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ABSTRACT

Tlis paper uses a perfect foresight life
cycle simulation model to examine the dy-
namic economic effects of baby "booms” and
baby "busts” as well as the interaction of
such demographic changes with social se-
curity policy. Demographic change can have
sizeable short and long-run effects on sav-
ing rates and factor returns.

The model predicts long-run improve-
ment in welfare associated with a pro-
longed baby bust. This improvement holds
even in the absence of accomodating social
security policy. It reflects a long-run de-
cline in the dependency ratio, with the re-
duction in dependent children per worker
more than offsetting the increase in retir-
ees per worker.

HE 1983 amendments to the Social

Security Act contains a number of
significant changes in the system’s cur-
rent and projected fiscal operations. These
include federal income taxation of half of
social security benefits of high-income re-
cipients starting in 1984, gradual in-
creases in the normal retirement age from
65 to 67 starting in 2000, and the expan-
sion of coverage to new government
workers and to employees of non-profit
organizations. If fully implemented these
provisions are projected (under interme-
diate IIB assumptions) to close social se-
curity’s OASDI, 75-year, open-group def-
icit, with little or no need for additional
payroll tax increases beyond those cur-
rently stipulated in law.

While the new legislation has greatly
alleviated if not eliminated OASDI’s short
term cash flow problems, the longer-term
financial picture remains very much in
doubt. There are four important reasons
for continued concern with and analysis
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of the system’s long-term finances. First,
even if all aspects of the new law are ac-
tually implemented, economic and demo-
graphic conditions close to the social se-
curity actuaries’ pessimistic assumptions
may prevail. In this case the OASDI def-
icit, expressed as a fraction of taxable
payroll, equals 10.0 percent over the pe-
riod 2034 to 2058.

The second reason for continued con-
cern about social security’s long-term fi-
nances is that most of the long-run finan-
cial savings from the new legislation arise
from measures that are scheduled to be
implemented. These measures include in-
creases in the retirement age and the
gradual rise, through inflationary bracket
creep, in the fraction of social security re-
cipients whose benefits are taxed under
the federal income tax. If future admin-
istrations and Congresses periodically
legislate away this bracket creep, or if they
delay or eliminate raising the retirement
age, the nation will again face, under in-
termediate assumptions, significantly
higher OASDI tax rates in the early part
of the next century.

The third concern about the new leg-
islation is closely tied to the second. Dur-
ing the period 2000 to 2015, the ratio of
the OASDI trust fund’s caummulative pro-
jected surplus to annual benefit pay-
ments rises from 2.3 to 5.4. To put this
figure in perspective, the current ratio of
gross U.S. debt to current social security
benefits is roughly 4.5. Since the OASDI
trust fund holds its reserves in the form
of government securities, the 1983
amendments implicitly project social se-
curity’s holding of a significant fraction,
if not all, of official government liabili-
ties. While such an OASDI investment
policy raises questions of its own, there is
the logically prior question of whether fu-
ture politicians will have the will to pre-
serve a trust fund for future generations
that would represent over 5.4 years of
benefits by 2015 (7.0 years under the II-
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A assumptions). Such a surplus is un-
precedented in the history of the pro-
gram; the current OASDI reserve can
cover less than 3 months of benefit pay-
ments. Rather than accumulate a large
trust fund, future politicians may dissi-
pate the projected social security surplus
by legislating larger benefit payments, or
by indexing foderal income taxation of so-
cial security benefits, or by reversing the
scheduled retirement age increases. An-
other, more subtle way in which this trust
fund could be dissipated involves the gov-
ernment running larger official deficits
over this period because they find the So-
cial Security Trust Fund a ready pur-
chaser of these securities. From the per-
spective of the government's overall deficit
policy, such a program, in the extreme,
simply transforms an implicit liability into
an explicit liability, and transfers con-
cerns about major increases in payroll tax
rates into concerns about major increases
in income tax rates.

The fourth concern about social secu-
rity’s long-run finances involves the very
sizeable long term Medicare (HI) deficit
projected by the Senate Finance Commit-
tee. Under current law and using the ac-
tuaries’ intermediate 11-B assumptions, the
HI deficit reaches 7.9 percent of taxable
payroll by 2030 and rises to 8.3 percent
of taxable payroll by 2055.

The unsettled nature of social secu-
rity’s long-term finances certainly pro-
vides ample rationale for analyzing social
security and the demographic transition.
A second motivation for the paper is the
rather limited understanding of the gen-
eral equilibrium effects of demographic
change per se on NUMerous macroeco-
nomic variables, including savings, inter-
est rates, wage rates, and non-social se-
curity tax rates. While the U.S. is engaged
in a very dramatic demographic swing, the
potential impact of the baby boom’s baby
bust on general economic performance has
received surprisingly little attention. The
dearth of research in this area probably
reflects the difficulty in deriving analytic
expressions for the time paths of econ-
omies experiencing complex demographic
change. This paper addresses the issue
using a dynamic life eycle simulation
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model that simultaneously considers a
large variety of economic choices and re-
lationships.

The simulation model is highly styl-
ized. As a result, its social security cost
estimates cannot be directly compared with
those of the social security actuaries. While
the model does not contain much of the
detail entering the actuaries’ calcula-
tions, it provides insight into certain is-
sues that cannot be addressed by the So-
cial Security Administration’s actuarial
rmodel. These issues include (1) general
equilibrium changes in capital formation,
1abor supply, wage rates, and interest rates
arising from demographic change as well
as social security policy, (2) changes in
living standards associated with demo-
graphic swings that are independent of
social security, (3) general equilibrium
changes in the lifetime budget opportun-
ities of different generations associa
with alternative secial security policies,
and (4) the impact of social security pol-
icy on other elements of the government's
fiscal policy, e.g., income tax rates.

In contrast to the government's studies
the results presented here are heuristic
and should not be construed as empirical
estimates. The simulation methodology
used here is probably most useful for as-
sessing the relative effects of alternative
policies and the changes through time
generated by such policies. Simulation
studies of this kind are certainly not sub-
stitutes for empirical work, but they can
provide general insight into how deme-
graphic swings influence economic vari-
ables, how different social security and
other fiscal policies interact, into the tim-
ing and duration of policy impacts, and
into the relative importance of particular
policies in altering social security fi-
nances and economic variables.

