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Individual Risk in an Investment-Based Social Security System

By MARTIN FELDSTEIN AND ELENA RANGUELOVA*

The rapid aging of a population creates sub-
stantial financing problems for existing pay-as-
you-go Social Security programs. Governments
around the world are therefore considering
shifting completely or partially to investment-
based defined-contribution plans in which em-
ployees contribute a fraction of their wages to
individual accounts, invest the funds in a com-
bination of stocks and bonds, and use the accu-
mulated assets to finance a retirement annuity.
Some governments have already made this
shift. Such prefunded programs offer the pros-
pect of financing future retirement benefits with
substantially smaller sacrifices during working
years than the taxes that would be required in
traditional unfunded pay-as-you-go (“paygo”)
programs. Prefunded programs have the poten-
tial disadvantage, however, of exposing retirees
to the uncertainty associated with the variable
returns on stocks and bonds. Despite the impor-
tance of this issue, there has been no analysis of
the magnitude of the risk to which retirees
would be exposed in a system of individual
defined-contribution accounts.

The analysis in this paper takes the pay-as-
you-go benefits promised in current law (essen-
tially a continuation of current replacement
rates) as the benchmark and shows that the risk
that future retirees would receive less in a pure
defined-contribution system, than this “bench-
mark” level of benefits, would be relatively
small at savings rates that would be substan-
tially less than the future paygo tax rate that
would be required to fund that benchmark level
of benefits. This pure investment-based plan is

* National Bureau of Economic Research, 1050 Massa-
chusetts Avenue, Cambridge, MA 02138. We are grateful to
Andrew Abel, John Biggs, John Campbell, Jeff Liebman,
Gilbert Metcalf, James Poterba, Antonio Rangel, Andrew
Samwick, Kent Smetters, and Larry Summers for discus-
sions about this subject. We are also grateful for comments
from participants in various NBER meetings on Social
Security. An extended version of this paper is available on
the NBER web site at www.nber.org/papers/w6839. A ver-
sion based on earlier official actuarial estimates was circu-
lated in 1998 as NBER Working Paper No. 6839.
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an extreme case; the investment risk can be
reduced by using a mixed system that combines
pay-as-you-go and investment-based compo-
nents or that makes intergenerational trans-
fers conditional on the performance of stock
and bond prices (Feldstein and Ranguelova,
1998).

1. Defined Contributions vs. Defined Benefits

Paul Samuelson (1958) established the well-
known result that individuals in a paygo system
earn an implicit rate of return in a steady-state
equilibrium equal to the real rate of growth of
the Social Security tax base, i.e., the sum of the
growth rates of the labor force and real wages.
The introduction of a new paygo plan provides
an immediate windfall to those who are already
retired or who will soon retire because they
receive benefits with little or no previous con-
tribution. Subsequent increases in benefits fi-
nanced by higher tax rates provide similar
windfalls to those who are then retired or soon
to be retired. When program expansions can no
longer provide such windfall gains, the implicit
return of a paygo program eventually decreases
to the Samuelsonian rate of aggregate wage
growth. For the United States, this has averaged
2.5 percent over the past 30 years.

The return earned by any particular birth co-
hort will vary from the steady-state rate in re-
sponse to changes in the ratio of retirees to
workers caused by changes in labor force par-
ticipation, birth rates and death rates, and the
ratio of taxable wages to total compensation,
including fringe benefits. Steven Caldwell et al.
(1998) estimate that current Social Security
rules imply that the real rate of return on Social
Security contributions will be 2.4 percent for
the generation born right after World War II but
only about 1 percent for those born in the
1970’s and essentially zero for those born at the
end of the 1990’s. Because of the aging of the
population, the Social Security actuaries (Board
of Trustees, 1998) estimate that the current
12.4-percent tax rate will have to increase to
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more than 18 percent by the year 2035 to main-
tain the current benefit~wage replacement rates.

This combination of low implied rate of
return for current and future taxpayers and the
prospect of a substantial increase in future
Social Security tax rates has stimulated inter-
est in investment-based alternatives to the
current pay-as-you-go system. The funda-
mental economic difference between the
two approaches is that the investment-based
system involves an initial reduction of na-
tional consumption and a concurrent increase
in the national capital stock. The rate of re-
turn in an investment-based plan is therefore
the marginal product of capital, a number
substantially greater than the rate of growth
of aggregate wages. Note that the relative
advantage of an investment-based plan de-
pends on the marginal product of capital rel-
ative to the growth rate of wages and not on
the return on equity investments relative to
the return on government bonds, as some
have suggested.

