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ABSTRACT

In this paper we assess the degree to which the current social security system redistributes
income from rich to poor. We then estimate the impact of various proposed changes to social
security on the overall redistributive effect of the system. Our analysis takes a steady state approach
in which we assume participants work their entire lives and retire under a given system.
Redistribution is measured on a lifetime basis using estimated earnings profiles for a sample of
people taken from the PSID. We account for differential mortality, not only by gender and race, but
also be lifetime income. Our results indicate that the current social security system redistributes less
than is generally perceived, mainly because people with higher lifetime income live longer and
therefore draw benefits longer. Remaining progressivity is reduced and even reversed by an increase
in the assumed discount rate, since regressive taxes become more important relative to later
progressive benefits. We find that many of the proposed changes to social security have surprising

little effect on the redistribution inherent in the system.
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1. INTRODUCTION

The goal of this paper is to analyze ways in which the current social security
system and some proposed reforms redistribute between high- and low-income groups,
defined on a lifetime basis. Rather than look at redistributions between age cohorts, our
analysis focuses exclusively on intragenerational redistribution in a steady state. We
assume that all working years and retirement years come under a single social security
system. Thus we assess long run redistributive effects of the current system and of
several reforms. Within this steady state context, we look at the system's lifetime
redistribution across groups defined by income, gender, and marital status. We account
for heterogeneity within each income group, as specific features of the social security
system differentially affect groups with different proportions of individuals who are
single or married, male or female, work continuously or sporadically, and who have
different mortality rates.

Our analysis proceeds in five stages. In the first stage, we use twenty-two years
of wage rates from the Panel Study of Income Dynamics (PSID) to estimate wage rate
profiles for different kinds of individuals (household heads, full-time secondary
workers, and part-time secondary workers). The estimated coefficients are used to
project each individual’s wage rates before and after the sample period, so that each
individual has a complete wage profile from age 22 to 66. The wage rate for each year
is multiplied by a total time endowment to calculate potential earnings, and the present
value of this endowment is used to categorize individuals into quintiles from rich to
pooTr.

In the second stage, for each quintile, actual earnings are used to estimate
earnings profiles. We again use the coefficients to project out-of-sample earnings for

each individual, so that each member of our sample has a complete lifetime earnings
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history. In the third stage, we derive income-differentiated mortality rates for each
group. Then, in the fourth stage, we use the constructed earnings histories and mortality
probabilities to calculate each individual’s expected lifetime social security taxes and
benefits. In the final stage, we add over the individuals in each quintile to get the net
impact of social security on each group. We also calculate effects of proposed reforms.

Using actual earnings data is one of the important innovations of our paper. As
noted below, previous studies use stylized groups, or smoothly-estimated profiles for
each group. In contrast, the use of actual earnings data allows us to incorporate
differential effects of human capital investment, illnesses, child rearing, and other
events that affect earnings and that may lead individuals to enter and exit the labor
force. We also give special attention to differential mortality rates by gender, race, and
lifetime income.

Distributional effects of the current system also represent the effects of a major
reform, namely, repeal of social security. In addition, we calculate effects of four
smaller reforms designed to reduce the current social security deficit by the same
amount: eliminating the provision for dropping certain low earnings years from the
benefit calculation; increasing the age of retirement; increasing the tax rate; and
decreasing benefits.

We find that: (1) overall, the social security system is progressive; (2)
accounting for income-differentiated mortality substantially reduces the measure of
progressivity for the social security system; (3) increasing the assumed discount rate can
eliminate remaining progressivity; (4) the four reforms we study are somewhat
regressive; and (5) income-differentiated mortality lessens the regressive nature of the

proposed reforms.
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2. OUR APPROACH RELATIVE TO PREVIOUS WORK

To clarify how and why our approach differs from existing literature, consider
the two illustrative lifetime wage profiles in Figure 1. The relatively-poor individual’s
wage increases with age through points A, B, and C, and then falls to point D at
retirement. The rich person’s profile is higher (through points E, F, G, and H). In this
context, the social security system may take taxes from both types of individuals during
working years, and provide benefits to both individuals when retired. We wish to
measure how much of this money is transferred from the high-lifetime-income person to
the poor-lifetime income person, rather than just transferred from working years to
retirement years within the same group.

Initial tax incidence studies like Pechman and Okner (1974) used groupings
based on annual income. This type of study would find that the social security system
is progressive, but it aggregates unlike individuals. The richest group includes only
those at point G, the next group includes individuals at points F and C, the following
group includes E, B, and H, while the poorest group includes very young and old
individuals at points A and D.

Some later studies like Auerbach and Kotlikoff (1987) include lifetime profiles
and lifetime decision making, in order to find how social security redistributes between
young and old. However, the youngest group aggregates individuals at points A and E,
the next group includes B and F, and the oldest group includes D and H. This type of
study also does not distinguish between the two lifetime income groups in Figure 1.

Although much work has focused on intergenerational effects of the social
security system, considerable work has also looked at intragenerational redistribution —
using arbitrary levels of income for different groups. For example, Hurd and Shoven

(1985) and Boskin et al (1987) each use three groups (e.g. median income, half the
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median, and five-times the median).] As in Figure 1, the shape of the earnings profile
does not differ between the three groups.