Section II summarizes several key find-
ings of our previous modeling of social se-
curity that ignored demographics. This
discussion is helpful in understanding the
contribution of demographic change to the
economy’s dynamic equilibrium. Section
1Ml describes the model’s general charac-
teristics and its method of solution. The
particular version of the model developed
for this analysis has a number of unique
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features, in particular the inclusion of de-
mographic factors in household saving
behavior.

The fourth section presents two differ-
ent types of demographic transitions for
economies both with and without social
security systems. The two demographic
changes considered are: (1) a baby bust
involving an immediate and sustained
decline in birth rates and (2) a bust-boom-
bust cycle of birth rate changes that ap-
pears more closely to resemble the past
60 years of U.S. fertility experience.

Section V examines four different pol-
icy alternatives to simply raising social
security payroll taxes in response to the
long-term reduction in the fertility rate.
These policy options are: (1) reductions in
social security’s replacement rate, (2) in-
creases in social security’s retirement age,
(3) taxation of social security benefits un-
der the income tax, and (4) accumulation
of a trust fund through general revenue
finance, interest on which is used to help
finance future social security benefit pay-
ments. Each of these policies constitutes
part of the government's current response
to social security’s financial problems.

The simulations presented here, with a
more elaborate general equilibrium life
cycle model, confirm several general con-
clusions reached in Auerbach and Kotli-
koff (1984). First, demographic changes
of the type now projected require very
major adjustments in social security’s fi-
nances. Second, while future young gen-
erations face a significant burden of sup-
porting parents, they also face a greatly
reduced financial burden with respect to
child support. On balance, future young
workers in the simulation model enjoy
higher standards of living than initial
young generations under each of the so-
cial security policy responses considered
as well as the response of annually ad-
Jjusting social security payroll taxes to meet
pre-specified benefit payments.

The impact of demographic change on
the simulated economy’s time path of eco-
nomic variables is quite sizeable. A major
baby bust or cycles of baby booms and
busts are both capable of producing sharp
increases and declines in saving rates long
before the demographic transition is com-
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plete. In our base case simulation of a baby
bust, the economy’s saving rate falls by
20 percent in the first year of the tran-
sition. It then rises over the next 20 years
to a value in excess of that in the initial
steady state. By year 50 the saving rate
drops to less than two-fifths of its initial
value. A second general finding concern-
ing demographic transitions is that fer-
tility cycles are capable of producing ma-
jor economic cycles in wages and interest
rates. A third feature of the simulations
is that many of the more important
changes in economic variables coincide
with the appearance in the workforce of
baby boom or baby bust generations.

2. General Equilibrium Modelling of
the Impact of Social Security

The impact of social security on the
economy is complicated, because it in-
volves so many aspects of individual be-
havior. General equilibrium simulation
models can be extremely helpful in as-
sessing these effects. In two previous pa-
pers (Auerbach and Kotlikoff (1983, 1984)),
we have used such models to evaluate
particular effects of an unfunded social
security system. These models, as well as
the one used in the present paper, extend
in various ways the basic model pre-
sented in Auerbach and Kotlikoff (1983a).
The basic model consists of three sectors:
household, government, and production.
Most of the model's complexity lies in its
characterization of household decisions as
being made, at any time, by 55 overlap-
ping generations of adults, each saving to
accumulate resources according to an op-
timal, life-cycle consumption plan.
Household behavior is characterized by
perfect foresight; i.e., the future wages,
interest rates, and tax rates anticipated
by each household at each date are those
that actually occur. Labor supply, includ-
ing the retirement decision, is endoge-
nous, The family structure is modelled as
follows. Children spend their first 20 years
being supported by adults 20 years older.
At age 21 children start their own fami-
lies. Children are, therefore, included in
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each family’s consumption decision for that
family’s first 20 years of existence.

In order to simulate the demographic
transition, we have had to simplify the
previous Auerbach-Kotlikoff (1984) model
by dropping the assumption of heteroge-
neous intertemporal preferences and con-
sidering only life-cycle families. We hope
this restriction can be relazed in the fu-
ture, though the solution of the hetero-
geneous model with fluctuating cohort size
assuming perfect foresight is a consider-
able and apparently very computer-ex-
pensive challenge. In the next section we
review the version of the Auerbach-Kot-
likoff simulation model used in this pa-
per.

3. The Model and its Solution

The basic model with variable labor
supply is described in detail in Auerbach,
et al. (1983). The inclusion of children and
social security is described in Auerbach
and Kotlikoff (1984). The reader is re-
ferred to these papers for the relevant
equations describing the behavior of
households, firms, the government in
general, and the social security system in
particular. We will summarize these re-
lations briefly before describing how the
model is solved and how we have intro-
duced changing fertility rates to the sim-
ulations.

Households maximize a lifetime utility
function based on the consumption and
leisure of adults from age 21 to 75 and
their children from the parents’ age 21 to
40. The utility of parent and child is de-
scribed by a nested, constant elasticity of
substitution utility function, with an in-
tertemporal elasticity of substitution (be-
tween present 1nd future consumption) of
.25 and a static elasticity of substitution
between current consumption and leisure
of .8. The pure rate of time preference in
the function is equal to 1.5 percent. Chil-
dren’s consumption and leisure has a
weight that increases over time in their
parent’s objective function. As the child
grows this modeling leads to more con-
sumption. The wage paid to particular age
groups follows a profile that rises steeply
during childhood, continues to rise less
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steeply until middle age, and then falls
off gradually. This typically leads to a
commencement of part-time work during
the late teens and retirement during the
late 60s. Households have perfect fore-
sight, in that the relevant future param-
eters entering into their decisions are those
that, in general equilibrium, will actually
prevail.

Firms in the model are represented by
a single, competitive firm preducing with
a constant-returns-to-scale, Cobb-Doug-
las production function in labor and cap-
ital. The capital share in output is set at
.25. Aside from social security, the gov-
ernment’s fiscal policy involves financing
a predetermined path of government con-
sumption with a proportional income tax
under the constraint of annual budget
balance. When population structure
changes, we keep constant the level of
government consumption expenditures per
capita.

