilarly:

Kx = [Ret/Ry] [Lxa/Lx] Kx1
= [Rxalxa] / [Rulx] Kx-1
=RLx1/RLx Kx1.
The notationa shortcut, RLx for R, will be used for other smilar combingtions.

Discounting for common surviva gives lifetime amounts that will be denoted by an RL subscript,
corresponding to the earlier smply-discounted valued denoted with an R subscript:

YrL = Sx RLx Yx.



TRL = SX RLX tx.

In the same way, the lifetime actuarid vaues using differentiated mortaities will be denoted with an RM
subscript:

Yrm = Sx RMx Yx.
TRM = Sx RMX tx.

A 'O superscript will be used to denote variables in the absence of Socia Security transfersand a 'l
superscript to denote variablesin the presence of Socid Security trandfers. The Socid Security system
changes a person's lifetime wedlth from W° = Y without Socia Security to W = Y + T with Socid
Security, that is, by the value of the net transfer. Progressivity studies often focus on the transfer asa
proportion of initid lifetime earnings, T7Y, or (W-W))MWP. If thisratio fallsas Y rises, the transfer is
consdered progressive.

Figure 2A shows, plotted against a measure of lifetime earnings (Yr., an annualized mortaity-adjusted
measure to be described below), the values for the lifetime taxes Taxrw plotted as blue -' Sgns, the
lifetime benefits Benrw plotted as black '+ Sgns, and the net benefits, equa to the benefits points minus
the tax points, plotted in three symbols, 1' for the lowest education group (less than high school), 2' for
the middle group (high school) and '3 for the upper group (four or more years of college)." Thetax
points form three straight lines, differentiated very dightly for the three mortdities. The benefit points
separately more widely with mortdity because the differences between surviva probabilities are
cumulatively larger a older ages. Three lines representing the three mortalities can be discerned. (The
additional scatter around the three linesis due to variation in the average earnings used in the benefit
formula, the AIME, rdative to the average lifetime earnings used on the horizontd axis.) The shape of
the three benefit lines reflects the three-bracketed PIA formula, risng steeply at fird relaive to the tax
line, then more shdlowly.

The net benefits by themselves are repeated, at alarger verticd scde, in Figure 2B. The samethree
education groups are shown, and (color-coded) "smooths' are added. The effects of bendpointsin the
benefit formula show up in the smooths, athough because of a scarcity of college educated males near
the first bendpoint the smooth does not show that corner well. Severa other lines are added to Figure
2B and to the corresponding figures later. A colored arrow at the right side of the graph, labeled with
its corresponding digit, is plotted at the average net benefit for each education group in the sample. A
horizontal black dashed line indicates the overall sample average. A horizontd solid lineis plotted &t O.

The horizontd axis in these and subsequent plotsis asort of annudized lifetime earnings,

!1n the color version of this paper, they are also plotted in three colors, green (less than high school),
ydlow (high school) and red (college). When actuaria vauations separate the points into bands with
college uppermog, the colors will be in traffic-light order: green on the bottom, yellow in the middle, and
red on top.



YrL ={ Sx RLx ¥x } /{ Sx RLx }.

Because the common surviva probabilities are the same for dl, the series RL isthe same for dl, and the
annudized earningsis proportiond to lifetime earnings Ya.. Plotting with Ya. would give exactly the
same picture except for alessinterpretable scale on the horizontal axis. Other candidates for the
horizontal axis would be Yr, Yru, or their annualized versions. Because most earnings occur before
thereisalarge differentiation in surviva probabilities, usng Yrw rather than Ya. would make little
difference. The annuaized verson, yrv, would reduce the high-surviva earnings more than the low
surviva earnings, shifting the college (red) points dightly to the left in the plots. The correct value to use
isunclear. 1t could be argued that of two persons with equd lifetime earnings but different life
expectancies after retirement, the one with the longer lifetime is effectively poorer, since the resources
have to be spread over alonger period, and that the correct picture would therefore be given using the
differential mortdity, yrv. Thereisunlikely to be agreement about this, however, and because the visud
differences are samdl (I have checked) | present only one version.

The position on the horizonta axis determines who is to be considered equd in a progressvity anayss.
The vertica axis indicates how equal persons are treated, and the same question arises. The verticd
axis, too, could be annudized, and if annudized using differentia mortdities would shrink the high-
aurvivd longer-life persons toward zero lifetime benefits and asmaller net trandfer. The differences
(again, | have checked) do not have a noticesble effect on the separation by mortality group in plotslike
Figure 2B.

The lifetime transfer discounted with differentid surviva probabilities, as presented in Figure 2B,
represents the conventiona money's-worth andyss. At any given leve of lifetime earnings, college
educated maes have a higher lifetime trandfer, high school educated males have less, and high school
dropouts have il less. The higher transfers to college-educated males are enough to overcome the
progressivity of the benefit formula, so thet they recelve higher net transfers, on average, than do high
school males. Thisisnot true, in this sample anyway, of high-school maes compared to high-school
dropouts.

In Figure 3C, dternative measures of the lifetime net transfer are plotted. Figure 2B isrepeated on a
gmaller scde as Figure 3C. Figure 3A isthe net transfer under smple discounting, Tr. Figure 3B isthe
net transfer discounted for surviva at the common surviva probabilities, Tre. All three plots have the
same horizontal and vertical scae.

The amply-discounted net transfer in Figure 3A represents the analysi's advocated by Bernheim (1987).

If workers cannot annuitize their savings, if they are not borrowing constrained in the presence of old-
age benefits, and if they do not value bequests, then the closest expenditure equivadent to the utility of
ther future taxes and benefitsis cdculated without the use of survivd probabilities. Thiswill be verified
more precisaly in Section IV, where the utility equivalent variations in the albsence of annuities and
borrowing constraints will be calculated and displayed.”

*The cdculations here use amaximum lifespan of 100. The Smply-discounted lifetime values are
dightly sengtive to the lifespan assumption, and a maximum span of 119 gives adightly different Figure



Comparing 3B with the smply-discounted vauesin 3A, the most dramatic effect of applying common
surviva probabilitiesis the overdl reduction in the lifetime net benefit. Under smple discounting it is
positive even a high incomes, but when surviva probabilities are incorporated, depressing the vaue of
bendfits relative to taxes, dl net transfer values are reduced, and at higher incomes they become
negaive. Just asin 3A, however, thereislittle or no indication of differences by education at agiven
income. Figure 3C, which gpplies the mortdity differentids by education, presents a dramatic
difference. Although the overdl trend is the same asin Figure 3B, with negative lifetime benefits a high
incomes, thereis now afairly sharp separation by education. Many or most of the college-educated
males in the sample have positive net benefits. The average difference by education spans alarger
proportion of the digtribution of individua net benefits than in Figure 3B.

The overd| effect of the differentia mortality adjustment is clear to the eye even without the aid of the
numerica averagesindicated by the horizontal arrows. In Figure 3B the averages are close together,
but in Figure 3C the college-educated have a substantialy higher average. In this sample, furthermore,
the college-educated no longer have a negative average lifetime transfer.

Figure 4 gives corresponding plots of the ratios of net trandfer to earnings, T/Y, which isoften used in
progressivity sudies. Again, dl three plots have the same scale. Thetilt is downward, indicating
progressive net transfers. (This result will be sandard for male worker benefits. The studies that have
found severely reduced progressivity have included couples benefits and have repositioned couples with
nor-working wives to higher positions in the income didiribution to reflect the incomes that might have
been earned if the wives had worked more.) It isnot possibleto tell, eyeballing the data, whether the
differentid mortalities dso decrease the progressivity of the net benefits, the downward tilt from left to
right. If dl of the higher educated workers had high incomes and dl the lower educated workers had
low incomes, the upward shift of the surviva-adjusted net benefits would modify the generd downward
tilt. But there istoo much overlap among the education groups for a change in thetilt to be detectable

by eye.

Aggregating net lifetime trandfers and net lifetime earnings by subgroup, theratio of trandfersto earnings
using the common surviva probabilitiesis-1.6 percent for the less than high school group, -2.3 percent
for the high school group, and -1.9 percent for the college group. Using the differentiated mortdities,
the corresponding percentages are -2.1 percent, -1.6 percent, and +0.2 percent. In other words, the
introduction of mortdity differentias causes net trandfers as a percent of earnings to decline by 0.5
percentage points for the less than high school group but to increase by 0.7 percentage points for the
high-schoal group and 2.1 percentage points for the college group. The difference between college and
less than high school changes from -0.3 percentage points without the differentidsto 2.5 percentage
points with the differentials, an increase of 2.8 percentage points.

Dividing the sample into five quintile groups by lifetime earnings, and caculaing theratio of lifetime
trandfersto lifetime earnings in each group under common surviva probabilities, there is a strong

3A, with lessof afal a higher incomes. The survival discounted lifetime values are not much affected
by payments above age 100.



progression by lifetime earnings in the ratio, changing from +4.0 percent in the bottom quintile, to -0.6
percent, -1.7 percent, -2.7 percent and -3.5 percent in the second through fifth quintiles Usng
differentid surviva probabilities, the ratios do not change much: +4.2 percent in the bottom quintile, and,
in the second through fifth, -0.6 percent, - 1.5 percent, -2.4 percent, and - 3.1 percent. The spread
between the ratios in the bottom and top quintiles narrows from 7.5 percent without differentialsto 7.2
percent with differentias, a change of 0.3 percentage points, compared with 2.8 percentage points for
the change in the spread by education.