The approach of using arbitrarily-set income levels has tremendous
computational appeal. However, the calculation of social security benefits depends not
just on the level of lifetime earnings. Recent years often get more weight, and some
years with zero earnings can be dropped from the calculation. Thus the benefits
received by each group depend on the shape of the earnings profile and the variance
from one year to the next. For these reasons, we estimate a nonlinear profile separately
for each group. We retain actual earnings data from the sample period and use actual
and constructed years of data with zero earnings. Each group has different proportions
of individuals with different numbers of zero-earnings years that can be dropped from
the benefit calculations (as in Williams, 1998).

Some studies have used actual social security records to look at issues of
redistribution. Burkhauser and Warlick (1981) and Hurd and Shoven (1985) use
extracts from social security records, while Duggan, et al (1993) use records for more
than 32,000 workers from the Continuous Work History Sample of social security
records. While using social security records would better identify social security
earnings histories, two important elements are missing from the available extracts.
First, the observed amount of earnings is generally capped at the annual social security
wage cap. Yet only data with wage rates above the cap can capture the regressivity of
social security taxes that exempt higher wages. Second, and equally important, records

for individuals are not linked with records of spouses.

1 Panis and Lillard (1996) set the low group at full-time minimum wage earnings, the middle group at the
Social Security’s Average Earnings, and the high group at the social security tax wage cap. Similar
procedures are followed by Myers and Schobel (1983), Steuerle and Bakija (1994), and Garrett (1995).



-5-
Fullerton and Rogers (1993) also estimate profiles separately for 12 different

lifetime income groups, and use them to calculate the incidence of various taxes, but
they do not look at social security benefits. More recently, Altig et al (1997) employ
the same 12 lifetime income groups in their model of tax incidence, and Kotlikoff et al
(1998) do use that model to look at social security. These computational general
equilibrium models can calculate the effects of social security reforms on factor returns
in each period, but each of the 12 groups is assumed to contain homogeneous
individuals. Since everyone in a group must work the average amount for that group,
these general equilibrium models cannot incorporate heterogeneity such as the fraction
in each group who have zero earnings.

For these reasons, in this paper, we do not attempt to build a general equilibrium
model. The point of this paper is to make use of much actual data on diverse
individuals within each lifetime income group. We can thus use the fact that each group
has a different proportion of individuals with zero-earnings years, a different proportion
of individuals who qualify for spousal benefits, and a different proportion who receive
fewer benefits because they die earlier. In this way, we can look at distributional
impacts of specific elements of the social security system.?

The literature on distributional impacts of specific elements of the social
security system is small. Flowers and Horwitz (1993) look at the spousal benefit,
whereby low-earner spouses can draw the greater of their own computed benefit or one-
half of the higher-earning spouse’s benefit. They demonstrate that the spousal benefit
calculation is progressive when compared to an own-benefit calculation. This result is

driven by their finding that higher income families consist of spouses with more equal

2 By concentrating on dollar flows, however, we miss the effect of this social insurance program on the
utility of risk-averse individuals. The benefits of risk reduction may be larger for low- or high-income
individuals. Lee, McClellan and Skinner (1999, this volume) calculate such effects for Medicare.
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earnings and lower-income couples have more disparate earnings. Panis and Lillard
(1996) use a low-medium-high income structure to examine three basic reforms:
increasing retirement age, increasing payroll taxes, and decreasing benefits.

A few studies introduce income-differentiated mortality into analysis of the
social security system. Rofman (1993) uses a data set that matches demographic
information from the Current Population Survey with social security information on
earnings, benefits, and mortality. However, Duleep (1986) reports that mortality
information is severely under-reported in the social security records, especially for
working-age individuals and minorities. Garrett (1995) uses mortality estimates from a
literature search, while Panis and Lillard (1996) extract mortality information from the
PSID. Since high income people live longer, several studies show that accounting for
income-differentiated mortality seriously dampens the progressivity of social security
(e.g. Steuerle and Bakija, 1994, Duggan et al, 1995, and Panis and Lillard, 1996).

Finally, Caldwell et al (1999, this volume) use “CORSIM?”, a large micro-
simulation model, to construct lifetime earnings for many heterogeneous individuals.
This model starts with the 1960 Census Public-Use Microdata Sample and uses
estimated transition probabilities to “grow” the sample in one year intervals. For each
person, they simulate the next year’s income and work status. Thus, as in our study,
they capture differences in race, gender, the number of zero-earnings years, differential
mortality, and wage rates above the cap. They focus primarily on intergenerational
redistributions, finding that while early generations received a good rate of return, post-

war generations receive smaller and even negative rates of return.



-7-
3. WAGE PROFILES, QUINTILES, AND EARNINGS HISTORIES

The data and methodology used to obtain our lifetime wage profiles and
earnings profiles are summarized in the Appendix.3 We use the PSID for the years
1968 to 1989, which gives us twenty-two years of actual earnings data for a sample of
the population. Appendix Al discusses the selection of our sample consisting of 1082
heads and 696 wives. In the PSID, if a household contains a married couple, the
husband is automatically designated as the household head. Thus, most heads in our
sample are male. Of the 386 single heads of household, 118 are female and 268 are
male.

In the first stage, we estimate wage profiles in order to calculate the present
value of potential earnings and to categorize members of our sample into lifetime
income quintiles. The goal of this stage is to divide the heads and wives into lifetime
income groups that identify those who are rich or poor using a broad measure of
economic welfare. To include the value of leisure and the value of home production,
we use potential earnings rather than actual earnings. We assume that each individual
could work a maximum of 80 hours per week (4000 hours per year). Then, in order to
avoid the fluctuations of annual income, we classify individuals according to lifetime
potential earnings. In addition, because of the difficulties in defining the lifetime of a
household, we categorize people on an individual basis.