The social security system is financed
by a flat rate payroll tax; this tax pays
for benefits received after the date of ini-
tial benefit receipt based on a formula
similar to the one actually used to cal-
culate average indexed monthly earnings
(AIME). The model’s calculated values of
AIME are multiplied by a replacement
rate to arrive at the benefit level. Our
baseline assumptions are that benefits
begin at age 65 and that the replacement
rate is 60 percent. Because of their com-
plexity, we ignore the ceiling on the pay-
roll tax base (now quite high, anyway), the
earnings test that currently prevails be-
tween the ages of 65 and 72, and the early
retirement provision available between 62
and 65. We also assume that the payroll
taxes themselves have no work disincen-
tive effects, i.e., are viewed as lump-sum
taxes by the worker.

The model is solved using a Gauss-Sei-
del procedure that begins with guesses
about aggregate stocks of capital and la-
bor and uses these and the production
function to generate wage and interest
rates. These factor price paths plus tax rate
paths provide time paths of net prices that
households use in determining their an-
nual saving and labor supply. Aggregat-
ing household saving and labor supply
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provides new estimates of the economy’s
capital stock and labor force. Household
factor supply, given the government’s fis-
cal constraints, also generates new guesses
of the levels of income tax rates, social se-
curity benefits, and social security sys-
tem payroll tax rates. In each iteration of
the model these guesses about tax rates
and benefits are incorporated into the
households’ plans. Hence, when conver-
gence is reached (i.e., the guessed values
of variables equal those computed based
on these guesses), households have taken
account of the tax rates and benefits lev-
els that actually prevail in the perfect
foresight equilibrium.

This general method of solution is ap-
plied first to the economy’s initial steady
state, then to the final one to which the
economy will converge. Finally, we solve
for the years of transition simultaneously,
assuming the transition is completed
within 250 years. This simultaneocus so-
lution is necessary because, with perfect
foresight, future variables, such as the in-
terest rate, affect current decisions. We
assume that the policy change that led to
the disturbance of the initial steady state
was unanticipated, but that perfect fore-
sight is immediately reestablished.

Fertility change is introduced into the
model in the following way. For a certain
period after the beginning of the transi-
tion, we exogenously specify the number
of births per adult. Thereafter, a proce-
dure is needed to make the population’s
age structure converge to that of the new
steady state. Constancy of the birth rate
will not suffice, since the perfect regular-
ity in the birth cycle would perpetuate co-
hort size differences through an infinite
series of “echo effects.” In the “real world,”
this happens to a very much smaller ex-
tent because births are distributed over
parents of different ages, but such a so-
lution would be infeasible for a simula-
tion model. Instead, we assume that, after
a specified period time, typically 50 years,
births equal the number born the pre-
vious year times the annual population
growth rate of the final steady state. The
impact of this modeling is that after at
most 75 additional years the population
age distribution stabilizes. This proce-
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dure makes the fertility rates themselves
endogenous for a period, and they may
fluctuate somewhat unreelistically for a
time. However, experiments varying the
critical date at which fertility rates be-
come endogenous suggest that, as long as
it is well after the posited demographic
transition has occurred, this date has no
important influence on the basic nature
of the results.

4, Baseline Simulations: The
Economic Effects of a Demographic
Transition

In this section, we present simulation
results for two types of demographic tran-
sitions: a sudden and permanent reduc-
tion in the birth rate (bust) and a cycle of
decline and increase in the birth rate fol-
lowed by a permanent drop (“bust-boom-
bust”), In the simulations of the bust
transition, the fertility rate drops from one
involving a 3 percent rate of annual pop-
ulation growth to one yielding a station-
ary population. In the second set of sim-
ulations, containing the “bust-boom-bust”
(BBB) fertility behavior, the birth rate
drops to one child per parent over a 5-year
period. For the next 10 years the rate stays
constant, after which it gradually rises
reaching its original level twenty years
into the transition. Between years 20 and
35 the birth rate remains at this high
value. It then gradually falls again to the
zero population growth fertility rate be-
tween years 35 and 45. The birth rate re-
mains at this level until year 50, after
which birth rates are endogenously de-
termined according to the requirement
that a flat ZPG (zero population growth)
age structure is achieved by year 125 and
thereafter. The model is given an addi-
tional 125 years (a total of 250 years) to
reach a new steady state.

In all of our simulations we have had
to introduce the assumption of a positive
government capital stock to generate
plausible values for the economy’s capi-
tal-output ratio. This was not necessary
in our previous life-cycle modeling work
because of the absence of children. With
the consumption needs of nonproductive
children added to the population, life-cycle
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behavior based on plausible preference
parameters yields extramely small capi-
tal stocks. The inability of the life-cycle
model, by itself, to explain U.S. wealth is
a point that has been made by several au-
thors (e.g., Kotlikoff and Summers (1981)).
This model provides further indication of
the inadequacy of the pure life-cycle model
without bequests to explain observed rates
of capital accumulation. While the cur-
rent model excludes bequests, the as-
sumption of a net positive government
capital stock yields plausibie magnitudes
for observed macroeconomic variables.
While our modeling of private saving ig-
nores the significant intergenerational
transfer behavior that appears to arise in
the U.S,, it provides an important bench-
mark for considering such models. In ad-
dition, it should be stressed that large
masses of U.S. households could have the
types of preferences assumed here, but
simply hold small or zero amounts of
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wealth because of the particular shape of
their age-wage profile.