The introduction of mortdity differentidsin this sample thus has a szable effect on the transfers by
education group but amuch smaler effect on the progressivity of the transfers.

[11. Money's-worth Studies, Policy Smulations, and Differential Mortality

Differentid mortdity effects smilar to those in Figures 3C and 4C are often found with regard to other
mortdity differentidsin progressivity sudies of Socia Security lifetime net benefits. Just as the mortdity
differentids by education have asharply digtinguishable effect on the average lifetime net benefit by
education level but aless striking effect on progressivity, so do other differentials that don't explicit
differentiate on income. In particular, the introduction of race differentias into survivor probabilities,
while it has modest effects on the overal progressivity of net benefits, has much more notable effects on
the average net benefit by race.

A number of money's-worth studies with mortdity differentids have examined the results with and
without the differentials, and bear out this generd conclusion. Meyer and Wolff (1987) carry out
andyses with three different sets of mortaity tables: unisex tables, tables differentiated by sex and race,
and tables differentiated by sex, race, income, education, and marital status. They compute a
"redigtributive component” of Socid Security benefits, caculated as the portion of the benefit in excess
of the annuity that would be payable from each person's accumulated lifetime taxes, using the three sets
of life tablesto caculate three possible annuities. Under the unisex tables, nonwhites have a
subgtantialy higher redigtributive component than whites. The move from the unisex tables to the sex
and race tables reduces the difference between nonwhites and whites considerably, and the move to
the more completely differentiated tables reverses the difference. When dassfied by income, in
contrast, Meyer and Wolff find so little difference among the three sets of surviva tables ("amost no
effect”) thet they present the results by income only for one set of tables.

Duggan, Gillingham, and Greenlees (1995) edimate mortdity differentias by lifetime earnings on an
adminidrative data sample and smulate net lifetime benefits without and with their etimated differentids.
They find that the net trandfers by income class after the introduction of their estimated lifetime earnings
differentids are "naticeably less’ progressive than before the introduction of the differentials but till
"grongly progressive.”

Coronado, Fullerton, and Glass (2000) differentiate mortality rates by income, but include many
additiond factors affecting progressvity. Although they find that the combination of dl ther factors
renders the system regressive, the contribution of differentid mortdity itsdf is quite amal.

Liebman (2001) differentiates mortality by race, sex, and education. Comparing the net transfers and



the interna rates of return with and without differential mortality, he finds that blacks have an advantage
over whitesthat is sharply reduced when the differentid mortalities are introduced. A smilar sharp
reduction shows up in the higher rates of return of less-educated workers relative to higher-educated
workers, and the difference in returns between high-school and more than high school disappears
atogether when the differentids are introduced. The progressivity of the benefits, however, measured
by the variation between lifetime earnings quintiles of the ratio of lifetime bendfits to lifetime taxes, isonly
very dightly affected by the introduction of the differentials®

Gustman and Steinmeier (2000, 2001) present two versions of the same paper, the first without
mortdity differentids by income and the second with differentias by income. Severd of the
redistributional measures show amost no change between the two papers. (There are sharp changesin
a least one measure, but, given the lack of change in other measures, this must be due to some change
other than to the introduction of mortdity differentias)

Cohen, Steuerle, and Carasso (2001) using a sample of administrative/projected earnings data and the
benefits cdculated from those earnings, examine lifetime net benefits without and with mortaity
differentials (The differentials include sex, educetion, race/ethnicity, and a measure of current
household income relative to average household income by age and marital status)) They find that the
relative advantage of some race and education groups is undone by the introduction of differentiated
mortdity. Usng internd rates of return, for example, before including mortdity the return for mae high-
school dropout worker benefitsis 3.51 percent and for college education 2.92 percent. After including
mortality the returns are, repectively, 1.88 percent and 2.52 percent. The effects by lifetime income
quantile are much smaler, particularly for the later of two cohorts that were anadlyzed, and do not come
close to undoing the effects of the progressive benefit formula

In summary, the money's-worth studies indicate that the introduction of mortdity differentids can sharply
reduce the measured lifetime net transfer to race or education groups with lower surviva probabilities.
The effect on the progressvity of lifetime net transfers rdlative to lifetime earnings gppears to be much
amdler, even in those sudies that explicitly introduce mortdity differentias by lifetimeincome. The
widespread nation that mortdity differentias have alarge impact on progressivity might be due to
severd factors. Firdt, the notion that the progressivity of the benefit formula could be reversed by longer
lives of higher earners was plausible on its face and seemed to be borne out by ssimulations on
representative workers. Second, recent studies of progressivity or redistribution of Socia Security
benefits have usualy incorporated differential mortdity, and athough the strong effects on progressivity
in these studies come from the trestment of single-earner married couples and of years without earnings,
a hagty reader might miss the fact that differentid mortdity itsdf plays only aminor role. Third, there
may be atendency to underestimate the overlap in the earnings distribution between high and low
mortality groups, so that findings of demonstrable effects on blacks or low-educated maleslead to a
mistaken conclusion that progressivity will be strongly affected.

*This messureiis not explicitly calculated in Liebman, but is essily computed from his Teble 4. The
ratio of benefitsto taxes, 1.41 in the bottom quintile and .86 in the top quintile under unisex differentids,
becomes 1.39 in the bottom quintile and .87 in the top quintile with the sex, race, and education
differentias.
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The education differentiadls used in this paper are more useful for congdering the effects of mortdity
differentids that are independent of lifetime earnings than they are for congdering the effects of
differentids that are srongly corrdated with lifetime earnings. The education differentids cause ashift in
leve at each point on the lifetime earnings (horizonta) axisin Figure 3C or 4C. A differential related to
earnings would, in contragt, affect the tilt of the plot. For the purposes of this paper, the shiftsin leve,
eadly coded visudly into three groups, are handy for interpreting the results. That the education
differentids do nat, it seems, change the overdl progressvity very much, isin accord with the other
earnings-sample studies cited above.”

It should be kept in mind, however, that the education differentid's used here present a very smplified
picture of the possible effects of mortdity differentids. Widening the scope to include race and income
differentids, athough it would cloud the plots with too many mortdity typesto easlly anayze, would
give amore accurate picture of the dispersion from mortdity effects and of the possible effects on
progressivity. Widening the scope il further to include women's benefits and the benefits of married
couples would cloud the picture even more but would bring the andys's more into line with more
comprehensive studies of Socid Security lifetime transfers. The points that are made in this paper about
education differentias, however, extend to other mortadity differentids.

| arguein this paper that Figure 3B isamore correct indication than Figure 3C of the vaue to the
individud of the Socia Security transfers, unless annuities differentiating by education are available. The
money's-worth studies, in giving results closer to Figure 3C, areimplicitly assuming that annuitized
saving vehides exigt that fully compensate low-mortaity groups for their shorter life expectations by
paying them higher interest rates on their savings.

Any study of the money's worth of Socia Security can be considered a policy smulation comparing the
taxes and benefits under Socid Security with the payments under some benchmark dternative, but the
dternativeisrarely described explicitly. The implicit dternative can, however, be deduced from the
actuarid caculations. Theimplicit benchmark dternative that has been used in dmost al money's-worth
dudies, it turns out, differs from the policy aterndtives that have tended to be used in policy smulations
that aim at redlistic descriptions of dternativesto current Socia Security.

Policy smulations of Socid Security dternatives have tended to feature annuitized paymentsin
retirement. A representative example of such policy smulaionsis Feldstein and Liebman (2000), which
compares averson of current-law benefits with aternatives based in part on annuities from invesment

*“Waldron, who supplied the education morality differentials, warns that Smultaneoudly estimated
education and lifetime earnings differentials would give different results. The education differentids
would probably shrink, and the lifetime earnings differentials would give an effect on progressvity thet is
missing here. The use of education differentias by themsalves should be considered primarily
illugtrative. Firm conclusions about the effects of mortdlity differentids on progressivity can only come
from sudies that ether estimate the differentid by lifetime earnings and use it without other factors (like
Duggan et d.), or that estimate the earnings differentids smultaneoudy with any other differentials that
are being used.
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accounts. The annuities are calculated using unisex life tables. The smulated streams of current-law
benefits and dternative benefits and annuities are analyzed usng mortdities differentiated by sex, race,
and education. (The differentia mortaities are used at severd places: they determine the probability of
receiving widow benefits, they are used in the congruction of asmulated cross-section of beneficiaries,
and they are usad in the tabulation of internd rates of return.) Feldstein and Liebman note of their
"PRA" annuities that "dthough an actuaridly far PRA system would give each individud the samerate
of return, we ... assume that the PRA annuities would be cadculated using a single uniform unisex
mortdity table. The PRA system therefore gives a higher rate of return to those groups that have higher
life expectancies...” In the comparisons with current-law benefits, therefore, the mortdity differentials
net out.

The important thing to note hereis that the policy smulations quite naturdly make use of both the more
aggregated surviva probabilities, L, for the caculation of the annua annuities, and the more detailed
differentiad probabilities, M, for the determination of how long people live and the aggregate lifetime
benefits they are likely to receive. They do it this way because that is how the probabilities occur in red
life. If annuitieswere likdy to be caculated with sex-differentiated, or sex- and race-differentiated, or
sex- and race- and income-differentiated probabilities, then the smulations would seek to use the same
sort of probabilities. Because annuities are not caculated this way, the smulations use the more
appropriate common surviva probabilities.