In the second stage, to look at the impact of social security, we need actual
carnings information from ages 22 to 66. For this reason, we then use our PSID data to
estimate earnings profiles by quintile and gender, and we use the coefficients for each

individual to construct earnings for out-of-sample years.

3 A full description appears in Coronado et al (1998). That paper develops the model and uses it to
evaluate earlier calculations of progressivity of the existing social security system. The current paper
does not evaluate earlier calculations for the existing social security system, but instead evaluates
proposed reforms.



3.1 Lifetime Income

We first estimate potential lifetime income. To begin, we divide each year’s
earnings by hours worked to calculate the annual wage rate separately for each head and
wife. We then use this wage rate and multiply it in each year by 4000 hours to
represent the year's labor endowment. This product represents the potential earnings of
the individual and therefore serves as a measure of his or her material well-being. Using
this endowment allows us to abstract from the actual labor/leisure choice, since
someone who chooses to consume more leisure might be just as well off as someone
who decides to work more and consume less leisure. Using potential income also
avoids the distortion introduced by the fact that home production does not show up in
the data under hours worked. The wage rate is a measure of earning power that reflects
experience, talent, and education.

To construct wage rates for every year of our sample members' working lives,
we use the PSID data to estimate log wage profiles. We estimate separate log wage
regressions for heads and wives. For the heads of household we take all positive
observations for wages, which gives us 19,130 observations on 1082 heads. We
regress the log of the wage rate on an individual fixed effect and other variables like
age, age-squared, and age-cubed. We thus estimate a shape of the wage profile like
those in Figure 1. Because we have a fixed effect for each individual, we cannot use
variables that do not vary over time (like race or gender). However, we do include age
interacted with education, race and gender. The results of this regression are shown in
Table 1. Using the resulting fixed effects and coefficients, we then fill in missing
observations during the sample period, and we fill in observations outside the sample
period. Thus, for each individual, we have a wage rate for every year of their entire

economic life from age 22 to 66.
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To capture potential earnings for each wife, we want a wage rate for each year
whether or not she worked. Non-working wives do engage in household production,
and assigning them a zero wage may incorrectly place them in a low lifetime income
group. The data indicate that wives fall into three basic categories: wives who work on
a regular basis, wives who work in only a few of the sample years, and wives who do
not work at all. For those wives who average more than 750 hours of work, we have
5,413 observations on 307 women. For those who work occasionally, but average less
than 750 hours, we have 2,292 observations on 296 wives. A third group includes 93
wives who do not work at all throughout the sample.

For each of the two groups of working women, we take all positive observations

and regress the log of the wage rate on an individual fixed effect and variables for age

and interaction between age and education.4 The results of these regressions for the
two groups of women can be found in our previous paper (Coronado et al, 1998). We
again use the estimated fixed effects and coefficients to fill in missing observations
within the sample, and to simulate observations outside the sample, so that each woman
has a complete wage profile for ages 22-66. For the 93 women who did not work at all
during the sample, we assign them the median fixed effect for the women who averaged
less than 750 hours of work annually. We then use the coefficients from that group's
log wage regression to fill in the entire profile of potential hourly wages.

Once we have a complete wage profile for each of our heads and wives for ages

22-66, we calculate individual gross lifetime income as:

45
LI= Y P(w,x4000)/1+7r)" |
=1
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where t indexes the forty-five years in the individual's economic lifetime relevant for
social security (ages 22 to 66), where the individual could work a maximum of 80 hours
per week for 50 weeks per year, and where P, is the individual’s probability of survival
to age t. We use two different values for r, the discount rate.

As couples generally pool their resources, it would be inappropriate to place
husbands and wives individually into separate lifetime income quintiles. Thus the next
step is to use a household equivalence scale that accounts for the average net economies
and diseconomies of scale in the different categories of household consumption.

Jorgenson and Slesnick (1987) find that this adjustment means taking the sum of the

couple's incomes and dividing by 1.934, so the implication is net economies of scale.d
Most importantly, this use of equivalence scales is designed to guarantee that a husband
and wife are always placed in the same lifetime income quintile, regardless of their
separate incomes.

We can now deal with all members of our sample as individuals and categorize
them into five lifetime income groups. The first quintile has the lowest income, and
quintile five has the highest income.

3.2 Earnings Histories

In the first stage described above, we divide individuals into lifetime income
quintiles based on a wage profile and the implied present value of their labor
endowment. Individuals are thus separated into categorics based on what we feel to be
an appropriate measure of economic well-being. Because the costs and benefits of
social security are based on actual income, however, we also need profiles of actual
earnings. In this stage we estimate earnings regressions instead of wage regressions.

For each quintile, using our data from the PSID, Appendix A2 describes how we

4 The PSID does not have a race variable for the wives in the sample.
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estimate separate earnings regressions for heads, working wives, and occasional
working wives. In this stage we use both positive and zero earnings observations. We
then use the results of these Tobit regressions to simulate earnings for out-of-sample
years, and we construct a complete profile of “actual” earnings for each individual from
ages 22 to 66. Our methodology allows for the simulation of years with zero earnings.
We then use these profiles in our analysis of the distributional effects of social security.

We estimate our earnings regressions using maximum likelihood separately by
quintile for heads, habitual working wives, and part-time working wives. We thus
estimate a total of fifteen regressions (reported in Coronado et al, 1998). For each
regression for the heads, we begin with independent variables for age, age-squared, age-
cubed, education, education-squared, gender, race, the product of age and education, the
product of age and gender, and the product of age and race. We then eliminate the
variables that are insignificant. For the regressions for wives, we begin by including
age, age-squared, age-cubed, education, education-squared, and the product of age and
education. We again eliminate the variables that were insignificant.