We begin our analysis by examining how
the composition of the population changes
over time for each of these transitions.
Table 1 presents the fraction of the pop-
ulation at different ages during the de-
mographic transition. The top panel pre-
sents data for the bust transition, while
the bottom panel considers the BBB tran-
sition. In the bust transition the age
structure flattens smoothly over time un-
til, in year 50, it is essentially flat, and
equal to its long-run structure. The Bust-
Boom-Bust transition has a more compli-
cated picture, starting out similar to the
straight bust, but maintaining through
year 50 a fairly steep age structure be-
cause of the rebound in the birth rate. The
Boom cohort is clearly evident in year 70's
bulge in the fraction of young adults be-
tween 20 and 40 and, again in year 110,
in the fraction of the population age 61 to

Table 1

Population Age Structure in Transition

Bust Transition

Year/Cohort 1-20 21-40 41-60 61-75

o] .50 .28 <15 07

20 37 .36 .20 .09

50 .28 .28 .28 .16

T0 .26 27 27 «20

110 27 27 27 21

150 27 27 27 «20
Bust-Boom-Bust Transition

Year /Cohort 1-20 20-b0 L0-60 61-15

0 +50 .28 «15 «07

20 Ris] «33 .18 .08

50 L0 <30 «19 «11

70 27 .3h .26 .13

110 25 +25 .25 25

150 27 27 27 20
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75. The different time patterns in age
structures in these two cases suggest that
the BBB transition will take longer to
evidence large changes in macroeconomic
variables, but will generate larger swings
in these variables as the boom cohort
moves through the population.

This intuition is supported by the re-
sults of the basic simulations of the econ-
omy without social security, summarized
in Table 2. In these simulations we nor-
malize the initial wage rate to unity and
set the government surplus (capital stock)
so that the gross interest rate is approx-
imately ten percent. The stock of govern-
ment capital per capita is held constant
throughout each simulation.

In the bust simulation wages rise and
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interest rates gradually fall throughout
the transition reflecting the increase in
capital per worker as the fraction of young
workers, who own relatively little wealth,
decreases. The association of cepital
deepening with lower population growth
rates dates at least from Solow’s (1956)
growth model with its Keynesian saving
behavior. The decline in marginal income
tax rates arises because government con-
sumption per capita is held fixed, but the
fraction of the population with no taxable
income, in this case, children, falls through
time, Once the transition has begun, sav-
ing rates immediately fall. They then rise
through year 20 to a value above that in
the initial steady state. There follows a
decline in saving rates, which reach neg-

Table 2

Characteristics of Demographic Transitions
(No Social Security)

Bust Transition

Saving Wage Interest Marginel

Year Rate Rate Rate Tax Rate
0 7.6 1.00 9.9 15.0
1 6.1 1.00 9.9 13.0
5 6.6 1,00 10.0 12.h4
10 T.4 1.00 10.0 11.8
20 T.9 1.02 T.h 11.6
50 3.0 1.10 T.3 10.6
70 -0.01 1.11 Tl 10.3
110 -1.5 1.11 T.1 10.5
130 0 1.11 7.1 10.6
150 0 1.11 7.1 10.6

Bust~Boom-Bust Transition

Saving Wage Interest Marginal

Year Rate Rate Rate Tax Rate
0 7.6 1.00 9.9 15.0
1 6.2 1,00 9.8 1.7
5 6.7 1.00 9.9 12.7
10 T.T 1.00 10.0 12,1
20 8.7 1.02 9.3 1,1
50 4.3 1.04 8.9 11.8
T0 6.2 1.06 8.3 9.9
110 -5.0 1.13 6.9 10.9
130 0 1.11 7.1 10.7
150 0 1.11 7.1 10.6
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ative values in year 110. Between 110 and
150 the saving rate rises to its ultimate
steady state value of zero. The initial drop
in the saving rate is unrelated to concur-
rent demographic changes, which ia pe-
riod one are still unimportant, but to an-
ticipated, genreral equilibrium increases in
future after tax wages. These projected
increases in budget opportunities produce
higher current consumption and lower
current saving. Between years 1 and 20
the drop in fertility reduces the number
of children and the importance of their
dissaving, i.e., consumption; by year
twenty the fraction of the population be-
tween 20 and 60 has increased from 45
percent to 56 percent, and this group is
doing more saving because of the reduced
number of mouths they must feed. By year
70, however, the decline in birth rates has
affected the size of the young and middle
age adult saving population, so that the
only boom group remaining are the aged
dissavers. This leads, temporarily, to a
slightly negative saving rate.

The BBB transition as suggested, cc-
curs more slowly and is then character-
ized by erratic swings in macroeconomic
activity as the bulge cohort ages. The wage
rate rises gradually to 1.06 by year 70,
rather than the 1.11 of the bust transi-
tion. It then overshoots its long-run level
as the boom cchort, with its large accu-
mulated savings of capital, retires. Like-
wise, marginal tex rates take longer to fall
and undershoot their long-run value.
Saving rates remain positive and quite
high through year 70; they then fall pre-
cipitously to —5.0 percent of income in
year 110 before converging to zeru.

The well-being of individuals alive dur-
ing either of these transitions can be com-
pared to that of cohorts who die before
there is any change in fertility. The
method we use is to ask what additional
fraction of lifetime resources an individ-
ual in the initial steady state would have
to receive to be as well off as a member
of a particular transition cohort. Nor-
mally a well defined measure, this ap-
proach has sume ambiguity in the current
context, because the parent’s utility
function depends on the consumption and
number of children. Our mode! does not,
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however, provide reasons for specified
changes in fertility. Hence, equating a
decline in the number of children with a
decline in parental welfare seems rather
arbitrary. In a more elaborate model that
fully described the fertility decision, a de-
cline in the number of children could be
associated with both negative and posi-
tive changes in parental welfare. For ex-
ample, if children provide pleasure to their
parents, but changes in social customs
make childbearing more difficult, this
would imply a loss in welfare not present
if reduced fertility came about due to, say,
an income effect associated with in-
creased living standards. We side-step this
problem by focusing on the welfare adults
receive directly from their own consump-
tion and leisure. That is, our measure of
welfare changes of transition adult co-
horts is the increase or decrease in re-
sources (spent on own adult consumption
and leisure) that adults in the initial
steady state would receive to be left with
the level of utility from adult consump-
tion and leisure enjoyed by particular
transition cohorts during their adult-
hoods. This is essentially the equivalent
variation measure of the change in eco-
nomic circumstances faced by a transition
cohort.