A simplified calculation indicates the large
effect of this difference in rates of return on the
cost of funding retirement benefits. Assume an
overlapping-generations framework in which
there are T years between generations. In the
paygo system, individuals receive benefits T
years after they pay tax; in the investment-based
system, individuals spend their accumulated as-
sets T years after they make the savings deposit.
If the implicit rate of return in a paygo system is
denoted y = n + g, where n is the growth rate
of the labor force and g is the rate of growth of
average wages, the Samuelson (1958) analysis
implies that each dollar of retirement income at
time T requires a tax payment of e "7 dollars at
the earlier contribution date. Similarly, if p is
the marginal product of capital, each dollar of
retirement income at T requires a contribution
to a personal retirement account (PRA) of ¢ ~#7
at the contribution date. The ratio of the PRA
contribution to the paygo tax payment to fi-
nance the same benefit 7 years later is e ~?'7.
With y = 0.025, p = 0.085, and T = 30 years,
e~ PT = 0.165, i.e., each dollar of tax pay-
ment required in a paygo system can be re-
placed by just 16.5 cents in a funded program
with an 8.5-percent rate of return. The 18-
percent future payroll tax rate projected by the
Social Security Administration could in princi-
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ple be replaced by a funded program with man-
datory contributions equal to 3 percent of
earnings.

This comparison of the potential long-run
gains from switching to an investment-based
system' ignores not only the risk issues that are
the subject of this paper but also questions about
(1) how the paygo benefits are financed during
the transition to an investment-based system,
(2) the administrative costs of an investment-
based plan, and (3) the distributional conse-
quences of substituting an investment-based
plan for an existing paygo system. These issues
are discussed extensively elsewhere (Feldstein,
1996; Peter Diamond, 1997; Feldstein and An-
drew Samwick, 1997, 1998a, b; Laurence Kot-
likoff, 1998; Feldstein and Jeffrey Liebman,
2001; and John Shoven, 2000) and will not be
considered here.

II. An Investment-Based Defined-Contribution
Plan with Variable Annuity Benefits

This section describes a system of PRAs in
which a representative individual accumulates
assets that are converted to a variable-rate an-
nuity at the time of retirement. Individuals who
die before retirement remain in the annuity pool
(although alternative bequest rules are possible,
as explained in Feldstein and Ranguelova,
1999). The representative individual enters the
labor force at age 21 and retires at age 67 (if he
is still alive). For the sake of concreteness, we
use the economic and demographic projections
of the Social Security Administration (Board of
Trustees, 1998) for the cohort reaching age 21
in 1998. We assume that the representative in-
dividual has his birth cohort’s average earnings
at each age and experiences the cohort’s age-
specific mortality rates.

In the defined-benefit plan specified in cur-
rent Social Security law, an individual with
such average earnings experience would receive

! There is a present-value gain at the time of the switch
if corporate and personal capital income taxes cause the
net-of-tax rate, at which individuals discount future con-
sumption, to be less than the marginal product of capital.
There is no present-value gain if this tax wedge is ignored
and the rate of discount is assumed to be equal to the
marginal product of capital; see John Geanakoplos et al.
(1998) and Kevin Murphy and Finis Welch (1998).
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a benefit at age 67 equal to 40 percent of his im-
mediate preretirement wage. The full defined-
benefit benchmark in our simulations is a
multiple of this amount that reflects benefits for
a spouse or other dependents as well as disabil-
ity benefits. Instead of modeling such additional
benefits explicitly, we use a multiple of the
individual benefit such that the implied aggre-
gate Social Security benefits in each year, be-
ginning in 2030, is equal to the aggregate
benefit projected by the Social Security Admin-
istration. The aggregate benefits projected in
this way, together with the aggregate wage in-
come projected by the Social Security Admin-
istration (Board of Trustees, 1998), imply that
the paygo tax rate required to pay benefits will
be 18.4 percent when the cohort that we study
retires (in contrast to the current tax rate of 12.4
percent). These assumptions about future de-
fined benefits do not affect the projected be-
havior of the defined-contribution annuities
but provide a benchmark for comparing the
relative costs of defined-benefit and defined-
contribution programs.