We next use the estimated coefficients from our earnings regressions to simulate
earnings observations for the out-of-sample years for all individuals in our sample, so
that each person has an earnings profile for ages 22 to 66. Unlike the first stage, we do
not also use these coefficients to fill in missing or zero earnings observations during the
sample period. This is because we are interested in actual earnings, and years spent out
of the labor force are relevant for calculating the costs and benefits of social security for
an individual. In fact, we also calculate a representative number of zero earnings years

in the simulated out-of-sample portions of each earnings profile.

5 For all of our couples, we use the equivalence scale estimated by Jorgensen and Slesnick (1987) for an
urban household in the northeastern United States headed by a white person aged 35-44.
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Combining the actual observations with the simulated observations for each
individual yields a complete earnings profile for ages 22 to 66. We next proceed to use
these profiles to analyze the distributional impact of social security. The advantage of
using these estimated profiles is that we can account for entry and exit from the labor
force. These events are relevant when evaluating the redistributive impact of social
security, because benefits are based on earnings histories and allow for a certain number
of years to be dropped before making average wage calculations. Another advantage of
using actual data to analyze the redistributive impact of social security is that we have a
demographically-diverse sample. This diversity affects our analysis in that different
demographic groups have different mortality rates. These differences turn out to be an

important issue in analyzing social security, as described below.

4. INCOME-DIFFERENTIATED MORTALITY

Standard mortality tables extend only to age 85 and are differentiated only by
sex and race. As described in Appendix A3, we extend these data in three ways. First,
we describe assumptions necessary to extend the tables to age 99. Second, since
individuals with low incomes have higher mortality rates than the population as a
whole, we modify the standard tables by using available information on mortality
differentiated by annual income. Third, we then use that information to construct
mortality tables that are differentiated among our lifetime income quintiles. In later
sections we use these tables to compute expected values of social security taxes and
benefits.

Standard mortality tables are provided in Vital Statistics of the United States
(U.S. Department of Health and Human Services, 1993). These tables show the number
(out of 100,000) who remain alive, for each age up to 85. Some prior studies use a

simple procedure in which they compute normal life expectancy at each age and then
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assume that the individual will be alive exactly that long and will die at the date of life
expectancy.S Instead, we use the probability of remaining alive at each age. Based on
standard mortality tables, a hypothetical 22 year-old white male has probabilities of
survival to age 23 of 99.83%, survival to age 65 of 75.82%, and survival to age 85 of
22.34%. We multiply the tax that would be due or the benefit that would be received at
each age by the probability of attaining that age, and then calculate the rate of return on
these expected cash flows. Because all outflows (taxes) occur in the early years, and all
inflows (benefits) occur in the later years, this method will differ considerably from the
other simpler procedure just described.

The National Center for Health Statistics obtains death certificates from all U.S.
states and constructs four "current life tables" (for white males, white females, nonwhite
males, and nonwhite females).” For 100,000 individuals alive at age 0, the table shows
the number surviving at each age 1 through 85. Since 31% of the population is still
alive at age 85, Appendix A3 describes how we extend the tables through age 99.

These expanded mortality tables allow us to weight tax payments and benefits by the
probability of dying in each year from age 22 to 99. Figure 2 shows the extended
mortality for the four race-sex groups.

Many studies have noted that mortality rates for the poor are larger than average.
A Mortality Study of 1.3 Million Persons (Rogot, et al, 1992) provides a rich source of
data on this effect. We use their information on observed deaths, O, and the number of

deaths that would be expected if all income groups had the same mortality rate, E, and

6 For example, a white male aged 22 has a life expectancy of 51.1 years and can therefore expect to attain
age 73.1. This simple procedure would determine the amount of taxes paid and benefits received through
age 73.1 and then calculate the rate of return that equates these present values.

7 “Thus, for example, a current life table for 1989 assumes a hypothetical cohort subject throughout its
lifetime to the age-specific death rates prevailing for the actual population in 1989. The current life table
may thus be characterized as rendering a ‘snapshot’ of current mortality experience, and shows the long-
range implications of a set of age-specific death rates that prevailed in a given year.” (Vital Statistics of
the United States - 1989).
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apply the O/E ratios to each cell in the extended mortality tables. Results for 25-34

year-olds are shown in Table 2, but we derive similar tables for each age group.®

Among white males, Table 2 shows that those in the poorest annual income
group die at a rate that is 168% of the average for their age group, while those in the
richest annual income group die at a rate that is only 61% of the average for their age.
For nonwhite females, the poor die at a rate that is 186% of the average, while the rich
die at a rate equal to 44% of the average.

Although we have the annual income of cach individual in our sample for each
year, we do not just use the corresponding annual income group’s O/E ratio from Table
2 for that person in that year. One problem is that annual income levels would have to
be adjusted for inflation and growth to match up with the 1980 levels in Table 2. A
second problem is that an individual with a steeply hump-shaped earnings profile (as in
Figure 1) would have a probability of dying that falls dramatically during high-annual-
income years and then rises again during low-annual-income years. We do not believe
that the same individual’s probability of death changes that rapidly with annual income,
jumping over other individuals in the same age cohort whose annual incomes are not so
volatile. Instead, the probability of dying is more likely affected by the individual’s
lifetime income group. To solve both of these problems, our procedure described in
Appendix A3 is based on the relative ranking of each individual’s lifetime income. A
person in a particular percentile of the lifetime income distribution gets the O/E ratio of

a person in the same percentile of the annual income distribution.?