In Table 8, we express these welfare ef-
fects as a percentage of the lifetime re-
sources of initial steady state cohorts. The
cohort born in year —75 (75 years prior to
the date the transition begins) is the last
generation not affected by the transition.
The first part of the table, labelled “bust,”
shows the welfare effects of the transition
under various fiscal regimes. The first
column corresponds to the basic transi-
tion without social security discussed
above. The drop in birth rates causes a
large long-run welfare gain of 12.57 per-
cent, about three-fourths of which is re-
alized by those born in year —10. The pri-
mary reason for this upward shift in
welfare is the reduction in children per
adult. As we are considering welfare
measured in terms of adult expenditure
on consumption and leisure such a de-
mographic shift permits a higher level of
welfare since adults now shift a greater
fraction of their resources toward their
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own consumption and leisure. The corre-
sponding BBB transition, represented in
the first column of the second part of
Table 8, evidences the same jump in wel-
fare as birth rate declines, but also dis-
plays a temporary welfare drop associ-
ated with the temporary rise in fertility.
We now consider the inclusion of un-
funded social security in each of these
transitions. The baseline model of social
security assumes a 60 percent replace-
ment rate and an initial age of benefit re-
ceipt of 65. The choice of a 60 percent re-
placement rate may seem odd given that
actual U.S. replacement rates are cur-
rently about 40 percent. A 60 percent rate
is used to account for several types of so-
cial security benefits not explicitly mod-
eled in our analysis. These include depen-
dent and survivor benefits, medical
benefits, and disability benefits. The sim-
ulated psyroll tax rate associated with the
60 percent replacement rate assumption
is 5.2 percent, which is still quite low rel-
ative to the current combined employer-
employee OASDHI payroll tax. Hence,
from the perspective of approximating a
realistic payroll tax rate our replacement
rate assumption is too low. As mentioned
above, however, one aim here is not to
provide empirical estimates, rather to
provide a qualitative sense of the relative
impact of various demographic swings and
alternative social security policies. Such
qualitative findings are quite similar
whether one uses a 40, 60, or 80 percent
replacement rate for a baseline value.
Summary statistics for the bust and the
bust-boom-bust simulations are given in
Table 3. As expected, saving rates are
generally lower and interest rates higher
in the presence of social security. Kotli-
koff (1979) discusses why unfunded social
security in a life cycle model leads to a
permanently lower long-run level of sav-
ings and welfare. A brief explanation is
that an unfunded social security program
is able, in the long run, to pay only the
economy’s growth rate as the rate of re-
turn on social security contributions rather
than the marginal return to capital. Since
the return to capital exceeds the growth
rate in the simulated economy, in the long-
run steady state every dollar contributed
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by the agents in the model to social se-
curity is repaid with benefits that equal
less than a dollar in present value. This
feature would, by itself, make those liv-
ing in the long run under unfunded social
security worsz off. In addition the intro-
duction of unfunded social security per-
manertly lowers capital per worker and,
therefore, workers’ wages. The reason for
the decline in saving and capital per
worker is that “start up” elderly genera-
tions who experience windfalls at the ini-
tiation of unfunded social security con-
sume more and, thereby, generate a
reduction in total national saving. The
increased consumption of this initial start
up generation of elderly is partially offset
by the decreased consumption of younger
generations who find they are receiving a
lower rate of return than the market can
offer on their social security contribu-
tions. However, this reduced consumption
is never large enough to restore the econ-
omy’s stock of capital; part of the burden
of paying for the initial start up elderly
generation’s increased consumption al-
ways lies in the future in the form of re-
duced consumption of future generations.
At any point in time then, the initial in-
creased consumption of the start up el-
derly has not been fully offset by reduced
consumption of generations ensuing up to
that point in time. As a consequence, the
stock of savings is permanently reduced.

Aside from the payroll tax, the two sim-
ulations with social security behave rather
similarly to their counterparts without
social security presented in Table 2. The
presence of the payroll tax means that, as
fertility declines, part of the adult wel-
fare gain previously discussed will be off-
set by the increased ratio of beneficiaries
to workers associated with rising payroll
taxes. This is evident if one compares the
second column of the two parts of Table
8, corresponding to the welfare effects un-
der the two transitions in the presence of
social security. While the qualitative pat-
terns of welfare change are the same, co-
horts gain uniformly less. About 45 per-
cent of the long-run gain is lost. The effect
is smaller in the short run, since the ear-
lier generations escape the burden of
higher social security taxes.
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Table 3
Characteristics of Demographic Transitions
{With Social Security)
Bust Transition

Savings Wage Interest Marginal Payroll

Year Rate Rate Rate Tax Rate Tax Rate
0 6.8 1.00 1.1 15.0 5.2
1 5.5 1.00 11.1 12.9 5e2
5 5.9 1.00 11.2 12.3 5.3
10 6.7 1.00 11.2 11.7 5.k
20 T.0 1.02 10.6 11.6 5.6
50 1.7 1.09 8.5 10.8 10.1
70 -1.3 1.08 8.8 10.1 1.0
110 -1.5 1.07 9.1 10.1 15.0
130 0 1.07 9.0 10.3 13.9
150 0 1.07 9.0 10.3 13.9

Bust-Boom-Bust Transition

Saving Wage Interest Marginal Payroll

Year Rate Rate Rate Tax Rate Tax Rate
0 6.8 1.00 11.1 15.0 5.2
1 5.5 1.00 11.0 14,7 5.3
5 5.9 1.00 11.2 12.6 5.2
10 6.8 1.00 11.2 12,0 5.3
20 7.8 1.02 10.5 1b,1 5.5
50 3.6 1.03 10.1 11.8 Te5
70 5.1 1.05 9.6 9.9 8.6
110 5.6 1,08 8.7 10.5 18.7
130 0 1.07 9.1 10.3 13.8
150 o] 1.07 9.0 10.3 13.9

Payroll tax rates are quite different in
the bust and the bust-boom-bust transi-
tions. In the first, the number of retirees
per worker increases fairly smoothly, with
the rise in the payroll tax similarly be-
haved. In the second, the population bulge
represented by the baby boomers holds
down payroll tax increases while they are
working, and causes them to jump sharply
once this cohort retires. In year 110 the
payroll tax rate is 18.7 percent, almost 3.5
times the initial steady state value.