With a defined-contribution plan, the individ-
ual contributes a fixed percentage of wages each
year to a PRA; we will examine the implications
of different saving rates from 4 to 9 percent
(i.e., up to half of the long-run paygo tax rate of
18.4 percent). The individual invests these sav-
ings in a portfolio that is continually rebalanced
to maintain 60-percent equities and 40-percent
debt, a ratio that corresponds approximately to
the debt—equity ratio of U.S. corporations, so
that the portfolio rate of return corresponds to
the return on corporate capital. At retirement,
these accumulated assets are used to finance a
variable annuity in which annual benefits vary
with portfolio performance in a way described
below.

We use the S&P 500 index and a Salomon
Brothers corporate bond index as proxies for the
stock and bond investments. Both indices are
assumed to follow a geometric random walk
with drift. This implies that the log returns for
each type of asset are serially independent and
identically distributed with given mean and
variance. Thus if p,(s) and p,(s) are the log
levels of the equity and bond indices at time s,
we assume p,(s) = p(s — 1) + u, + u,(s)
and p,(s) = p(s — 1) + p, + uy(s), where
u, ~ iid. N(0, 0?) and u, ~ iid. N(O, o).
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The covariance between the stock and bond
returns is o,p,.

With a continuously compounded 60:40
equity—debt portfolio, the log level of the overall
portfolio would, if there were no additions or
payments, satisfy p(s) = p(s — 1) + u + u(s) with
u ~ iid. NQO, o°). (In practice, the value of the
PRA portfolio is also increased by the annual
savings of a fraction of the individual’s wage plus
the distributed share of the PRA balances of all of
those members of the age cohort who die during
the previous year; the explicit evolution is shown
below.) To derive the values of w and ¢?, we use
the lognormal property of the returns. More spe-
cifically, if w}is the mean return on asset i in level
form, the mean return on the 60:40 portfolio is the
weighted average pu* = 0.6 + 0.4} Because
we assume the log returns to be normally distrib-
uted, w¥= w; + 0.507. This implies that u +
0.56* = 0.6(u, + 0502 + 0.4(w, + 0.507),
where ¢ = 0.3607 + 0.1607 + 0.480,,. From
these two equations and the measured mean and
variance of the log returns on stocks and bonds,
we can derive the log return on the portfolio and
the variance of that return.

We use data from the Center for Research on
Securities Prices (CRSP) 1996 indices files.
These CRSP data for the postwar period from
1946 through 1995 imply that for stocks and
bonds the mean real log rates of return were 7.0
and 3.3 percent.> The corresponding standard

2 The mean portfolio return is essentially unchanged if
we use a longer time period from 1926 to 1997. The annual
bond rates of return are based on the Salomon Brothers
AAA bond returns adjusted to a more typical corporate
bond yield by adding two percentage points. Although there
are no comparable data on the annual holding period return
of lower-grade bonds, the variance of such bond yields
would presumably be higher and the correlation with equity
yields would also differ. We do not attempt to take these
into account. The effect of ignoring this would almost
certainly be small relative to the understatement of the mean
return that results from ignoring the additional corporate tax
revenue that the government receives because of the in-
creased capital stock. Estimates by James Poterba (1999)
imply that the corporate taxes on capital and capital income
collected by federal, state, and local governments is equiv-
alent to 3.4 percent of the incremental capital. The federal
corporate tax alone is equivalent to an additional 2.2-percent
return. Although a specific mechanism for crediting these
taxes is not considered in this paper, they should be recog-
nized as part of the return of an investment-based system.
See Feldstein and Ranguelova (1998) for a more complete
analysis of this corporate tax revenue.
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deviations are 16.6 percent for stocks and 10.4
percent for bonds. The covariance of the stock and
bond returns is o,, = 0.0081. Taken together,
these parameters imply a logarithmic rate of return
on the 60:40 portfolio of 5.9 percent with a stan-
dard deviation of 12.5 percent. We reduce the
mean return from 5.9 to 5.5 percent to reflect
potential administrative costs, more than the 0.2
percent charged now by major index funds or the
37 basis-point fee for the combined saving and
variable annuity product recently introduced by
Teacher’s Insurance Annuity Association-College
Retirement Equities Fund (TIAA-CREF).