8 Income-differentiated mortality rates are also employed by Caldwell et al (1999, this volume) and Lee,
McClellan, and Skinner (1999, this volume).

? Thus, even if two retirees have the same low annual income, the one with higher lifetime income is
assumed to have a lower mortality probability.
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5. SOCIAL SECURITY TAXES PAID

This section describes how our calculation of social security tax for each person
in each year follows the provisions of the Social Security Administration. This tax is
commonly referred to as the FICA tax (Federal Insurance Contributions Act). It is
collected on earned income and consists of three portions: Old Age and Survivors
Insurance (OASI), Disability Insurance (DI), and Hospitalization Insurance (HI), also
known as Medicare. The proceeds from these taxes are deposited into three separate
trust funds, and benefits are paid from the appropriate fund. The program has become
almost universal -- 95% of all employment in the U.S. is covered.10

The tax is deducted from employees' pay at a rate of 7.65% of wages, but
employers match those deductions for a total tax of 15.3%. Self-employed individuals
pay the entire 15.3% tax annually with their income tax returns. Both the employee and
employer share of the tax is collected on wages up to an annual maximum amount of
taxable earnings -- the social security wage cap ($68,400 for 1998). This cap is
adjusted automatically each year with the average earnings level of individuals covered
by the system, thereby accounting for both real wage growth and inflation.

Since an objective of our research is to measure each worker’s return on social
security taxes, the question arises: how much of the total tax does the worker bear?
Using only the statutory incidence (the worker’s half) would result in much higher
returns than using the combined employer and employee portions. Hamermesh and

Rees (1993, p. 212) review empirical work on payroll tax incidence and conclude that

180 Coverage may be excluded for: federal civilian workers hired before 1984 who have not elected to be
covered; railroad workers who are covered under a similar but separate program; certain employees of
state and local government, covered by their state’s retirement programs; household workers and farm
workers with certain low annual incomes; persons with income from self employment of less than $400
annually; and those who work in the underground, cash, or barter economy who may illegally escape tax.
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the worker bears most of the employer’s share of the tax through reduced wages. We
therefore base our estimates on the combined employer and employee tax.!1

Our focus is the retirement portion of the social security system, not the
disability insurance or hospital insurance. Of the total 15.3% employer and employee
tax, 10.6% is for Old Age and Survivors Insurance (OASI), 1.8% is for Disability
Insurance (DI), and 2.7% is for Medicare (HI).12 The OASI portion of the tax is paid
directly to the OASI Trust Fund, which is used to pay all retirement benefits. We
therefore ignore the DI and HI portions of the tax, as well as benefits paid from the DI
and HI Trust Funds.

Table 3 shows the combined OASI tax rate for selected years since 1940, ending
with the 10.6% rate for 2000 and beyond (as used in this study). The next two columns
show the wage cap, and the maximum possible tax.

In our study, we calculate the present value at age 22 of mortality-adjusted
social security taxes and benefits through age 99. The probability Py of the individual
being alive at age j is conditional on being alive at age 22, and it is computed from the

constructed tables (for each age-race-sex-income cell) by:

P;; = (Number in cell i alive at age j)/(Number in cell i alive at age 22)

11 panis and Lillard (1996) point out that because the employer's portion of the payroll tax is deductible
against the employer’s income tax, the net cost to the employer is lower than the full amount of the
payroll tax paid. Like Panis and Lillard, however, and for comparability with other studies, we treat the
entire amount of the payroll tax as the employee's cost of social security coverage. In effect, we look at
the social security system only, without any income tax. The combined incidence is not equal to the sum
of the parts, but we cannot say whether the income tax affects the incidence of social security, or social
security affects the incidence of the income tax.

12 These allocation percentages are for the year 2000 and beyond. Congress “temporarily” increased the
portion going to DI for the years 1994 to 1996, followed by a reduction for 1997-1999. The 1998
allocation is: OASI - 10.7%, DI 1.7%, and HI - 2.9%.
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Our sample from the PSID includes observed and constructed earnings for each
individual from age 22 through the age of retirement. To obtain steady-state taxes and
benefits under current law, however, we look at a hypothetical future cohort with a birth
year of 1990. We therefore take Ng;j, the “observed” nominal earnings of individual 1
in year j, and we convert it to the corresponding future-cohort individual’s nominal
earnings, Npg;, using the ratio of projected average earnings in the future year (AEg) to

observed average earnings in the PSID sample year (AE;):

Nij = Noij(AE4/AE;)

Since 1951, the Social Security Administration has computed Average Earnings, the
average annual earnings of all workers covered under the Act. We project this Average
Earnings into the future using assumptions about future real wage growth and
inflation.!3 Next, to compute SSTj; , the social security tax of person 1 in year j, we
take:

SSTij =TXx Miﬂ(Nij, CAP})

where T is the combined OASI tax rate (which is constant with unchanged law), and

CAP; is the maximum nominal earnings subject to the OASI tax (which increases with

inflation). Then the amount that the individual expects (at age 22) to pay in year j is:

Ezz(SSTij) = SSTij X ij

13 We use actual inflation and growth to scale observed PSID years up to 1995. Since amounts in
simulated future years are indexed, the subsequent inflation and growth rates are set to zero.
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That is, the future tax is only paid with the probability Py that person i is alive at age
J- These amounts are used below, either to calculate an internal rate of return, or to

calculate a present value using a particular discount rate.