Thisis not, however, the procedure that has been followed, explicitly or implicitly, in money's-worth
sudies. Some money's-worth studies come close to being parale policy smulations of the sort just
described, caculating the "counterfactua” annuities that could be paid from accumulated payroll taxes
and comparing the resulting annud annuities with Socid Security benefits. Others use asmpler non
annualized procedure, calculating the actuarid value of lifetime benefits and comparing it to the vaue of
lifetime taxes. The two approaches, however, are equivaent, except that the smpler procedure has the
advantage of abstracting from the details of annual payments.”

>The two procedures can be summarized as follows. Suppose the accumulated value of taxes a
retiremert isks2. The counterfactua annuity gpproach caculates an constant annua annuity av using the
differentiated mortdity rates My:

Ke2 = Sxe62 RMx au
b av=ke/{ Swe: RMx}.
Thisav isthen compared each year with the Socid Security benefit beny:
ratio = benx / aw.
The non-annualized procedure skips the counterfactua annuities, calculating the lifetime value of benefits
Benv ={ Sxe2 RMx benk }

and compares the lifetime taxes to this amount:
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In dl of the money's-worth studies | am aware of, however, the mortdity tables used to calculate the
counterfactud annuities or, in the equivdent andysis, the lifetime net transfers, go beyond the unisex
mortdity annuities of Feldstein and Liebman. Sex differentiated mortdities could be defended on the
grounds that sex-differentiated annuities are avallable privatdy, and thus might be appropriate to
comparing Socia Security with some hypotheticd private dternative (even if not appropriate to
evauating Socia Security againg an dternative government mandated annuity). But most studies go
beyond sex-differentiated mortdities, incorporating race, education, income, lifetime earnings, or marita
datus differentias in various combinations.

The benchmark dternative that these sudies are implicitly assuming is an dternative in which annuities
are provided to retirees that differentiate by whatever estimated mortdity differentias are available to
the anadlysts who produced the studies. 1t is conceivable that in the absence of Socia Security and
pension annuities thriving private markets would develop that differentiated by at least some of these
characterigtics. This, however, is aspeculation that should be made more explicit in the presentation of
money's-worth caculaions. If the mogt likely dternative, however, is annuitized saving using sex-
differentiated or unisex annuities, the money’s-worth cal culations should be adjusted appropriately.®

V. Own Utility of Social Security Net Benefits

ratio = Benw / Keo.

When bery is a constart red amount, the two ratios are equivaent:
Benv / ke2 = ben { Sxe2 RMx } / ke2 = ben/ au.

The policy amulations, in contragt, cdculate an annuity based on common mortality tables:
a = ke2/{ Swe2 RLx }.

Whether the comparison is at the annud leve, bend/a., or summarized using common mortaities, { Sxs2
RLx ben} /{ Swe2 RLx a} = ben/a, or summarized using differentid mortdities { Sxcs2 RMx ben} /{
See2 RMy a} = ben/a., this comparison will be different from the money's-worth comparison if Sye2
RMy differsfrom Sxse2 RLx.

®In Meyer and Wolff (1987) a unisex annuity is considered to be the most likely counterfactual
annuity, but "in order to test the effect of sex, race, and other individua characterigtics on the Size of the
redistributive component, counterfactuals were also calculated using the two more disaggregated
aurvivor tables” If in fact the true counterfactud is unisex, | would argue thet the redigtributive
component does not vary by sex, race, etc., except to the extent indicated using the unisex
counterfactual.
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In this section, the effect of differenti mortality on the lifetime value of Socid Security will be
congdered in the context of asmple life-cycle congtant-rddive-risk-averson (CRRA) utility modd that
iseasy to apply in the smulation framework. The"vaue' of Socid Security from this perspective will be
the expenditure equivaent of the difference between lifetime utility without Socid Security benefits and
the lifetime utility with Socid Security benefits. In this section it is assumed that there are no congraints
on borrowing againg retirement income and no valuation of bequests. An attermpt will be madein
sections VI and V11 to ded with these complications.

The utility perspective brings two additiond factors into play compared to an andyss that Smply
compares the change in the lifetime budget condraint. Firg, it accounts for the flexibility workers have
of adjusting their own saving to take account of their expected surviva probabilities. A conventiona
policy andyss can compare Socid Security benefits with the annuity payments that could be paid from
contributions equa to the same taxes, but it does not account for the possibility that workers might, in
the absence of Socid Security benefits, augment or offset those mandated contributions by adjusting
thelr own saving for retirement. A conventiond policy analys's can gpply differentia mortdity ratesto
the Socid Security benefits and to the annuity payments in the lack of Socid Security, reducing the
actuaria present value of old-age income under either dternative, but it does not account for how much
low-surviva workers might reduce their own saving for retirement, effectively increasing the utility of
other old-age income under either dternative. A utility framework alows more exact smulation of these
effects.

Second, the utility framework alows a deeper analysis of how the vaue of Socid Security benefits
changes across the spectrum of lifetime incomes, a question that will be taken up in section V.

The utility framework depends on the specification of a utility function that we cannot observe, and the
particular family of utility functions specified here depends on a parameter, &, that would itsdf be
unknown even if the family of utility functions were known with certainty. Neverthdess, the CRRA
family of utility functions replicates some important mechanisms presumed to underlie saving for
retirement, and by examining the vaue of benefits over arange of valuesfor &, we can get more insight
into the actud vaues of benefits than we can get by looking at the actuaria vaues.

Utility calculations of the value of Socid Security taxes and benefits are often avoided in policy andyds
for at least two reasons. Fird, thereis congderable uncertainty over the functiona formsfor utility thet
could be congdered to drive peopl€'s decisons, and second, even if the form of the utility function for
individuas were known, thereisamgor hurdle in combining or comparing these utilities across
individuas. A good case can be made, however, that these hurdles are even more of a problem for the
actuaria vaudtion of Socid Security benefits Onejudtification for usng an annuity present vaue for
policy analyssisthat under certain conditions the annuity present value is agood indicator of the change
in lifetime utility attributable to atransfer program. If these conditions fail, however, then the annuity
vaues themsalves will aso be unrdiable indicators of the usefulness of the bendfits.

The notation for lifetime actuaria vaues of the preceding sectionsis retained here for describing the
budget congtraint that relates consumption at each age, ¢, to lifetime earnings:

SxRLxCx:WRL:SXRLx(yx+tx).
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The discounts R« and surviva probabilities Lx used here should reflect the returns to saving thet are
available on the market. The probabilities Lx, therefore, should only be used if annuitized saving for
retirement is operative, and the probabilities should reflect the probabilities actudly used in the
annuitized saving. Otherwise the Lx in the budget constraint should be set to 1, or, equivaently, RL
should be replaced by Rwherever it occurs.

A lifetime utility function is posited,
U = Sx DxMx u(cx),
u(cd) = o2/ [1-4],

inwhich u(cy) isatrandormation of annua consumption that reflects the diminishing margind utility of
consumption, and Dx is whatever discount is gppropriate to caculating lifetime utility. The utility
discount Dx is analogous to the market discount R« but can be lower in agrowing economy. (Inthe
amulations shown here, Dx was et to 1, corresponding to a utility discount of zero. Smulations with
the utility discount set to 1.5 percent, compared to ared interest rate of 2 percent, gave Smilar results.
The mogt visible difference was larger but quditatively smilar results from the imposition of borrowing
condraints) The subjective surviva probabilities My are assumed here to be the same asthe
differentiated surviva probabilities used in Section 11, dthough if redigtic behavior were being modded
they could vary from person to person.” The parameter & determines the curvature of the utility function
(diminishing margind returns) and can be congdered, among other things, a"reldive risk averson”
parameter, hence the name "congtant relative risk averson” (CRRA) for the utility function.

’I won't go into this problem in gresater detail here except to mention it in thisfootnote. It is not
irrationd for a person to maximize utility conditional on persond survivd (i.e,, with Mx=1), taking
expected vaues over states of that person's world, not the world. The vaues of My that actudly
determine behavior are an empirica rather than alogical question. There are a number of reasons that
the subjective vaues of Mx might be driven down toward the objective surviva probabilities. For
choices among activities with different risks, the probability of deeth may be strongly correlated with the
probability of suffering before desth. The enjoyment of future consumption may be srongly (inversdly)
correlated with morbidity and mortdity. Perhgps most important, persons exist within a network of
other people who will survive them, and there may be subtle but strong hurdles to persons treating
casudly their own surviva when the other people do not treet it so casualy. It is possible that persons
without close relatives are more likely to use an Mx close to 1 than are persons with a spouse or
children. The question can't easily be settled by looking at saving behavior because the persons with
close rdatives might also be more likely to value accidenta bequests.

8Utility-based Socia Security andlyses sometimes use & ashigh as4 or 5. A convenient set of
reference pointsis provided by the case of portfolio choice when returns to saving have alog-norma
distribution and consumption is financed entirely by saving: investors with &=0 will choose the portfolio
with the highest expected return, investors with &=1 will choose the portfolio with the highest median
return, and investors with &=3 will choose the portfolio whose moda vaue (i.e., the most frequent
return in the digtribution) is the highest.
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The utility to be maximized and the budget condraint that must be met can be combined in one equation
with alagrangian multiplier €:

U:SxDMxU(Cx)'l'é{ SxRLx(yx+tx)'SxRLxCX}
or
U = Sx DMy U(Cx)+é{WRL' Sx RLXCX}

Note the different roles of the differentiated probabilities My, which directly play arolein utility, and the
actuaria probabilities Ly, which directly play arolein the budget congtraint and only indirectly play a
rolein utility. Anindication of the results of this section can be derived immediately from equation (1)
under the envelope theorem, according to which the effect on lifetime utility of asmal change in bendfits
is

du/dtx = é RL.