In the analysis that follows, we recognize that
the adjusted mean real log return of 5.5 percent
for the portfolio during the period from 1946
through 1995 is only an estimate of the relevant
mean for future years. Our stochastic simulation
therefore uses a two-step procedure to simulate
the uncertain future annual returns. For each of
10,000 simulations, we began by generating a
mean real log return on the portfolio from a
normal distribution with a mean of 0.055 and a
standard deviation of 0.0175, which is equal to
the standard error of the estimated mean based
on the number of years in the sample. We then
used this estimated realization of the mean and
the standard deviation of 0.125 to generate an
80-year sequence of portfolio returns from the
year 1998 to 2077. We repeated this 10,000 times.

Although the equation for p(s) describes the
way that the logarithmic value of the PRA ac-
count would evolve during the accumulation
years if there were no external additions, in
practice the actual individual PRA account is
also augmented by the fraction, «, of the indi-
vidual’s wage and by the distributed share of the
PRA balances of those members of the cohort
who die during the year. We simulate this evo-
lution at the level of the birth cohort (rather than
of the individual) by M(s) = [1 + R(s —
DIM(s — 1) + aw(s) N(s), where M(s) is the
aggregate PRA balance for the cohort as a
whole, R(s) is the rate of return in period s,
N(s) is the number of living members of the
cohort, w(s) is average wage, and « is the share
of wages that is saved and contributed to the
PRA accounts. Because this equation is in level
rather than logarithmic form, 1 + R(s) =
exp[r(s)], where r(s) is the logarithmic rate of
return in period s implied by r(s) = p(s) —
p(s — 1) = u + u(s). Note that E[r(s)] =

FELDSTEIN AND RANGUELOVA: INVESTMENT-BASED SOCIAL SECURITY 1119

0.055 and the standard deviation of r(s)
0.125 imply that E[1 + R(s)] = E[e"]
eEr(s)+0.5crz = 1.065.

A. The Variable Annuity

We assume that this same stock—bond port-
folio is used to finance a variable annuity during
retirement. A variable annuity adjusts the an-
nual benefit according to changes in the value of
the accumulation account. More specifically,
the initial annuity benefit that is paid at age 67
(on an annuity purchased at age 66) reflects the
PRA assets at the beginning of the individual’s
66th year, the expected mortality rates at all
future ages, and the assumption that the future
return will be equal to the expected log return of
5.5 percent. No adjustment in the rate of return
is needed to compensate for the uncertainty
because individual retirees bear the risk of fluc-
tuations in the rate of return.

One year later, the size of the variable annu-
ity payment is increased or decreased from the
initial value in proportion to the change in the
market value of the PRA assets relative to the
market value that would have prevailed if the
expected 5.5-percent log return had actually oc-
curred. A similar revision of the annual annuity
payment occurs in each subsequent year.

To derive the explicit value of the variable
annuity, consider the individuals in a particular
birth cohort. Let the time index coincide with
the age of the cohort so that N, is the number of
individuals alive at age t. Let A4 be the value
of the PRA assets at the beginning of the 66th
year and let R be the expected annual real rate
of return on the portfolio of assets used to
finance the retirement annuity. The first annuity
benefit is paid at the beginning of the individu-
al’s 67th year and annually thereafter. The cost
at age 66 of a fixed real annuity of $1 for life is
the actuarial present value (APV) of that dollar,
with the discount rate equal to the expected real
rate of return on the investment portfolio:

100
APV = Y (N,/Ng)(1 + R)~ 9
t=67
where we assume that all individuals alive at
age 99 die at the end of the 100th year.
Because the PRA account has assets equal to
Age When the annuity is established, the annuity
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payment that the individual would receive in the
67th year is ag; = Age/ APV if the expected
return of R is actually realized in the 66th year.
More generally, if the expected return R is re-
alized in every future year, the individual would
continue to receive that same annuity payment,
and the accumulated assets at age 66 of all
members of that birth cohort would be ex-
hausted when the last member of the cohort died
at age 100.

In practice, of course, the actual rate of return
varies from year to year. The annuity payments
are adjusted in proportion to annual changes in
the asset value in such a way that the birth
cohort’s accumulated fund is still exhausted
over the 34-year retirement period. If R, is the
actual rate of increase of the asset value during
year ¢, the asset value at the beginning of the
cohort’s 67th year is Ag; = Agg(1 + Rgg). The
annuity paid in that year is therefore aq; =
(Ag/ APV)(1 + Rge)/(1 + R). Similarly, the
annuity at age 68 reflects the changes in the
market value of the assets during the 66th and
67th years: ag; = age(l + Rg7)/(1 + R) =
(Age/APV)[(1 + Rg)/(1 + R)II(1 + Rge)/(1 +
R)]. The last payment to those who are 100 years
oldis a,gy = ago(1 + Rgg)/(1 + R). Note that if the
rate of return in each period is equal to the ex-
pected rate of return, the annuity remains constant
at dg7-