V. Social Security Policy Responses
to the Demographic Transition

Table 4 shows saving, wage, interest,
and tax rates arising under the two de-
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mographic transitions if social security’s
replacement rate is cut in year zero from
60 to 40 percent. These benefit cuts apply
to all cohorts receiving benafits at the time
they are implemented. The table also pre-
sents comparable figures for a gradual re-
duction in the replacement rate to 40 per-
cent starting in year zero and ending in
year 20. Table 3 indicates the time paths
of these variables when the replacement
rate is held fixed. A quick comparison of
these two tables indicates that the social
security tax rate is quite sensitive to the
benefit cut policy, while the impact on
other variables is relatively minor. Rather
than rising to 13.9 percent, as in Table 3,
the long-run social security tax rate in
Table 4 increases from 5.2 percent to 9.2
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Table 4
Immediate Cut in Replacement Rate from 60% to L0%
Baby Bust Bust-Boom-Bust
Year st w r LY s sl v r &y s
0 6.8 1,00 11.1 15.0 5.2 6.8 1.00 11.1 15.0 5.2
1 6.6 1.00 11.2 12.7 3.5 6.7 1.00 11.1 1k.5 3.5
5 6.8 1.00 11.1 12.3 3.5 6.8 1,00 11.1 12.6 3.5
10 7.2 1,01 10.9 11.9 3.6 7.4 1,01 10.9 12.1 3.5
20 7.3 1.03 10.2 1.1.8 3.8 8.1 1.03 10.5 14,3 3.7
50 3.0 1l.12 10.2 10.9 6.7 4.5 1.05 9.6 12.0 5.0
70 -1.,1 1.11 8.0 10,4 9.4 5.4 1,06 9.2 10.1 5.8
100 -.3 1,11 8.2 10.9 9.k -1.4 1,17 7.7 11.2 8.9
110 -1,5 1,10 8.2 10.5 10.0 -5,5 1,11 8.1 10.9 12.5
130 .0 1.0 8.k 10.6 9.2 -1 1.10 8.4 10.7 9.2
150 .0 1.10 8.k 10.6 9.2 -.01 1,10 B.4W 10.7 9.2

percent. The social security tax rate is
significantly lower throughout the tran-
sition under the policy of immediately
cutting the replacement rate than in the
transitions of Table 3.

The benefit cuts, by reducing the scale
of unfunded social security, generates a 3
percent larger pre-tax wage rate than
would otherwise occur. The additional
capital deepening associated with this
larger long-run wage rate explains the
slightly larger saving rates in Table 4
compared with those of Table 3. The ef-
fect of phasing in the replacement rate cut
rather than implementing it immediately
is to leave the economy with roughly 20
percent higher payroll tax rates during the
first ten years of the transition. The wel-
fare effects of these benefit cuts are pre-
dictable. For both demographic transi-
tions, the immediate cut in benefits causes
a welfare loss to older generations alive
in year zero (Table 8), but a welfare im-
provement for younger cohorts, even for
those who are age twenty-five, and hence
already working, at the time of the change.
In the long run, such a policy leads to
substantially greater welfare then under
the policy of simply passively adjusting
social security tax rates to meet the ben-
efits associated with a 60 percent replace-
ment rate.

An alternative to the explicit reduction

in benefit levels would be an increase in
the retirement age. Table 5 presents the
characteristics of the demographic tran-
sition for two such policies, an immediate
increase in the retirement age from 65 to
67, and the same rise occurring in year
20, after being announced in year zero. The
welfare effects of the first of these poli-
cies is shown in the fifth column of Table
8. Both in terms of macroeconomic and
welfare effects, an immediate increase in
the retirement age by two years has a
similar but smaller impact than the im-
mediate 40 percent benefit cut. In the long
run, the payroll tax rate rises to 11.0 per-
cent, higher than the 9.2 percent in the
former case. Likewise, the long-run wel-
fare gain of 8.94 percent is smaller than
the previous gain of 10.21 percent. If one
extrapolates from our results, they sug-
gest that maintenance of the original
payroll tax rate would require a benefit
cut of close to 75 percent, and/or an in-
crease in the retirement age by 6 years.
Another alternative that has been sug-
gested to reduce the growth in payroll
taxes is the taxation of social security
benefits. Indeed, starting with the Tax
Equity and Fiscal Responsibility Act of
1982, higher income families will face
regular income taxation on half their so-
cial security benefits. In Table 6, and the
last column of Table 8, we show the ef-
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Table 5
Immediate Increase in Retirement Age from 65 to 6T
Baby Bust Bust-Boom-Bust
Year st v r Ly s st w o &Y s
0 6.8 1.00 11.1 15.0 5.2 6.8 1.00 11.1 15.0 5.2
1 5.9 1.00 1.1.2 12.8 5.2 6.0 1.00 11.1 1.6 5.2
5 6.4 1.00 11.2 13.3 L,2 6.3 1.00 11.2 12.6 4.1
10 7.0 1.00 11l.1 11.8 bh.1 7.2 1.00 11.1 12.0 k.1
20 7.3 1.02 10.3 11.7 k.3 8.0 1.03 10.3 14,3 L.2
50 2.4 1,11 8.2 10.9 T.7T L. 1.0 9.8 11.9 5.8
T0 -1.2 1.10 8.4 10.3 11.6 5.3 1.06 9.4 10.0 T.2
100 -4 1,10 8.4 10.8 10.9 -1.5 1,12 7.8 11.1 10.1
110 -1.5 1,08 8.7 10.3 12.3 5.6 1,10 8.3 10.T 15.9
130 0 1.09 8.6 10.5 11.0 .1 1.09 8.7 10.5 11.1
150 0 1.09 8.6 10.5 11.0 0 1.09 8.6 10,6 11.0
Gradual Increase in Retirement Age from 65 to 67
Baby Bust Bust-Boom-Bust