In other words, dthough the annud utilities are weighted by the persond surviva probabilities and utility
discount, DMy, the utility effect of asmdl increase in benfitsis proportiond to the actuarid vaue of the
benefits usng the actuarid discount RLx . The differentia mortalities Mx play arole only through any
influence on the multiplier €. For the simulations to be presented, the effects on € appear to be small.
For the andlysis of progressivity, aswill be shown in alater section, any effect of differentid mortdity on
€ will be swamped by the effect of lifetimeincomeon €.

It will be assumed that the interest rates underlying R« will not change between the economy without and
the economy with Socia Security (perhaps not a very plausible assumption when transfers are being
made for al persons and dl generations).
The above formulaion gives for the margina utility of consumption

UI(Cx) = RLx/DMx e .

RLx/DMjy designates a margind utility profile thet is the same for everyone with the sameM and D. The
multiplier € varies according to individua wedth and the curvature of the utility function.

This expresson for the margind utility, vaid for more generd utility functions than CRRA utility, givesan
approximation for lifetime utility of net transfers that is easy to celculate. If we let ¢ denote the optimum
consumption in the absence of Socia Security transfers and ¢ the optimum in the presence of the
trangfers, then the lifetime utilities without and with trandfers are

U° = Sx DMy u(c%).

Ul = Sx DMX U(Clx).
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The differenceis
AU = U'- U%= 5« DM« { uck) - uc%) }.
Using the gpproximation
u(ch) - uc) » (ck- %) u(cr)
we get
AU » S« DM (c't - %) u(cry)
» Sx DMy (C'x - ¢%) & RL/DMx
» € S RLx (C'x - €%)
» € { (Yre+Tr) - (Yr) }
» € Tre.
Thus, under any utility function, the utility difference should be approximately proportiona to the present
vaue of the net trandfer itsdlf, discounted using the available annuity rates. The CRRA utility function,
however, dlowsthe utility difference to be caculated quickly and exactly, including the proportiondity
term €, which might itsdf differ by mortdity.
Under the CRRA specification the margind utility is
u'(cy) = o
It follows that
o= €73 (RL/DMy)™2.
It isthen easy to caculate € from the wedth congtraint:
WhL = Sx RLx Cx
= S« RL« ™2 (RL/DM,) ™.
€Y% = \Whre / [ Sk RL(RLy/DM,)™?].
c*t = Wre (RL/DMy)™? /[ Sx RLx(RL/DMy)™?].

The optimum consumption is therefore proportiond to lifetime wedth, Wk, and follows apath that isa
function & each age of RLx and the ratio RL,/DMx.
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The optimum path, c*, can be calculated both without Social Security transfers (We. = Yr.) and with
Socid Security transfers Wk = Yro + Tr). Ineach case, the lifetime utility can aso be calculated,

using
U = Sx DMy (o) /[ 1-4].

Under CRRA thereisadmple rdationship between lifetime wedth and lifetime utility:
U =K Wgr "?/[1-4]

where K is a congtant (for each mortdlity group) that dependsonly on R, L, D, M, and &. This
relaionship is essly inverted,

Whee = ([1-8] U/K)H
alowing the quick caculation of expenditure equivaents, the sarting wedth that would dlow a person
to reach a specified level of utility. The expenditure equivalents to the pre-transfer utility U° and the
post-transfer utility U* are
E° = ([1-&] U° /K )4,
E' = ([1-4] U* /K )M
= E° [,
The equivdent vaiaion is
=B ([UUgE - 1),
In the smulations the utilities are actudly caculated from the optimal consumption paths and converted
into equivaent variationsin this way, as a check on the computations. But the values (when there are no
borrowing congtraints and no bequest motive) are actually much smpler to calculate, as can be seen
from plugging the value for U asafunction of W into the equivaent variation calculaions
E’°=Wr’ = Yre.
E'=WrL' = YaL + Tre.
El - EO =Tre.

More important than the ease of computation are two implications. First, the equivdent variaions are
unaffected by the utility curvature parameter &. Second, the equivaent variations are exactly equd to
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the net transfers calculated in Section 11

Figures 5A and 5B show the equivaent variaionsin the utility (using @=1.01, dthough it does not affect
the variations) caculated under the assumption that annuities are not available (5A) and under the
assumption thet they are available at common life table rates Lx (5B). (Figures 5C and 5D will be
referred to later.) Figure 5A clearly corresponds closdly to Figure 3A and 5B to 3B. The
correspondence of the A figures for equivaent variations to the A figures for net financid transfers bears
out Bernheim's andysis if annuities are not available, the utility change is accuratdly indicated by the
discounted cash value without usng surviva probabilities. The correspondence of the B figures bears
out the extension in this paper: when annuities are available, the utility change is accuratdly indicated by
the actuarid vaue that uses the surviva probabilities provided for in the annuity tables, not the actua
surviva probabilities faced by each person.

Although Figure 5B isidentical with Figure 3B, which discounted lifetime transfers using the common
surviva probabilities L, it isimportant to note that the utilities underlying Figure 5B are discounted using
the differential surviva probabilities M. The probabilities L play arole only in determining the returns
to annuitized saving. Although the differentiated probabilities M are present in the lifetime utility function,
we do not see the separation in lifetime values by education that was so visble in Figure 3C.

Another verdgon of the equivdent variaion that is useful isthe equivaent proportional variation, that
multiplek of origina wedlth that gvesthe new utility:

W=K We ™.

U= (KWro)"?
=k U

k= (U

Again, the actua vaues for the proportiond variations in the uncongtrained nonbequest case are a
ample function of the Section Il vaues.

k = TRL / YRL.

These proportiond variations are plotted in Figures 6A and 6B for the no annuities and the common:
survival annuities cases. They are identical with the net transfers as a proportion of lifetime earnings
shown in Figures 4A and 4B. (Figures 6C and 6D will be consdered in section V1.)

Figures 5A and 6A do not show the sharp separation by education group that was seen in Figures 3C
and 4C, even though the mortdity differentias that caused the separation seen in those figures are fully
present in the utility optimizations underlying Figures 5 and 6. To get equivdent variaions like those
seen in Figure 3C, the differentid mortdities Mx would have to be used not just in the definition of
lifetime utility but dso in the lifetime budget condraint,
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SxRxMxCx:SxRxMxyx:WRM,

implying the presence of perfectly differentiated annuitiesin dl of retirement saving.

V. Comparing acrossindividuals

The andysis by individua equivaent expenditure variations does not alow comparisons between
persons or between subgroups classified by income or educetion, athough the graphical presentation
invites such comparison and the caculation of an average equivadent variation implicitly assumes that the
variaions are comparable.

The data presented in figures like Figure 5 and 6 should not, from one common standpoint, be used for
much more than anayzing the sign of the utility change. A postive variation indicates a pogtive utility
change, and a negetive variaion indicates a negetive utility change. The equivaent variation in Figure 5B
and the proportiona equivaent variaion in Figure 6B tel exactly the same gory: the utility change from
lifetime Socia Security, if discounted for mortdity, tends to be positive at low incomes and negetive at
high incomes.”

Strictly, the comparisons in the earlier sections are most applicable to the comparison for agiven
individua of the value of the Socid Security trandfers, holding survival probabilities congant. When
comparing two persons with different surviva probabilities, even if they have the same lifetime earnings,
the problem of comparing different lifetimes arises. Should we focus on average utility while dive, or on
totd lifetime utility? Thetotd lifetime utility is the quantity referred to in the preceding section:

U = Sx DMy u(cx).
By the "average while dive' | mean asort of annudized utility:
Uavg ={ Sx DMy U(Cx)} /{ Sx DMx}

For theindividud, the question isirrdlevant as long as choices do not themselves affect the length of life
For the policy maker or voter adding up utilities across persons, however, thereis no clear answer. |
have opted to use the annuaized utility in plots of the changesin utility. Plots based on the totd lifetime
utility show adight broadening in the ribbon of pointsin plotslike 7A, exhibiting adight mortaity
differentid effect, dthough nothing on the scale of Figure 3C. | use the annudized form because it
grengthens the paralldlism between the net transfers as a percent of lifetime earnings (Figure 4A or 4B),
proportiond utility equivaents (Figure 6A or 6B), and the utility changes at & near 1 (Figure 7A or 7B).

*Srrictly speaking, the equivalent variations (but not the proportional variations) can play a somewhat
larger rolein wefare andlysis. If some of the equivaent variations are positive and some negative, and if
the sum across personsis positive, there is a possibility of further adjustment in the trandfers so thet all
persons can have postive utility changes. The practical Sgnificance of this possibility might be
questioned.
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Asa gpproaches 1, the utility change in its annualized form approaches the proportiona variation,
which in turn corresponds to the net transfer as a percent of lifetime earnings (see Appendix for details).
Oneimplication isthat analyses that use proportiond variations are in effect adjusting for different
lengths of life.

We now look &t the utility changes themsalves, rather than the equivalent variations. Because the
equivaent variations are an index of the utility changes, the sgns of the changes will be no different. The
magnitudes, however, will be different, and as the utility curvature parameter & is varied, the reletive
utility changes AU(@) for high and low incomes will be dtered, asis not the case for equivaent
variations. The sum or average utility change will dso be affected by the parameter &.

Figures 7A and 7B show the earlier variationsin terms of utility changesat & near 1. It can be seen
from comparison with Figure 6 that the equivaent proportiona variations present an dmost identical
picture, aside from the quantities on the verticd axis.