III. Individual Risk in a Defined-
Contribution Plan

In this section, we assess the risk that an
individual might receive an unacceptably low
retirement annuity in an investment-based
defined-contribution plan. More specifically, we
estimate the distribution of annuity values asso-
ciated with different PRA saving rates and re-
late those annuity levels to the benefits currently
promised in the Social Security defined-benefit
paygo system. We refer to this level of future
benefits promised in current law as the “bench-
mark” Social Security benefits, mindful of the
fact that these benefits could only be provided in
a paygo system by increasing taxes substan-
tially and that there are many proposals to re-
duce actual future benefits. We use these
calculations to assess the extent to which indi-
viduals can reduce the risk of receiving a low
annuity by using a higher saving rate while still
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saving less than the amount that would be paid
in taxes in a pure paygo system.

Before examining the implications of the un-
certain portfolio returns, it is useful to note the
saving rate that would be required to fund the
future benchmark Social Security benefits if the
representative individual received the mean log
return of 5.5 percent both during preretirement
accumulation and retirement annuity. The annuity
is calibrated to correspond not only to the benefit
of the individual retiree but also to include depen-
dents’ benefits and disability benefits in a way that
matches the projected aggregate Old Age Security
and Disability Insurance (OASDI) benefits (as de-
scribed above). The payroll tax required to finance
these benefits in a pure paygo program is pro-
jected to rise to 18.4 percent of earnings as the
ratio of retirees to employees increases. In con-
trast, a 3.1-percent saving rate (as a percentage of
the same total earnings) would provide the same
benefits in a defined-contribution plan with a 5.5-
percent rate of return.

The variability of portfolio returns implies
that saving this amount will produce a retire-
ment annuity that either may exceed or fall short
of the benchmark Social Security benefit. To
assess the probability distribution of the annu-
ities, we generated the 10,000 simulations, de-
scribed above, of the 80-year sequence of
portfolio returns corresponding to the years
when the members of the birth cohort are aged
21 through 100. For each of these 10,000 time
series, we generated the path of PRA assets and
variable annuity payments corresponding to dif-
ferent saving rates varying from 4 percent of
earnings to 9 percent of earnings.

With a saving rate of 4 percent of earnings,
the median annuity at age 67 (in the 10,000
simulations) is 41 percent more than the bench-
mark Social Security benefit; see column 1 of
Table 1. In 66 percent of the simulations, the
annuity at age 67 (a¢,) exceeded the benchmark
Social Security benefit. But, in the worst 10
percent of the simulations, the annuity was less
than 52 percent of the benchmark Social Secu-
rity benefit. Because of this risk of a low annu-
ity, it would be prudent for individuals to save a
higher fraction of earnings.

Before looking at the implication of increas-
ing the saving rate, consider the corresponding
annuity distributions for older retirees. The me-
dian ratio of the defined-contribution annuity to
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TABLE 1—DISTRIBUTION OF THE VARIABLE ANNUITY PAYMENTS AS A FRACTION OF BENCHMARK SOCIAL SECURITY BENEFITS
BASED ON A MEAN LOG RETURN OF 5.5 PERCENT

Age 67 saving rate

Age 77 saving rate

Age 87 saving rate

Cumulative

probability 0.04 0.06 0.09 0.04 0.06 0.09 0.04 0.06 0.09
0.01 0.26 0.40 0.59 0.14 0.21 0.32 0.08 0.12 0.18
0.02 0.31 0.47 0.71 0.18 0.26 0.40 0.11 0.17 0.25
0.05 0.41 0.61 0.92 0.26 0.39 0.59 0.18 0.26 0.40
0.10 0.52 0.79 1.18 0.37 0.56 0.84 0.27 0.40 0.60
0.20 0.72 1.08 1.62 0.56 0.84 1.26 0.44 0.65 0.98
0.30 0.92 1.38 2.08 0.77 1.16 1.74 0.63 0.95 143
0.40 1.14 1.71 2.57 1.01 1.52 2.28 0.90 1.34 2.01
0.50 141 2.12 3.18 1.30 1.95 2.93 1.22 1.83 2.74
0.60 1.71 2.57 3.86 1.69 2.54 3.80 1.66 2.49 3.74
0.70 2.17 3.26 4.89 222 3.34 5.00 2.30 345 5.18
0.80 2.86 4.29 6.43 3.15 4.72 7.08 3.36 5.04 7.56
0.90 420 6.30 9.44 5.00 7.49 11.24 5.89 8.84 13.26
0.95 5.83 8.74 13.11 7.52 11.28 16.92 9.10 13.66 20.49
0.98 8.33 12.49 18.73 11.65 17.47 26.21 1543 23.15 34.72
0.99 10.43 15.65 23.48 15.18 22.76 34.15 21.42 32.13 48.20