Year sl v Y ms st v r §¥ ms
0 6.8 1.00 11l.1 15.0 5.2 6.8 1.00 11.1 15.0 5.2
1 5.6 1.00 11,1 12.9 5.2 5.7 1.00 11.0 1L.6 5.2
5 6.1 1.00 11,2 12.3 5.3 6.1 1.00 11.2 12.6 5.2
10 6.8 1.00 11.1 11.8 5.3 7.0 1.00 11.1 12,0 5.3
20 7.3 1.02 1:0.5 11.6 5.0 8.0 1.02 10,4 14.2 L,9
50 2.1 1.10 8.2 11.9 T.9 3.8 1.0 9.9 11.9 5.8
70 -0.2 1.10 8.4 10.3 11.6 5.3 1.06 9,4 10.0 7.2
100 -0.3 1.10 8.4 10.8 10.9 -1.5 1.12 7.8 11.1 10.
110 -1.5 1.08 8.7 10.3 12.3 -5.6 1.10 8.3 10.8 15.9
130 0.0 1.09 8.6 10.5 11.0 1.2 1.09 8.7 10.5 11,0
150 0.0 1.09 8.6 10.5 11.0 0 1.09 8.6 10.6 11.0

fects of taxing all social security benefits
beginning at the start of the demographic
transition, with the receipts kept within
the social security system to reduce pay-
roll taxes. Such a policy leads initially to
reductions in social security taxes, but in
the long run has a smaller impact than
any of the policies previously examined,
because of the relatively low rate of in-
come taxation. As this suggests, the long-
run welfare impact of this policy is smaller
than the others, but generations reaching
adulthood early in the transition actually

do almost as well as under the other pol-
icies.

Finally, we consider in Table 7 a policy
that some have advocated as a long-run
solution to the long-run social security
deficit: the accumulation of a trust fund.
The simulated policy involves a one-third
surcharge on the payroll tax for the first
twenty years of the transition, proceeds
of which are contributed to the trust fund,
i.e; in the initial twenty year period this
policy raises revenues by one-third more
than is necessary, in equilibrium, to pay
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Table 6
Immediate Taxation of Social Security Benefits
Baby Bust Bust-Boom-Bust
Year st v r Ly ms st w r Y oms
0 6.8 1.00 11.1 15.0 6.0 6.8 1,00 11.1 15.0 6.0
1 5.8 1.00 11.1 12.8 4.5 6.0 1.00 11.1 1h4.6 4.5
5 6.2 1.00 11.2 12.3 L.6 6.2 1,00 11.2 12.6 k.6
10 6.8 1,00 11.1 11.8 L.7 7.0 1.00 11.1 12.1 4.7
20 7.1 1.02 10.4 11.7 5.0 7.9 1.02 10.5% k.2 4.7
50 2.2 1.10 8.3 10.9 9.0 3.9 1.05 9.9 11.9 6.6
T0 -1.3 1.09 8.6 10.2 12.6 5.2 1.05 9.5 9.9 T.8
100 0.4 1.09 8.6 10.7 12.6 -1.6 1l.12 8.0 11.0 11.8
110 -1.5 1.08 8.9 10.2 13.5 -5.6 1.09 8.5 10.7 16.7
130 0.0 1.08 8.8 10.k 12.5 0.1 1.08 8.0 10,4 12,4
150 0.0 1,08 8.8 10.4 12.5 0.0 1,08 8.8 10.5 12.5

for current benefits. After year twenty the
accumulated trust fund is held constant
per capita, and the income and principal
beyond that needed to maintain a con-
stant per capita trust fund is used to help
pay for benefits. Under this policy the so-
cial security tax rate drops to essentially
zero in year 20 of both transitions and, as
the retiree/worker ratio rises, signifi-
cantly limits the rise in the payroll tax.
In each simulation, the long-run payroll

tax (8.4 percent for the bust case, 8.8 per-
cent for the BBB case) is the lowest of any
of the simulations presented. As one would
expect, the trust fund transitions produce
the highest long-run welfare gains of any
of the social security transitions consid-
ered (Table 8). At the same time, they are
the only policy simulations, excluding
simply passively adjusting payroll tax
rates, under which each generation gains
from the changes in fertility.

Table T

Accumulation of a Social Security Trust Fund

Baby Bust

Year sit x &y

0 6.8 1.00 11.1 15.0

1 5.9 1.00 11.2 12.8

5 6.4 1.00 11.2 12.%
10 7.2 1.00 11.1 12.0
20 7.5 1.03 10.2 12.5
50 2.1 1.1 8.0 11.h
T0 -1.b 1,11 8.1 10.9
100 -0.0 1.11 8.1 11.k
110 -1.5 1.10 8.3 11.0
130 0.0 1.10 8.3 11.2
150 0.0 1.10 8.3 11.2

Bust-Boom-Bust

Iss st v r» XN 18
6.0 6.8 1.00 11.1 15.0 6.0
7.0 6.0 1.00 11.1 14,6 7.0
T.0 6.4 1.00 11.2 12.7 7.0
T.1 7.5 1.00 11.1 12.3 T.1
0.0 8.5 1.03 10.1 15.2 0.9
5.3 3.4 1.05 9.5 12.9 1.8
8.3 5.3 1.07 9.0 10.T 3.6
8.8 -1.6 1.13 7.6 11.7 8.7
9.2 =5.6 1.11 8.1 11.k 13.2
8.4 0.2 1.10 8.4 11.2 8.6
8.4 0.1 1.10 8.3 1.1.2 8.8

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



88°8 ST°0t $6°9 1621
n8°g 2101 g9 1621
4] 60°01 n8°9 st
gy'e Lt°ot 99°9 €0°€X
06°0T 19°T1 56 60°21
90°0T 09°01 20°6 16°6
Ly*e 66°2 o1 £y°e
6€°2 sg*e a1 60°2
15*6 6g°6 0g°g ns°g
260 111 99°0 £9°0
©0°0— 90° 0~ 800 TT°0
10°0 91°0- 10°0 T10°0
00°0 00°0 00°0 00°0
38Ng-WoOg~38Ng
16" g T2°01 S6°9 Lg*et
€6'g 12°01 176°9 182t
£€6°¢g £2°01 %6°9 lstet
c8'g 60°01 cL*9 99°et
f2'6 94°01 62°L gleet
FAR{0)] 62° 1T oL*g gt°21
€0° 1T 19°11 1g*6 2E* 11
1g° 01 SE*TT 866 ££°0T
22°01 19°0T 05°6 €26
921 0Ss°1 66°0 66°0
00*0~ c0° 0~ cto 9170
T0°0 910~ 10°0 20'0
00°0 00°0 00*0 00°0
B s31Jausg X3panosg K3Tano9eg
JUIWAITIDY uy Y TeLo08 Teo08
up 3883IdUT S3vypaAm] Y3TA oN
93BTpAMY