(Plotting by totd lifetime utility instead of the annualized utility, not shown here, gives, as dready
mentioned, a dight separation by education group in the plot corresponding to Figure 7A, due,
presumably, to effects operating through the lagrangian multiplier €. The separation is much smdler than
that found in Figure 4C, and is no longer visible in the plot corresponding to Figure 7B.)

Figure 8 gives the utility changes for the unconstrained annuitization case (corresponding to Figure 7B)
atd =12 8=14,48=2 and a=3. Utility changesat higher & areincreasingly dominated by utility
changes a very low incomes.™

If equivalent variaions were caculated for & = 1.2, 4=1.4, 8=2, and a=3, andogous to the utility
change cdculations of Figure 8, they would dl be identical with the plot for net transfersin Figure 3B
and of equivaent variationsat @ near 1 in Figure 5B. The equivaent proportiond variations would be
identical with the proportiond net transfer of Figure 4B and the equivdent proportiond variation of
Figure 6B. Thisis because under unconstrained maximization with only cash sources of utility the
equivaent variation is Smply equd to the cash variation. The approximate equdity between utility
change and equivaent proportiona variation at & neer 1, visible from comparing Figures 6 and 7, thus
no longer holds & higher &. (Looking ahead to the constrained cases considered in the next section, if
equivaent variations were plotted for the constrained cases, there would be dight differencesas a
increased, but nothing like the utility change differences of Figure 8.)

Thelack of change in the equivadent variations as a isincreased should not be taken as meaning that the

%This poses more than just presentationa problems. Some of the low earnersin the administrative
data sampleredly just have low covered earnings and might have had other earnings not covered under
Socia Security. The presence to an unknown degree of these noncovered earners prevents any solid
conclusions about average utility changes, particularly at high curvature parameterslike 8=3 or a=5.
As more recent administrative data that includes noncovered earnings accumulates, this problem will go
away, but related problems regarding truly part-career earners will remain. These problems are dso
present for actuarid vauations, but high-curvature utility functions make them more prominent.
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utility curvature parameter & haslittle effect on the vauation of lifetime Socid Security benefits. The
equivaent variations are the utilities transformed into adollar metric that varies for each person. The
metric tels us whether the utility changes were positive or negative, but it does not tells us how the utility
change for a person with lifetime income of 100,000 compares with the utility change for a person with
alifetime income of 500,000. Aséa rises above 1, the equivaent proportiona variation becomes
increasingly inaccurate as a guide to utility changes across the income distribution.™

Because the proportiond variation in Figure 4 is dmost identical with the &=1 utility change of Figure 7,
conventiona progressivity andyss can be consdered astudy of utility changes under the assumption
that & = 1. Thisamount of curvature was at one time considered perhaps the most plausible
specification of utility ("Bernoullian utility"), and the advocacy of proportiona and later progressive taxes
may have had some of itsroots in the fact that if 8=1 the burden of atax (if measured asthe utility
change) will be borne equdly at dl income levels only if the tax is proportiond to income. In more
recent timesaa greater than 1 has come to be considered more plausible, and a proportiond tax has
come in some circles to have aregressive flavor to it, consstent with the notion that the burden of atax
should not fal more heavily on the poor, as would a proportional tax if & were greater than 1. (See

Y oung, 1990, for adiscusson of equa sacrifice principles and an attempt to measure the utility
curvature assumption implicit in income tax schedulesif they are aming at equd sacrifice)

Thefact that for net benefits apolicy that appears, at a=1, to give equd utility changesto dl eanersis
actudly, at any higher &, a policy that gives agreater utility increase to low earners than to high earners
isworth bearing in mind with regard to the money's-worth studies of Socia Security. Severa of these
sudies find that as various effects are taken account of with regard to couples benefits and the benefits
of part career earners, then the net lifetime benefits come closer to being proportional to lifetime
earnings. If anet lifetime transfer is proportiond or barely progressve by conventiona measures, this
means that the utility changes are gpproximately congtant if measured at & = 1. I, however, the true
vaueof & isgreater than 1, then even exactly proportiona net transfers will benefit low earners more
than high earners. The transfer system can in fact be somewhat regressive and still benefit low earners.™

"'Comparisons of equivaent variations or equivalent proportiona variations as the risk aversion
parameter changes are for this reason very muted indications of changesin utility. In Brown (2001), for
example, an "annuity equivaent wedth" measure is caculated that amounts to an equivaent proportiona
variation. This proportiona variation is computed for different mortdity groups at CRRA parameters
ranging from =1 to a=>5. Itisnot surprising that the equivaent variations do not change much asa
varies. For amilar reasons, one should be careful interpreting results by income class that are presented
as equivaent proportiond variations. Statements like the following can be found in the literature: " Utility,
measured in wedlth equivaents, would rise by 8 percent for average earners, 6 percent for the poorest
agents, and 4.4 percent for the richest agents.” The measure being discussed here is an equivalent
proportiond variation, and under some CRRA parameterizations, a6 percent gain in the bottom classis
alarger utility gain than an 8 percent gain in amiddle income class

“This remark does not apply when net transfers are negative a al income levels, in which case the
rules for taxes apply: to insure that the poor do not suffer alarger utility change than therich, the utility
change must be equd at some & greater than or equa to thetrue @. In Coronado et a. the use of a
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To some extent, the comparing of utility changes across personsthet is carried out in anayses like that
of Figures 7 and 8 can be considered an analysis of the expected utility changes faced by persons
whose future earnings are unknown. For ayoung worker, Socia Security providesinsurance agang a
long career of low earnings. (This insurance component might be underrated by andysts in government
and academia, whose lifetime earnings are probably more predictable than those of the average
worker.) This component is completely ignored in the individua points plotted here: life earnings for
each person are assumed to have been known from the start. An anadysisthat incorporated earnings
uncertainty would be considerably more complicated and probably not feasible yet for use on
adminigrative data earnings higtories. The effect, however, must be something like the averaging
together of dl the pointsin awindow around the expected lifetime earnings. Asthe age a which the
insurance vaue is cdculated recedes to and before birth, the window grows to include more points (and
more education groups), approaching, if the processis taken far enough, the average utility change for
the whole sample. The curvature of the utility function affects the average utility chenge in each window:
the higher & is and the more curved the utility function is, the greater will be the average utility changein
each window redtive to the vaue in the middle of the window.

V1. Borrowing congtraints

Bernheim (1987) recognized that borrowing congtraints could depress the vaue of lifetime benefits
below the smply-discounted value, and he tried to quantify how important that effect was.

The borrowing congraints that are of importance in this context are not the congtraints on young earners
borrowing againg future income (or borrowing to invest more heavily in equities). They are, ingeed, the
condraint on borrowing late in life againgt Socid Security or annuity payments at the end of life, whether
borrowing just before retirement againgt benefits after retirement or borrowing early in retirement againgt
high benefitslate in retirement. If low survival probahilitiesin old age lead workersto plan for high
margind utilities and low consumption in old age, the resulting optimum consumption path, if it is
declining, will not St well with a constant red benefit payment. Retirees, not alowed to borrow againgt
these too-high payments to increase earlier consumption, are forced to a somewhat |less than optimal
path if Socid Security or under any other mandatory annuitization setsthe level or growth of benefitstoo
high. This reducesthe vaue of the Socid Security relaive to the unconstrained saving path.

Thissort of condraint isreatively easy to implement in the smple saving models we have been
considering. Given an uncongtrained consumption path, the asset accumulation by the end of each age,
kx, can be calculated:

kx = [RLx-J_/RLx] kx-l + yx [ + tx] = CX-
This asset path can be checked to seeif it ever drops below zero. If it does, the consumption path can

be reoptimized with assets congtrained not to fal below zero. Thisis done both without and with the
Socia Security transfersty, yieding, when the utility function is gpplied to the two consumption peths,

high discount rate made transfers negdtive at dl income levels.
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two utilities U° and U, one or both of which might be below the corresponding utility that would be
caculated in the uncongtrained case. It is possible for the constraint not to bind both without and with
Socid Security, in which case the smulated utilities are exactly the same as before, as are the calculated
equivdent variations. If the borrowing congraint does bind, it islikely to ether bind with Socia Security
but not without, or to bind more with Socid Security than without, reducing the utility difference U'-U°.

Exact equivadent variations, conditiona on the age a which the variaions are supplied, could be
caculated for these utility pairs. Instead, an gpproximation is used here. The exact pair of utilities under
the constraint is calculated, but for the expenditures E° and E* corresponding to these utilities the
indirect utility function from the unconstrained caseis used. The difference between E* and E® isagood
indicator of the utility difference, and should be close to an exactly caculated variation, dthough | have
not checked this.

Subfigures C and D in Figures 5, 6, and 7 show the results for equivaent variations, equivalent
proportiona variaions, and utility differences when the borrowing congtraint is gpplied under regular
saving with no annuities available (C) or under fredy annuitizable saving (D). Fredy annuitizable here
means that annuities can be purchased one year a atime, receiving the annuity rate RLx if the person
survives, without being congtrained to, for example, a constant real annuity. The plots C and D for the
borrowing- constrained case have been placed to the right of the corresponding non-constrained cases,
a the same scale, to facilitate comparison.

In both cases, the borrowing constraints do lower the overall equivaent for Socia Security. The basic
shapes, remain, however, and there seemsto belittle additiond difference by differentiad mortdity.
Bernhaeim's conclusion, namely, that actuarid discounting is much less accurate than Smple discounting,
dtill gands up in the amended verson, namdly, that discounting at the rates used to calculate annuitiesis
more accurate than discounting using differential mortdities.