the benchmark Social Security benefit declines
gradually as the cohort ages (1.41 at age 67,
1.30 at age 77, and 1.22 at age 87) but remains
substantially greater than 100 percent of the
benchmark. Similarly, the fraction of times that
the annuity would exceed the benchmark Social
Security benefit decreases monotonically with
age: from 66 percent at age 67 to 56 percent at
age 87. The annuity level at the tenth percentile
also becomes lower as the cohort ages, declin-
ing from 52 percent of the benchmark Social
Security benefit at age 67 to 37 percent of
benefits at age 77 and 27 percent at age 87. It is
clear from these figures that it would be desir-
able to consider a higher saving rate during
working years.

Increasing the saving rate to 6 percent
achieves a very substantial reduction in the risk
of low benefits as well as an increase in the size
of the annuity associated with average portfolio
performance. The median annuity at age 67 is
now 2.12 times the benchmark Social Security
benefit; see column 2 of Table 1. Because the
benchmark benefit for an individual retiree is
about 40 percent of preretirement earnings, this
corresponds to a replacement rate of 85 percent
of preretirement earnings.

The 6-percent saving rate reduces the proba-

bility that the annuity at age 67 is less than the
benchmark Social Security benefit to 17 per-
cent. There is only a 5-percent chance that the
annuity at age 67 is less than 61 percent of the
benchmark Social Security benefit.

Increasing the saving rate to 9 percent (still
less than half of the projected pay-as-you-go tax
rate) raises the distribution of benefits substan-
tially. There is a less than 10-percent chance
that the benefit is less than 1.1 times the bench-
mark level, and a less than 5-percent chance that
it is less than 92 percent of the benchmark
benefit.

This favorable performance continues at
older ages. The median annuity is nearly twice
the benchmark Social Security benefit at age 77
and 1.83 times the benchmark at age 87. The
probability of receiving an annuity that is less
than the benchmark benefit remains low, rising
from 17 percent at age 67 to less than 31 percent
at 87.

In considering these favorable distributions,
it is worth emphasizing that the paygo tax re-
quired to finance the benchmark Social Security
benefits that are used as the standard of com-
parison will rise to more than 18 percent during
the next 40 years. Individuals could instead
achieve much higher expected benefits and face
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only very little risk of lower benefits while
saving substantially less than the long-run
paygo tax rate.

A. A CRRA Expected Utility Evaluation

Although we believe that displaying the prob-
ability distributions of possible outcomes, as we
do in Table 1, is the best way to indicate the risks
and rewards of the alternative investment-based
options, we now present explicit summary calcu-
lations based on expected values of constant rel-
ative risk aversion (CRRA) utility functions. To
evaluate the PRA options presented in Table 1, we
consider a representative individual with expected
utility function

100

E[ul = E| 2 pB'~*u(C,)

t=21
and

u(C,) = (Ct' 7= 1)/(1 — ).