6. SOCIAL SECURITY BENEFITS

Under provisions of the Social Security Act, benefits are calculated from a
progressive formula based the individual’s Average Indexed Monthly Earnings (AIME).
Our calculations follow the Social Security Administration’s computation of AIME
upon the individual’s retirement. In particular, earnings prior to age 60 are indexed to
average wages in the year the individual attains age 60. The method of indexing is to
multiply the nominal earnings in year j by the ratio of Average Earnings in the year
age 60 was attained to Average Earnings in year j. Earnings after age 60 are not
indexed. A person who worked from age 22 through age 64 (retiring on his or her 65th
birthday) would have a total of 43 years of earnings. Under the Act, only the highest 35
years are considered, so the eight lowest years of earnings will be dropped. AIME is
the simple average of the indexed earnings in those 35 highest-earnings years.14

Next, the Primary Insurance Amount (PIA) is calculated as 90% of AIME up to
the first bend point, plus 32% of AIME in excess of bend point 1 but less than bend
point 2, plus 15% of AIME in excess of bend point 2. In 1995, bend point 1 was $426

and bend point 2 was $2,567. If AIME were $3,200, for example, the PIA would be:

PIA = .90x(426) + .32%(2,567-426) + .15x(3,200-2,567) = $1,163.47

14 The language of the Act specifies dropping the five lowest years of eamnings through age 61. Then, if
the worker has years of earnings after age 61 that are higher than some of the undropped years of earnings
before age 62, the higher post-61 eamings will replace the lower pre-62 earnings. The net effect for a
worker retiring at age 63 is to drop the eight lowest pre-65 years.
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Like the cap on earnings, the bend points are adjusted annually by the proportional
increase in Average Earnings. We calculate this PIA for each worker in the sample,
which then becomes the basis for all social security benefit calculations.

A retiree is entitled to a benefit equal to the Primary Insurance Amount upon
normal retirement at age 65. Legislation already enacted will increase the retirement
age by two months each year beginning in 2000, so that by 2005 the normal retirement
age will be 66. Another two month per year increase will begin in 2017, resulting in a
normal retirement age of 67 after the year 2021. A worker may still choose to retire as
early as age 62, with reduced benefits.1> In contrast, if a worker elects to delay receipt
of benefits to an age as late as 70, the eventual benefits are permanently increased by
5% per year of delay.1¢ Our calculations below ignore these provisions for early or late
retirement, as we assume workers (and their spouses) always choose the normal
retirement age.17

In addition to retirement benefits for covered workers, the OASI Trust Fund
provides certain benefits to the spouse and other dependents of retired or deceased

workers. In the aggregate, the non-spousal survivor benefits are relatively minor.18 We

15 This early retirement penalty is a permanent reduction in the PIA of 5/9% for each early month (6.67%
for each early year). For example, a worker retiring at age 62 when the normal retirement age is 65
would receive a benefit for the rest of his or her life that is reduced by 20%.

16 Under the Act, the 5% per year premium is scheduled to increase gradually to 8% per year for workers
reaching age 65 in 2008. The increase applies only for delayed retirement up to age 70. Beyond age 70,
no further incentive is provided to delay benefits.

17 This assumption does not affect progressivity unless the chosen date of retirement differs by income.
If low- income individuals tend to die earlier, then they might optimally retire earlier, so the availability
of this option might be progressive.

18 In 1996, a total of $302.9 billion in benefits were paid from the OASI trust fund. Of that total, $288.1
billion was paid as retirement benefits to retired workers or their spouses, and only $14.8 billion (4.9%)

was paid for other survivor and miscellaneous benefits (Annual Statistical Supplement - 1997, Table
4A.5).
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account for payments to a surviving spouse, but we ignore the non-spousal survivors
benefits and therefore slightly understate the rates of return.

The spouse of a retired worker can receive the greater of the benefit based on his
or her own earnings, or one-half of the PIA of the retired worker (designated as the
"spousal benefit"). The age at which a spouse may receive the full spousal benefit is the
same normal retirement age as for a retired worker. The spouse may elect to receive the
benefit as early as age 60, providing that the working spouse has retired.1® No premium
is provided for delaying the spousal benefit, but we always assume normal retirement
age anyway. Then, once spousal benefits have begun, cost of living adjustments for the
spousal benefit are handled in the same manner as for the worker's benefit.

The spouse of a deceased worker can receive the higher of the benefit based on
his or her own earnings, or 100% of the benefit to which the retired worker was entitled.
The benefit based on the deceased worker's benefit is called the “survivor benefit.”

Our calculations of these amounts are detailed in Appendix A4. Our PSID
sample provides a complete history of observed and constructed earnings for each
individual in the sample for ages 22 through 66. They then retire when they turn 67, the
normal retirement age under current law for that future cohort of individuals. We use
those earnings to compute indexed earnings, Average Indexed Monthly Earnings
(AIME), the Primary Insurance Amount (PIA), the Spousal Benefit (SpBen), and the
Survivor Benefit for the surviving spouse (SurvBen) in exact accordance with

provisions of the Act.