VII. Bequests

Bernheim (1987) mentioned that bequests would invaidate smple discounting but did not ded further
with that issue. Jousten (2001) andyzed the effect of bequests, finding that a bequest motive would
move the correct discounting from smple discounting toward actuarid discounting, and that a strong
enough begquest motive would make actuarial discounting accurate.

For amplicity, | ded in the following bequest vauation smulations only with aworld in which annuitized
saving is not available or is never considered an attractive aternative to leaving accidental bequests.™
The wedlth congraint is Wk, computed using the market return discounts R All asset accumuletions are
bequeathable. Under the utility specification that has been used so far, these assats left behind at death
had no vaue. It isplausible, however, that most people do not downrate accidenta bequests so

It should be possible to model annuitized saving vehicles that compete, through their higher returns,
with bequeathable but lower-return regular savings. Full modeling of the question, however, should
include the contribution to utility of baances held as precautionary savings.
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severdly, snce the assetswill be of useto their children or other recipients, and that they have in mind,
when they build up and then draw down their assets, that their own consumption reduces the
consumption of their herrs.

The bequest motive specification used here adds to the lifetime utility at each age x afunction of the
bequesthable assets at that age, kx, weighted by the probability of desth occurring that year:

U= Sx{ DxMx U(Cx) + R« [Mx'Mx+1] é éx Kx }

The easiest factor in the added term is the probability of death during the period. If the chance of
surviving to the beginning of age x is My, and the chance of surviving to the end of age X is Mx+1, then
the chance of dying during age X iS Mx-Mx«+1.

The remaining factors could be summarized as a bequest motive linear in kx and the probability of ky's
being a bequest:

U = SX{ DXMX U(Cx) + é-x [MX-MX+1] kX } .

Thiswould be, a least superficidly, a"joy-of-giving" bequest mative, in which the utility of the bequest
is determined entirely by the amount given and not by consideration of what it might be worth to the
recipient. (Hurd (1989) and Jousten (2001) also use bequest motives linear in k.) The view taken here,
however, will be that there is a deeper sructureto a.: it is areduced form parameter that can
incorporate such consderations as the usefulness of the bequest to its recipient and how much the
bequestor takes this usefulness into account. (Abd and Warshawsky, 1988, apply asmilar view.) The
coefficient ax will be split into three components:

é~xkx:Rxéé* Kx.

This formulation reflects an assumption that the value of a bequest from a person at a given age bears
some relation to the vaue of a gift to a person of the same age. A $1 gift to a person a age x would
increase that person's utility by R« €, where € isthe dollars-to-utility lagrangian multiplier for that
person, which in the CRRA specification is afunction of the person's wedth and the CRRA parameter
a. A gift of $k to the person would be worth about R, € ki, especidly if kxissmdl rdaiveto the
person's lifetime wedth.

Thevaue of agift of kx from the person is by anaogy assumed to be R € €* k,, where €* isthe
dollars-to-utility multiplier for the presumed recipient and € is a step-down factor equal to 1 for a
perfectly dtruistic bequestor who does not adjust for, among other things, the greater wedth of
recipients of later generations. (Absence of abequest motive is modeled by setting € to 0.) The
presumed multiplier €* could be set equd to the bequestor's own multiplier €, but more redigticdly it is
parameterized to lie somewhere between the bequestor's multiplier and the population average €ag. A
€* closeto the population average has the plausible consequence that high earners leave more
accidental bequests than low earners.

In the smulations presented here, €* and €4 are calculated at the pre-transfer wedths of the
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population and do not change when transfers are included. The smulations aso do not factor in the
bequests received by each person. The latter should be included even when there is no bequest motive,
since aslong as some assets are not annuitized there will be accidental bequests in the Sarting
endowment of each generation. These accidental bequests, however, are random variables, and do not
fit wel in the deterministic framework of thisandyss.

Other refinements could include factoring in the possibility that recipients might not be able to fully
anticipate bequests on average, or that recipients are borrowing constrained, both of which would
reduce the utility of the bequest when it did occur.

Theinterest rate discount Rq was also used by Jousten (2001). Jousten (1999) goes into this question
in gregter detall in the context of modeling both gifts and bequests. A discount rate higher than the
market rate would lead to making transfers as early as possible. A discount rate lower than the market
rate would lead to as much postponement of transfers as possible, extending to the use of trust fundsto
make the trandfers after death. A discount rate equa to the market rate makes the timing of the
transfersirrelevant.

The largest questions surround the size of the bequest motive parameter €. Although everyone might
agree that it is nice to leave some assets behind, it is not clear how vauable they are relative to the old-
age consumption that has to be foregone to leave larger bequests. Some prima facie evidence agangt
alarge value to bequestsis the fact that the U.S. Socid Security system pays only aminima bequest
amount, an amount which has been dlowed to dwindlein red vadue over time. The vaue of alarger
lump-sum benefit (abequest of sorts), apparently, isfet to be smal rdaive to the reduction in surviving
worker or widow benefits that would be needed to pay the costs of the increased death benefit.

If the bequest mative is large enough, savers will plan on leaving positive assats at the maximum
attainable age (here, age 100). This brings a new wrinkle to the computation of optima consumption
paths, ance for savers with pogtive termina assets the totd lifetime consumption is less than, rather than
equd to, lifetime wedth. The optima consumption path in these cases turns out to be independent of
the bequestor's own wedlth (except to the extent that the €* term depends on the bequestor's own
wedlth). Optimizing requires checking this uncongtrained path and, if the termina assets are negative,
iteratively recomputing the path until the termina assets are O, an iteration thet is quite feasble on the
smulation sample™

YFor lifetime utility
U = Sx DMy U(Cx) + Sx Rx [Mx-Mx+1] €€* k¢ + Ryl tkr,
the margnd utility of consumption, usng dkyx/dc; = - R/Rx for x 3 t,is
dU/dc: = DM: U(G) - Swet Re [Mx-Mxs1] 88* R/Ry
= DM U(c) - €é* RM;

b u(c)= RIDM; 8&* M.
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In those cases in which termina assets are pogtive, the only effect of achangein Socid Security
transfersisto change the bequests: the consumption peth is unaffected. For these savers, the lifetime
Socid Security transfer Imply adds to the expected bequest if the transfer is poditive or subtracts from
it if the trandfer isnegative. The correct surviva probability for determining the expected transfer isthe
differentiated surviva probability My: the longer a person actudly lives, the more Socid Security benefits
will be accumulated and |eft to the heirs. The Socid Security transfers therefore affect lifetime utility
directly through the bequest motive terms rather than indirectly through the lifetime budget congtraint and
consumption. As Jousten pointed out, the actud surviva probabilities enter the calculation in this way
even when savers do not annuitize.

If the bequest motive is not quite Strong enough to cause positive termind capitd, the lifetime utility will
gtill partake of this effect. Some of any change in lifetime utility will be due to the changein utility from
consumption operating through the budget congraint, but some will till be due to changesin the
accumulation of accidenta bequests and will depend on actud surviva probabilities.

The utility for four bequest motive simulations are displayed in Figure 9.° A smdl bequest mative (€ =
0.2) with €* equal to the bequestor's € is shown in Figure 11A. The other three cases are for large
bequests motives (€ = 1) at the bequestor'sown € (9B), at aé* halfway between each bequestor's
and the population average (9C) and at the population average (9D). Comparing these to the

If the bequest motive is weak enough that the termind capitd is zero, there will be an additiond
component of the margind utility trgectory attributable to the multiplier on termind capitd:

U'(Ct) = R/DM¢ ( eex Mt +1 T )

But for a strong bequest motive, termina capital becomes positive, 1 + goesto zero, and the margind
utility trgectory smplifiesto

u'(c) = RMJ/DM; éé* = R/D; éé*
which isindependent of wedth and mortdity unlessthey affect €*.
Compare this to maximization without bequest vauation but with perfectly differentiated annuities:
U = Sx DMx U(cx) + € Sx RMx (Yx - )
b u(c)=RMJ/DM: & = R/D: & ,

which is optimized with positive & and kr=0. If in the bequest valuaion problem €é&* were exactly at
the level where kr=0, the two problems would give €€* =€ and identica consumptions and utilities.

I haven't worked out the computations yet for equivalent variations with a bequest motive,
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corresponding non-bequest-motive plot (Figure 7A, on adifferent scale) it is apparent that alarge
bequest motive lowers the value of the Socid Security transfers, making them negative at higher
incomes. The bequest motive aso introduces clear differentid mortdity effects, particularly when (case
D) therecipient €* is assumed equa to the population's, which causes wedthy saversto place ahigh
vaue on bequests relative to their own consumption. The similarity between Figure 9B and Figure 4C is
griking, and confirms Jousten's theoretica finding that for a sufficiently strong bequest mative the
actuaria vauation gives a correct indication of the utility. Figure 9A, with aweak bequest motive, is
much closer to Figure 4A, discounting without surviva probabilities.