Here E is the expectation operator, p, is the
probability of surviving from age 21 to age ¢, B
is the factor at which utility is discounted over
time, and vy is the coefficient of relative risk
aversion. We did the analysis with a time dis-
count factor of 0.98; alternative calculations
with a greater time discount (8 = 0.96) and
with no time discount factor (8 = 1) had very
little effect on the results that we report below.
We recognize the restrictive nature of this spec-
ification. The function is additively separable
and the relative risk aversion in each period,
—u"c/u’ = v, is a constant and is independent
of age. Despite these limitations, these calcula-
tions may be useful to some readers as a sup-
plement to the direct information in Table 1.
We evaluate this function for a representative
agent who is age 21 in 1998. The individual
earns the age-specific wage for this cohort, as
projected by the Social Security actuaries, and
pays a proportional income tax equal to 20
percent of that wage. With a 6-percent rate of
PRA saving, the net income during the working
years from age 21 to 66 is 74 percent of the
gross wage. (Although we are looking at offi-
cially projected wages beginning in 1998, to
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avoid the complexities of modeling the transi-
tion we compare a fully phased-in PRA system
with the paygo system that would exist in the
more distant future.) The individual is assumed
to do no additional saving, making the con-
sumption in each preretirement year the same
74 percent of pretax wages, a feature that makes
the individual’s utility more sensitive to fluctu-
ations in the return to PRA saving. During re-
tirement, the individual’s consumption is the
variable annuity that is generated by the PRA
savings, as described in Section II, subsection
A. Similar simulations also were done for PRA
plans with saving rates of 4 and 9 percent. We
contrasted each of these to a paygo system in
which the tax rate is 18 percent, making net
consumption during the preretirement years
equal to 62 percent of preretirement income.
This paygo system is assumed to provide the
benchmark level of benefits prescribed in cur-
rent law during each retirement year, with no
uncertainty.

The coefficient of relative risk aversion is the
key parameter in this expected utility evalua-
tion. The values of vy inferred in the finance
literature from the difference between yields on
stocks and on “risk-free” treasury bills are im-
plausibly high, giving rise to the label “equity
premium puzzle.”? Instead of using these im-
plausibly high values, we used the following
mental experiment to help us decide on appro-
priate CRRA values.

The representative individual in our example
will reach age 67 in the year 2044 and will be
retired during the decades that follow. The level
of retirement consumption that the PRA will
provide at that time might be conservatively
approximated to be $40,000 in today’s prices;
the precise level does not matter for our exam-
ple. Consider two equally probable states of
nature. In the good state, the retiree has income
and consumption of $40,000. In the bad state, it

3 See, for example, Rajnish Mehra and Edward C. Pres-
cott (1985) and Narayana R. Kocherlakota (1996). The
difference between the equity yield and the yield on Trea-
sury bills has of course declined in recent years, implying a
lower measure of risk aversion. If the “riskless” security is
taken to be an asset with no credit risk and with a guaran-
teed long-term real return, the comparison should be the
recently created Treasury Inflation-Protected Securities.
These TIPS now have a yield of about 4 percent, not much
different from the earnings—price ratio on equities.
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is only $20,000. In the mental experiment, we
gave the individual the opportunity to increase
consumption in the bad state by one dollar by
agreeing to reduce consumption if the good
state occurs. We can infer the individual’s
CRRA v coefficient by observing how much the
individual would be willing to give up in the
good state to increase consumption in the bad
state by one dollar.

Any risk-averse individual (y > 0) would be
willing to give up more than one dollar in the
good state for one dollar in the bad state. If the
individual would give up two dollars in the
good state, but no more, to increase consump-
tion in the bad state by one dollar, we infer that
u'(20,000) = 2u’(40,000). Because the
CRRA form noted above implies u'(c) =
C'77, the condition that u'(20,000) =
2u'(40,000) implies that 2y = 2 or y = 1.

Similarly, we can infer that, if the represen-
tative individual is willing to give up four dol-
lars of consumption in the good state (when
consumption would otherwise be $40,000) to
have an additional dollar of consumption in the
bad state (when consumption would otherwise
be $20,000), the coefficient of CRRA becomes
v = 2. A representative individual who would
give up eight dollars in the good state for one
extra dollar in the bad state has a CRRA value
of y = 3.

Readers can decide what amount is reason-
able to assume someone would give up when
income is $40,000 for a dollar when income
would otherwise be $20,000. Without choosing
a specific value, we believe that the plausible
sacrifice amount would be less than eight dol-
lars and probably less than four dollars, i.e., y <
3 and probably y < 2.4

We drew 10,000 independent histories of the
80-year sequence (from age 21 in 1998 to age
100 in 2077) of returns on the PRA savings of
the representative individual and calculated the

“ These values of vy do not imply enough risk aversion to
explain why some households do not invest in equities.
However, many individuals may not do so because the cost
of learning how to invest in equities exceeds the extra return
on their very small amount of financial assets. Half of U.S.
households approach retirement age with less than $12,000
in financial assets. With $10,000 of investable funds, the
extra real return from investing in equities might be about
$400 a year.
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expected utility value associated with each
value of . Our calculations showed that the
PRA with a 6-percent mandatory saving rate is
preferable to the paygo for the relative risk-
aversion coefficient up to y = 3.4. With a
4-percent saving rate the critical value of v is
2.95 whereas with a 9-percent saving rate the
PRA system is preferred to paygo for all values
of vy less than 3.85.