3sng

0sT
set
00T
sL
0s
s2
ot

01~
se-
0s-
S9=
cL-

0ST
Set
00T
SL
0%
G2
0t
0
o1~
Se-
0s-
s9-
Sl-

183}
up ulog
UOT{BISUIY

§3210083Y 3INPY JO JUIDISJ S8 SUOTIBTIVA uaTeATnby ‘uojsysueirl ojyderSowsq Jo §3093JV 21BJTON

=} €6°L gn° ot
N 69°L f4° 0T
9] lg°L 2q*ot
> 6L°L 02*0T
< €201 85°atT
.m” 656 oE*et
> €02 16y
- €0°2 LE°q
€26 64°6
lg*0 L180"]
£0°0 €0°0
$0°0~ 00°0
00°0 00°0
=
<
Z
o
jon]
m 66°L 6L°0T
g6°L gL ot
% 16°L LL°0T
= 6L°L 95*01
3 62*g Llo*tt
< 756 L6°TT
Z 2yt ot 142t
=] I4°01 90°€T
B 886 9n°0T
M gI°T £5°0
800 90°0
$0°0- 10°0
00°0 00°0
831Jauag KAdtr104d
£33 10038 punyg
Tero0g 3sniy,
Jo
UOT3BXE,
[{~]
©
-

g 3Tqsy

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



No. 2]
VI. Summary and Conclusion

A central lesson of the simulations pre-
sented here is that demographic condi-
tions are potentially very significant de-
terminants of economic performance and
welfare. Indeed, the time path of demo-
graphic change dominates the outcomes
of each of the five social security policy
transitions, despite the fact that these five
simulations involve significantly differ-
ent and quite substantive social security
policy responses. The simulated demo-
graphic transitions suggest that the swings
in US. fertility currently underway can
have very major impacts on factor returns
over the long run and produce quite pre-
cipitous changes in saving rates in the
short run. To place our findings on de-
mographic change in perspective, it should
be noted that the simulated long-run
changes in factor returns and capital-la-
bor ratios from magjor fertility declines are
of the same order of magnitude as the
simulated effect of entirely abolishing
unfunded social security. In comparison
with the very considerable research that
has been conducted concerning the saving
impact of this and other government fis-
cal policies, the effect of demographic
change on saving is a little studied phe-
nomenon.

The presence of a social security system
does have important effects on the eco-
nomic transition associated with either
baby busts or cycles of baby booms and
busts; but the attendant financial squeeze
placed on social security in these transi-
tions is of secondary importance with re-
spect to the long-run level of economic
welfare. While payroll tax rates may rise
dramatically, long-run welfare is none-
theless substantially higher, as measured
in terms of equivalent increases in levels
of adult consumption and leisure. This re-
flects, in part, the fact that each adult
parent has “fewer mouths to feed” and,
therefore, can enjoy a higher individual
standard of living, In addition, while the
replacement fertility rate prevailing in the
long run leaves more elderly per capita in
society, the sharp drop in children per
capita means an overall decline in the ra-
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tio of dependents to prime age workers in
the economy. For the government these
changes potentially imply smaller de-
mands on its regular fiscal operations (e.g.,
educational expenditures) which we model
here as involving a fixed level of govern-
ment consumption expenditure per cap-
ita. In our model the marginal income tax
rate used to finance this spending falls
from 15 percent to roughly 10.5 percent in
each of the simulations in response to the
lower overall dependency ratio. Hence,
while the typical worker must support
more elderly through social security, he
(she) supports fewer children, both di-
rectly as a parent and indirectly as an in-
come taxpayer. A glance at Table 3 in-
dicates that under a passive policy of
adjusting social security payroll taxes,
combined income and payroll tax rates rise
from an initial 20.2 percent to a long-run
value of 24.2 percent. Had the income tax
rate not dropped to 10.3 percent, the com-
bined long-run tax rate would have
equaled 28.9 percent.

While the combined long-run tax rate
is 4.2 percentage points higher in this
simulation, the pre-tax wage rises by 7
percent reflecting the significant in-
crease in capital intensity associated with
the long-run decline in fertility rates. It
is this general equilibrium impact on fac-
tor returns that is primarily responsible
for the higher long-run level of welfare.

Although reasonable alterations in so-
cial security policy appear incapable of
significantly altering the basic economic
impact of substantial demographic swings,
the particular choice of social security
policy is nonetheless quite important. In
comparison with simply allowing payroll
taxes to adjust upwards to meet required
benefit payments, major reductions in re-
placement rates, major increases in the
retirement age, or the accumulation of a
significant trust fund are all policies that
can raise the long-run level of welfare by
an amount equivalent to almost 4 percent
of lifetime expenditure on consumption
and leisure. A 4 percent long-run welfare
increase is a large number when com-
pared with the simulated long-run wel-
fare effects of a variety of major fiscal
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policy changes. The potential long-run
welfare gain is not, however, freely ob-
tained; rather, such long-run welfare gains
come at the price of reductions in the wel-
fare of transition cohorts, typically those
alive at the time of the demographic
change as well as those born within 25
years of the initial date of the change.
Hence the choice of social security policy
in the midst of the demographic transi-
tion is of considerable importance to the
intergenerational distribution of welfare.

FOOTNOTE

***We thank Andrew Myers for outstanding re-
search assistance. This paper is part of the Brookings
Institution project on retirement and aging which is
funded by Brookings and the Department of Health
and Human Services.
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