There are anumber of features of a strong bequest motive like that behind Figures 9B through 9D that
should give pause, however. Firdt, astrong enough bequest motive, if widespread, could lead to a sort
of bequest bubble, in which an increasingly large bequest is passed on from generation to gereration
until some generation finaly decides to consume it a a much-reduced margind utility. One of the
peculiarities can be seen by imagining the introduction of a pay-as-you-go Socia Security system when
a strong bequest motive iswidespread. Initialy, anew tax islevied on the young and given to the old as
benefits. Because the strong bequest motive is operative, no one's consumption changes. The old,
given more benefits, Smply add them to their assets, increasing their bequests. The young pay the
additiona taxes but do not reduce their consumption, lowering their assats at first but replenishing them
later, & least on average, from their newly augmented bequests. The young will, in turn, later receive
larger benefits, paid through their children's larger taxes but returned to their children through larger
bequests. Although no one's consumption changes, everyone's utility increases, because under the
bequest motive the larger bequests generate higher utilities. This makes for an unusud justification for
pay-as-you-go Socid Security.

The strong dependence of the Figure 9 results on the begquest term can be seen from Figure 10, in which
only the change in utility from consumption is plotted. Other formulations of an dtruistic bequest motive
are possible in which the utility taken into account by the bequestor depends on the amount by which
the heirs can be expected to actudly increase their consumption as aresult of the bequest. The
parameter €*, in other words, should redly only reflect the change in the heirs consumption utility from
each dollar of bequest. Any tendency to increase bequests at the expense of consumption would be
sdf-limiting, since a bequest bubble would be associated with aé€* of 0.

Figure 10 dso reminds us that there is a sort of double counting in the imputation of the bequest motive
utility to the bequestor. Lifetime utility with a bequest motive is intended to explain saving behavior
more accurately. That the saver is acting to maximize this utility, however, does not mean that the
lifetime utility being maximized is entirdy the saver's own utility. Implicit in the notion of dtruism isthat
the utility being maximized include's other peoplées utility, and a summeation of changesin utility over a
steady State population, or aplot of the changes, needs to disentangle the utilities actudly achieved by
members of the population from the utilities aimed at on their behaf by other members of the population.

A closdly related question arises with regard to equivaent variations. When utilities are nested or
interdependent, shouldn't equivaent variations be caculated smultaneoudy as a vector of variations,
one for each member of the population in each generation? If avector of expenditures E" is that vector
that alows each member to attain utility U', taking into account the expenditure that each other member
is given, then the equivaent variations, even in the presence of an dtruistic bequest motive, should move
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back toward an indication of the changes in each member's own utility from consumption.

There are, in sum, many fascinating questions to be resolved before we can begin to sate with
confidence what the effects of a bequest motive are on the vauation of Socid Security benefits.
Beguests do provide a mechanism by which mortality differentids might enter into the proper vauation
of benefits even in the absence of perfectly differentiated annuities. But whether the effect is negligible,
asinHgure 9A, or large, asin Figure 9B, is, for once, not just an empirica question, but one that
requires further sorting out of the theoretical questions.

VIII. Conclusion

For the calculation of Socid Security money'sworth, it is clear that some attention must be given to the
implicit dternative to Socid Security, and that the effects of differentia mortdity will depend on the
dternative chosen. Conventiona money's worth caculaionstypicdly use dl the mortdity differentias
that can be gpplied, and therefore implicitly assume that annuities with the same differentids would be
avalablein the dternative. If |less differentiated annuities would be available, such as unisex annuities,
then a utility analys's suggests that the unisex mortdities should be used in the money's worth
cdculations, even when people take more accurate mortditiesinto account in their consumption
planning. By the same argument, if annuities would not be avalladle in the dternative, then the money's
worth caculations should use Smple discounting, without adjustment for mortdity.

All three varieties of discounting are easy to compute on smulation files with actud earnings and benefit
data, even without recourse to utility modding. A utility modd of optima saving and consumption,
however, brings additiona capabilities. 1t can be used to modify the money's worth calculations to take
into account less than optima annuitization payments when savers are congtrained from borrowing
agang overly high annuities. Exploratory smulations of the vaue of Socid Security under such a
congraint, however, indicate that while the overal vdue is lowered dightly, mortdity differentias do not
play much of arole.

A utility model that includes a vaue for bequests shows much greater scope for introducing differentia
mortdity effects A modd of thisform, implemented on asmulation file, shows a differentid mortaity
effect much like that of the conventiona money's worth calculaions that assume perfectly differentiated
annuities, even when the implicit aternative assumes no annuities. Achieving this effect, however,
requires a trong parameterization that might not be redigtic. Weaker parameterizations of the bequest
motive show results much like that for borrowing congdraints: the overdl vaue of Socid Security can be
reduced, but the differential mortaity effects themselves appear weak. There are severd open
questions, however, about the strength and vauation of bequest motives that prevent any firm
conclusons.
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Appendix: Data and Methods
Smulation sample

The current sample consists of malesin the 1993 and 1994 Census SIPP survey who reached age 62 in
1992 and who have successful matches to administrative data records on earnings. There were 301
maesin the garting sample. Three had no earnings and were ddeted, leaving 298 maes with some
earnings between ages 21 and 69. Of the 298, 9 had too few years of earningsto be insured for Socid
Security. Ther taxes were included in the steedy-state payroll tax calculation but they were excluded
from the utility analysis. Another 14 had earnings starting after age 30. Their taxes and benefits were
included in the steady-dtate ca culation but they were excluded form the utility analysis because they
would have caused difficulties with borrowing constrained solutions.

Earnings

The sample earnings were nomind covered earnings up to each year's taxable maximum. These
earnings were first converted to relaive wages by dividing by the nationa average wage indexing series
for each year. They were then reconverted into steady-growth nomina wages by multiplying by an
atificid national average wage series that had the same 1999 vaue as the actua average wage sevies
but grew before 1999 at the assumed steady-state nomind per-capita wage growth (the product of the
assumed real wage growth and the assumed steady price growth).

An artificid price index and red discount index were dso cadculated, using assumed steedy inflation and
interest rate assumptions. Both were set to 1.0 in 1999.

For the smulations here, the steady growth assumptions were 3.3 percent per year for prices, 1 percent
per year for real wage growth, and 2 percent per year for thered interest rate. Therate of steady-state
population and employment growth, used as described below to derive the steady- state tax rate, was
0.5 percent per year. The growth rate of the aggregate red wages was therefore about 1.5 percent per
year.

Benefits

Earnings before age 60 were indexed to age 60 using the artificid nomina wage growth series. The
highest 35 years of indexed earnings (including any unindexed nomind earnings after age 60) were
averaged together and divided by 12 to get an "average indexed monthly earnings' (AIME), which was
the bass for the primary insurance amount (PIA) in the benefit formula. A benefit formula close to that
in U.S. law was used. Two bendpoints were calculated equa to the monthly equivaent of .33 and 1.33
of the nomind wage index in the year the cohort turned 60. The PIA was equd to 90 percent of AIME
up to the first bendpoint, plus 32 percent of any AIME between the first and second bendpoints, plus
15 percent of any AIME above the second bendpoint.

The lifetime history of benefits was then caculatied from the PIA. A smplifying assumption of retirement

at 62 was used [in the current exercise] even for workers with earnings after age 62. The benefit at
each age, accordingly, was the PIA, reduced by 20 percent for early retirement, and price indexed for
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the growth in prices between the year the worker turned 62 and the year of the benefit. These nomina
benefits were calculated for each age through 100.

Mortality

Two sets of surviva probabilities were used: the st of life-table surviva probabilities L used to
determine the rate of return to annuities and the set of mortality-differentiated persond surviva
probabilities M used to adjugt individud lifetime utility for surviva probabilities.

The annuity-table surviva probabilities Lx were derived from the mortdity rates for the 1930 mae birth
cohort in the 2001 Trustees Report intermediate assumptions. [This heeds sometinkering. A unisex
surviva probability should be used, and will be used when women are included in the analyss]

Differential mortality

The persond survival probabilities Mx were derived from differential mortdities that use the SIPP
education variable for each worker in conjunction with differentia mortaity by education estimated by
Hilary Waldron (unpublished and provisond, but see Wadron 2001 for related work, including a
description of the sample and of amilar logit regressons).

Waldron used the 1973 Exact Maich file linked to administrative data on desths through 1997. Each
sample person provided pooled observations from 1973 through the year of death or 1997, whichever
came earlier. The regressions were logit regressions on a dependent variable of O for each pooled year
in which the person survived and 1 for the year in which the person died. The independent variables
included the year of birth, dummies for three education levels (less than high school, high school degree
or lessthan four years of college, and four or more years of college), and a series of linear age splines
from age 30 to 40, 40, to 50, and so on up to age 90. The three age profiles from the regression on
males, caculated for the 1930 mae birth cohort, are shown in Figures 1A and 1B. Figure 1A givesthe
log of the estimated mortdlity hazard, and displays a convergence toward equa mortality at age 90 that
is sometimes found in other differential mortality estimates. The highest of the three mortdity profiles
shown isthat for less than high school education; the lowest isthat for four or more years of college.
For the smulation, the three paths of mortality under age 30 and over age 90 (the bounds of the
mortality rates estimated by Waldron) were extended down to age 21 and up to age 100 using the
growth in the corresponding Trustees Report mortality at those ages for the 1930 birth cohort.

Differentiated survival probakilities Mx were cdculated from the differentiated mortality hazards gx. The
age 21 surviva probability was set to 1 and the probabilities for ages 22 through 100 were calculated
from that base:

My = M2 D™ (1 - o ).
Theresulting surviva probatilities are shown in Figure 1B. For survival probabilities the profiles reverse

position, the highest surviva probabilities are for four or more years of college. The surviva
probabilities shown in Figure 1B are the probabilities My used in the Imulations.
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The summed mortdity rates, Sx My, are 43.02 for less than high school, 46.03 for high school or some
college, and 50.07 for 4 or more years of college. The summed interest-discounted rates, Sx RMy, for
the same three groups are 31.69, 32.90, and 34.52.