The comparison of the expected lifetime util-
ities of the PRA and the paygo systems reflects
time preference as well as risk preference. Dur-
ing an individual’s working years, paygo re-
quires an 18-percent tax whereas PRA only
involves a saving rate of between 4 and 9 per-
cent. Differences in time preference (3 in our
analysis) therefore influence the relative desir-
ability of the two options. To abstract from this
and focus only on the difference between the
presumed-certain paygo benefit and the stochas-
tic PRA annuity, we applied the expected utility
calculation only to the incomes in the retirement
years. In other words, we disregarded the PRA
system’s advantage of requiring contributions
during working years that are much lower than
the 18-percent paygo tax. With a saving rate of
6 percent, the median PRA annuity is substan-
tially greater than the benchmark benefit; Table
1 shows that the median PRA annuity at age 67
is 2.12 times the benchmark benefit. Although
there is a 17-percent chance that the PRA an-
nuity will fall below the benchmark benefit at
age 67 (and a greater chance at higher ages), the
explicit utility evaluation starting at age 67
shows that the stochastic PRA annuity is pre-
ferred to the “certain” paygo benefit for all
CRRA coefficients up to 2.4. With a 4-percent
saving rate this critical value of y becomes 1.6
whereas with a saving rate of 9 percent the PRA
option is preferred for all values of y up to 3.1.
In short, for plausible CRRA risk aversion pa-
rameters, the preference for the PRA option
does not depend on the lower contribution dur-
ing working years.

IV. Concluding Remarks

This paper examined the risk aspects of an
investment-based defined-contribution Social
Security plan. We focused on the risks after
the plan is fully phased-in so that all employ-
ees and retirees are participants in the plan.
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To be concrete, we based our calculations on
detailed projections of economic and demo-
graphic variables from the Social Security
Administration and the Census Bureau for the
80-year period beginning in 1998. We as-
sumed that the new defined-contribution pro-
gram begins with the birth cohort that is 21
years old in 1998.

In this plan, individuals are required to
deposit a specified fraction of wages to a
personal retirement account and to invest
these funds in a 60:40 equity—debt mix and in
a similarly invested variable annuity at age
67. The value of the assets in the personal
retirement accounts follows a random walk
with the mean and variance of a 60:40 equity—
debt portfolio over the period from 1946 to
1995, a mean log return of 5.5 percent (net
administrative costs of 0.4 percent), and a
standard deviation of 12.5 percent. We stud-
ied stochastic distributions of this process by
doing 10,000 simulations of the 80-year ex-
perience from 1998 to 2077.

The resulting annuities were compared to the
future defined benefits promised in current So-
cial Security law, a level that we refer to as the
“benchmark” Social Security benefits. The So-
cial Security actuaries calculate that the aging of
the population and increased longevity imply
that the future Social Security payroll tax re-
quired to finance the benchmark benefits on a
pay-as-you-go basis would be greater than 18
percent.

If the 5.5-percent mean log rate of return
were known with certainty, individuals could
purchase the benchmark level of benefits by
saving 3.1 percent of earnings, just one-sixth of
the required tax in the pay-as-you-go plan. But
the uncertain nature of the rate of return implies
that saving 3.1 percent of wages could produce
an annuity that is unacceptably less than the
benchmark benefits.

Saving a higher share of wages provides a
“cushion” that protects the individual from the
risk of an unacceptably low level of benefits.
For example, an individual who saves 6 percent
of his earnings during his working years from
21 to 66 (with a 5.5-percent mean log return)
has a 50-percent chance of receiving an annuity
at age 67 that is at least 2.1 times the benchmark
level of Social Security benefits (and therefore
about 70 percent of preretirement pretax wages)
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and only a 17-percent chance that that annuity is
less than the benchmark Social Security benefit.
In 95 percent of the investment experience, the
annuity exceeds 61 percent of the benchmark
benefit. A pure defined-contribution plan with a
6-percent saving rate invested in a 60:40 equi-
ty—debt personal retirement account can cut an
individual’s cost of providing a retirement an-
nuity to one-third of the projected 18-percent
pay-as-you go tax while leaving the retiree ex-
posed to relatively little risk that the resulting
annuity will be less than the benchmark level of
Social Security benefits projected in current
law.
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