19 However, the penalty for receiving the spousal benefit is somewhat higher than the worker's penalty:
25/36% for each of the first 36 months (8.33% per year) before normal retirement age, plus 5/12% (5%
per year) for each of up to 24 additional months before normal retirement age. A 62 year-old wife of a
retired worker would be entitled to a spousal benefit equal to 75% of the normal 50% of the retired
worker's PIA.
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7. RESULTS FOR THE CURRENT SOCIAL SECURITY SYSTEM

We use procedures described above to calculate the mortality-adjusted tax and
benefit in each year for each individual in each of our lifetime income quintiles. Then
we use three different measures to gauge the distributional effect of the social security
system (and later, proposed reforms). First, for each simulation, we compute the
present value, at age 22, of the benefits to be received minus the taxes paid. We then
add over the individuals in each lifetime income quintile. This measure indicates the
absolute size of the social security transfers between income groups. The discount rate
should reflect a real rate of return that would be available to participants in the system,
and that would provide for the same certainty as does the Social Security System. The
Trustees of the Social Security System currently use a rate of 2.8% for their long-term
estimate of real returns.2? Ibbotson Associates (1998) reports on historic rates of return
for various portfolio investments. For the period 1935 to 1997, the average inflation
rate was 4.0%, and the nominal return on intermediate-term U.S. Treasury obligations
was 5.4%, so the real rate of return was 1.4%.2!

For one choice of discount rate we use 2%, which lies between the forecast rate
earned by the OASI trust fund on its investments (2.8%) and the historical average of
real returns on government bonds reported by Ibbotson (1.4%).22 To test the sensitivity

of results, we also use a discount rate of 4%. As shown below, the choice of rate

20 In arriving at that rate, they forecast inflation at a long-term rate of 3.5%, and a nominal interest rate
of 6.3% on the special-issue U.S. Treasury obligations that are purchased by the OASI trust fund.
Whether to use a before-tax or after-tax discount rate depends on one’s assumption about what alternative
retirement investments are available.

21 The nominal return on long-term Treasury obligations was actually lower, 5.3%, for a real return of
1.3%. Investing in U.S. Treasury Bills, which are the benchmark for risk-free investments, yielded a
nominal return of 4.0%, and a real return of 0%.

22 Other studies of social security redistribution have used rates on either side of 2%. Myers and Schobel
(1983) use 2%, Hurd and Shoven (1985) use 3%, Boskin, et al (1987) use 3%, Duggan, et al (1993) use
1.2%, Steuerle and Bakija (1994) use 2%, and Gramlich (1996) uses 2.3%. In contrast, Caldwell et al
(1999) use 3%, 5%, or 7%.
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impacts not only the absolute size of the present value gains or loss for each group but
also the pattern of progressivity

Second, we also express the present value of net benefits as a percentage of the
present value at age 22 of the lifetime endowment (discounted at the same rate). This
scaling reveals the relative progressivity of the system. If the same absolute net benefit
is provided to all individuals, that benefit would constitute a higher percentage of
lifetime income in the lowest quintile. Such a system would typically be called
progressive.

Third, we ignore the chosen discount rate, and we calculate the internal rate of
return that equates the present value of benefits with the present value of taxes. This
IRR has become an almost universal tool for measurement of social security taxes and
benefits, and we include it for comparability with other studies.

Our initial simulations use the enacted provisions of the Social Security Act,
applied to a future cohort born in 1990. Results without income-differentiated mortality
are presented in Table 4. For each quintile, this table shows the average undiscounted
taxes paid and benefits received, as well as the present value of net benefits, and the
internal rates of return from the streams of taxes and benefits. These results could be
viewed as the distributional impact of an extreme reform — repeal of the whole social
security system.

The reason for showing undiscounted taxes and benefits is to shed some light on
the overall solvency of the social security system. Our model cannot project actual
inflows and outflows, since we do not use demographic forecasts, but a conceptual
point can be made about solvency in a world with unchanging demographics: with a
constant number of entering 22-year-olds in each of the sex-race-income cells in our
model, the undiscounted sum of taxes paid for an individual ($102,700) equals the sum

of taxes paid by all ages alive at one time. Similarly the undiscounted sum of benefits
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($161,600) is the sum of benefits paid out to all ages alive at one time. On this basis,
the pay-as-you-go social security system loses the difference ($58,900 per 22-year-old)
each year.23

Table 4 shows the progressivity of the current social security system.
Individuals in the lowest lifetime income quintile pay lifetime taxes of $64,700 and can
expect to receive lifetime benefits of $125,700. Those benefits come later in life,
however, so the present value at age 22 is a net loss of $1,300 (using the 2% discount
rate). This net loss is 0.17% of their discounted lifetime endowment. In contrast, the
highest income group pays taxes of $141,400 and receives benefits of $187,000, but
discounting net benefits at 2% to age 22 results in a present value loss of $30,100,
which represents 1.33% of the present value of their lifetime income.

The internal rate of return (IRR) is 1.92% for the lowest income group and
0.85% for the highest income group.?* Viewing these results, one might say that the
social security system is highly progressive. Unfortunately, however, the IRR can be
very sensitive to small changes in parameter values. Moreover, the tax incidence
literature usually defines progressivity by an average tax rate that rises with income. In
our model, the lifetime average tax rate is the present value of net tax divided by the
present value of income. This ratio increases from 0.17% for the lowest income group
to 1.33% for the highest income group. By the usual definition, then, the social security

system is progressive.

23 If we multiply this $58,900 figure by the number of 22-year-olds alive in 1994 (about 3.7 million), we
get a total loss of about $220 billion per year. This figure lies between the “low” and the “high” deficit
projected by the Board of Trustees of the Social Security System (1998). When converted into 1995
dollars, their “intermediate” projected deficit for 2075 is $480 billion, but that includes DI and pertains to
alarger population.