[In later work, these differentiated surviva probabilities will be scaled so that survival probabilities
averaged over the education groups in the sample at each age and sex matich the overdl surviva
probabilities by age and sex Lx.]

Seady-state pay-as-you-go taxes

To caculae the payroll tax necessary to sustain the benefitsin a pay-as-you-go system, the aggregate
covered earnings and benefitsin a representative year are needed. Thetax rateisthe ratio of aggregate
benefitsin the representative year to aggregate covered earningsin the representative year.

The sample life higtories are for a 1930 birth cohort, and show the nominal earnings and benefits for that
cohort. The age 21 amounts, for example, give the nomind vaues for the 1930 birth cohort in 1951,
the age 69 amounts give the nominal amounts for the 1930 birth cohort in 1999, and the age 99
amounts give the nomina amounts for the 1930 birth cohort in 2029. If the representative year is 1999,
we need the age 21 amounts for the 1978 birth cohort and the age 99 amounts for the 1900 birth
cohort.

If per-capitareal earnings are growing at a seady rate g and prices are growing &t rate p, the 1978
birth cohort a age 21 (in 1999) will have nomina earnings that are [(1+g)(1+p)]*"®**** higher than
those the 1930 cohort had in 1951. [If the steady- state population is growing a the rate n, there will be
[1+n] **"***** more workers in the 1978 cohort than there were in the 1930 cohort. The age 21
earnings amounts in the 1930 sample, therefore, were scaled up by atota of [(1+g(1+n))(1+p)]

Smilar scding was for earnings at dl ages (including earnings, not in this exercise, after 1999). Findly,
the earnings at each age was adjusted for the probability of having survived to that age, usng the
differentiated probabilities Mx. Here the differentiation is quite appropriate, Snce an aggregate cash
vaue, not awdfare vaue, isbeing caculated. [In further work a dight adjustment will be made
reflecting that fact that |ater generations have higher surviva probatilities than earlier generdtions. This
cannot be done exactly, Snce increasing longevity nudges the system out of a proportiona growth
framework, but a close gpproximation to the effect of increasing longevity on a pay-as-you-go tax rate
should be easy to achieve]

1978-1930

If nomind earnings are growing at rate g+p, the AIME for each succeeding cohort will dso grow at that
rate, scaling up the ensuing benefits proportionately. Although a cohort's benefits after age 62 rise only
a theinflation rate p rather than the nomind growth rate p+ g, and therefore fdl rdaive to the earnings
of current workers, the benefits of one cohort relative to the benefits at the same age for the preceding
cohort fill rise @ therateg. The scaing of the 1930 cohort nomind benefits was therefore exactly the
same as for earnings. earlier benefits were adjusted upward by [(1+g)(1+n)(1+p)] relativeto later
benefits. Surviva probabilities were incorporated in the same way.

Three discounting series are calculated a the beginning of the smulation, Vg, Vp, and Vn, dl darting at
avauein 1951 higher than 1.0 and shrinking down toward 1.0 in 1999 through successive



multiplications by the factors 1/[1+g], 1/[1+p], and 1/[1+n]. The 1999 aggregates for the smulation
sample are then

AQYEAN = Sn Sy Mnx * Vg(1930+x) * Vp(1930+x) * VN(1930+X) * Ynx.
AQYBEN = Sn S Mnx * Vg(1930+x) * Vp(1930+x) * VN(1930+X) * bnx.

Here ynx and bn x are the nomind earnings and benefits & age x for person n in the sample. The
steady-state pay-as-you-go tax rate is

taxrate = AggBen/ AggEarn.
For the current sample of 1930 maes with worker benefits only, the steady-state rate is 11.7 percent at
(9=.01, n=0.005, p = 0.033). A higher growth rate would give alower tax rate. Theinclusion of
women in the sample together with the calculation of couples benefits would raise the necessary tax rate.

Regular or annuitized utility maximization

For no borrowing congraints and no bequest vauation, the utility function augmented with amultiplier
on the condraintsis

U=SxDMxu(c) +€ { Sx RLx yx [+ tx] - SxRLxCx)
= SxDMxu(cy) +€ { WrL - SxRLx Cx)

where the tx isthe net Socia Security transfer. For the non-annuitized saving problem, replace RL
everywhere (here and below) by R. For perfectly-differentiated annuities, set L equa to M
everywhere.
The solution uses

U(ce*) = & = RLy/DMy Ere.

o = 6r " (RL/DMy ) ™8,

Whre = Sx RLx 6¢* = r. ™ Sx RLx ( RLJ/DMy )2,

€r. @ = Wre /{ Sx RL« ( RL/DMx )"2}.

8rL = WrL™ { ScRLx ( RL/DMy )™},

o = Wee ( RL/DMx ) /{ S« RLx ( RL/DMx )™ ®}.

Equivalent variations
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UrL = Sx DMy & /[ 1-8]
= S« DMy & o/ [1-8 ]
= Sx DMy [RLx/DMy éri] ox / [1-8 ]
=€r. SxRLx &/ [1-3]
= ér /[1-8] Wkt
= Wr"?{ SxRLx ( RLJ/DMyx)"3}?/[1-4]
= Kre Wr"?/[1-8].
Thisis eadly inverted into the expenditure needed to attain Ur.:
Ere = ([1-8] Ure / Ky )"0,

If U and U" are the utilities without and with the transfers, then the expendiiture equivaents are
(dropping, for convenience, the RL subscriptson E, U, K, T, Y, and W)

E’ = ([1-8] U°/ K)"*,
E'=([1-a] U'/ K )"
= B U
E-E’ = { [1-4] U'/ K )" ([1-8] U0/ K )"0}
=B (U 1),
The proportiond equivaent variaion is given by that multiple of origind wedth that gives the new utility:
U = K (W)"¥/[1-4]
U' = K (kw%)?/[1-8]
=k U
k = (UYU°) A,
Note that the equivalent wedth variation in terms of k is
E-E=E(k-1).
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When gpplied to the problem without borrowing congraints, the equivalent variation is equa to the net
transfer,

E-E’=T,
and the proportiond variation is equd to theratio of the net transfer to lifetime earnings,
E-EVE =TIY.
Proportional variations, a=1 utility, and mortality differences
In comparing equivadent variations between two persons with different lifespans, the shorter lifespan will
haveasmaler E, E', and E-E, other things being equal. 1t will not necessarily have asmaller
proportiond variation. Infact, snce
U =K W"¥/[1-4],
U = (W'wW°)?,
only that part of the mortdity difference that affects W will be present in the proportion.
U={ SxRLx ( RL/DMx)"*}* W*?/[1-4] .
Asa gpproaches 1, the part in pointy brackets smplifies. The other part behaves like log W:
U@=1) =log (W) { Sx DMx}.
The annudlized utility, dividing lifetime utility by Sx DMy, therefore approaches
U(E=1)/{ SxDMx} =log W.
The difference in annudized utility is
U'- U° =log (W'W°).
Borrowing constraints
Capital each period can be calculated as
RL: Kt = Sx<t RLx (Yx [+ tx] - Cx).

The capita from the optima path is checked for negetive vadues. If any are found, consumption is
iteratively re-optimized by segment, setting where necessary k: to 0 and ¢: to RL«-1/RL: ki1 + yi.

Quasi-equivalent variations
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For the borrowing congtraint smulations, an equivaent variation is not calculated. Insteed, the
equivaent variation formula from the unconstrained problem is used as a utility index. I.e, U’ and U
are calculated under borrowing constraints, and then E'=E(U"), E° = E(U°), and E™-E° are calculated
using the unconstrained formula applicable under esch individual's mortdity. In general E° under this
procedure will not equa Y, but | have assumed, without checking, that E-E° gives a satisfactory
gpproximation to the variation that would be calculated using constrained expenditures.

1

Bequest valuation

As described in the main text, the uncongtrained path is first calculated with
u(c) =a R/D:.

If the termind capitd
kr = URr Sx Rx (Wx [+ tx ] - ¢ )

is negative, then the utility trgectory
u'(c) =R/DM; (i T +a M)

issolved for that T 1 that makes termina capital kr = 0. Thefird derivative
dkr/di T = 1/8 Sy R/DMy { RIDMy (1 1+ & M) } 727

is used iteratively to help solvefor i .

The linear bequest parameter & is given by

a=6,6,6x,

In these smulations, €4 isset to 1 and € to either 0.2 or 1.0. The factor €* isset equd to
e =8%+4 (8%qg-89

where €° isthe W regular saving multiplier for the person and & %q is the sample average of dl such
multipliers.
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Net actuarial value with differential mortality
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Figure 3: Net Lifetime Transfer
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Figure 4: Net Transfers as Proportion of Lifetime Earnings
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Figure 5: Equivalent variations, risk-aversion coefficient near 1
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Figure 6: Equivalent proportional variations, risk-aversion coefficient near 1
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Figure 7: Lifetime utility change, risk-aversion coefficient near 1
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Figure 9: Lifetime utility change with bequest motive, risk-aversion coefficient near 1
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Kappa is bequest-strength parameter (0 = no bequest motive, 1 = perfect altruism).
Alpha: 0 = bequest based on own wealth, 1= bequest based on population average wealth.
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Figure 10: Lifetime Uc change with bequest motive, risk-aversion coefficient near 1
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Kappa is bequest-strength parameter (0 = no bequest motive, 1 = perfect altruism).
Alpha: 0 = bequest based on own wealth, 1= bequest based on population average wealth.
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