24 Caldwell et al (1999, this volume) also find that the IRR falls, from their lowest lifetime labor earnings
group to their highest lifetime labor earnings group.
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When the discount rate is raised to 4%, the taxes in working years become even
larger relative to the benefits received in retirement years. The present value net loss
rises from $1,300 to $16,700 for the lowest income quintile and from $30,100 to
$43,300 for the highest quintile. These losses are all now close to 3% of the present
value of lifetime endowment.25

What differences do we anticipate with the introduction of income-differentiated
mortality? Since individuals with low incomes have shorter than average lifespans,
they would receive benefits for a relatively shorter period. Thus we expect less
progressivity. Results with income-differentiated mortality are shown in Table 5. For a
rough measure of progressivity, consider the difference between the two groups’ net tax
rates. In the non-differentiated results of Table 4, the net tax rate was 0.17% for the
lowest quintile and 1.33% for the highest quintile, for a difference of 1.16%. In the
income-differentiated results of Table 5, these numbers are 0.60% and 1.01%, for a
difference of only 0.41%.2¢ Since the measure of progressivity falls from 1.16 to 0.41,
we conclude that the consideration of income-differentiated mortality has reduced the
progressivity of the social security system by more than half.

An increase in the discount rate cuts progressivity by more and can even make
the overall social security system regressive. In the last column of Table 5, with 4%
discount rate, the net tax rate on the lowest-income quintile (3.31%) is higher than on

the top-earning quintile (2.55%). In general, a higher discount rate reduces the present

25 These results are consistent with those of Caldwell et al (1999, this volume). Because we divide the
net tax by the present value of potential earnings for 4000 hours per year, our net tax rates are lower than
when they divide the net tax by the present value of actual earnings.

26 At the same 2% discount rate but without income-differentiated mortality, in Table 4, the ratio of net
tax to lifetime income rises monotonically with income. When income-differentiated mortality is
introduced in Table 5, the ratio is hump-shaped. It rises from the lowest to the middle group and then
falls for the highest two groups.
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value of progressive benefits received during later retirement years by more than it

reduces the present value of regressive taxes paid during earlier working years.

8. PROPOSED REFORMS TO THE SOCIAL SECURITY SYSTEM

A large number of recent articles on social security reform have dealt with
privatization of the system or other large-scale overhauls of the program (e.g. Kotlikoff
et al, 1998). If complete privatization were to provide actuarially-fair returns, with no
redistributions between individuals, then the effects of complete privatization in our
model are exactly the reverse of having the current social security system (in Tables 4
and 5).

However, political considerations may preclude radical reforms. Because of the
currently-projected deficits in the long run, realistic reforms might just require one or
more changes to raise taxes or reduce benefits within the context of the current system.
We therefore consider piecemeal reforms like increasing the retirement age, changing
the manner in which the benefit is computed, increasing the payroll tax, or decreasing
the overall level of benefits. All of these reforms were considered by the 1994-1996
Advisory Council on Social Security (1997).27
8.1. Elimination of the Drop-Years Provision

As discussed above, a worker’s Average Indexed Monthly Earnings (AIME) is
computed by adjusting each year’s earnings for inflation and real wage growth, and then
dropping the lowest five years of pre-age-62 indexed earnings. In addition, if the

individual works beyond that age, non-indexed earnings for those additional years may

2T The Advisory Council issued a list of consensus recommendations and three non-consensus sets of
other recommendations. Consensus recommendations included two of our proposed reforms -- increase
the period over which wages are averaged in the benefit formula and increase the normal retirement age
beyond 67. Two of the three non-consensus groups proposed various types of benefit reductions (another
of our reforms), while one of the groups proposed increasing the payroll tax (our final reform).
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be substituted for any lower year’s earnings. Thus, for a worker retiring at age 65, a
total of eight low-earnings years may be dropped. By 2020, when the normal retirement
age is 67, a total of ten years may be dropped.

The effect of the “drop” provision is to increase AIME and therefore to increase
benefits most for individuals who have high variability in their lifetime earnings pattern.
For example, suppose one individual had level earnings for all working years, while
another had the same earnings each year except for ten years with no earnings. The first
individual pays substantially more social security tax but receives the same benefit as
the second individual who took ten years off.

Steuerle and Bakija (1994) assume that higher-earning individuals have higher
carnings variation than do lower-earnings individuals, and they point out that this drop-
years provision is not likely to be progressive.28 Williams (1998) has similar findings.
The model in this paper can be used to evaluate this point about the progressivity of the
drop-years provision.

Our first simulated reform is to delete the drop-years provision, which means
that all earnings for ages 22 through 66 are included in the AIME computation. This
reform reduces every individual’s net benefit and internal rate of return. Results for our
five lifetime income groups are shown in Table 6. Without income-differentiated
mortality, in the left-hand side of Table 6, the absolute decline in net benefits is fairly
flat across these groups, falling by $5,700 in both the lowest income group and the
highest income group. In relative terms, however, the effect is fairly regressive. The

same $5,700 decline in net benefits represents 0.75% of lifetime income for the lowest

28 “The (dropout years provision) is hardly progressive. Among its beneficiaries are those who delay
entrance into the full time labor force to attend college and graduate or professional school... Dropout
years especially tend to discriminate against those lower-wage workers who enter the labor force at a
younger age and stay in the labor force throughout most of their adult lives” (Steuerle and Bakija, 1994,
p.185).
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quintile and only 0.25% of lifetime income for the highest quintile (a regressive spread
of 0.50%). We also examine results by marital status and gender, finding the same
pattern throughout: the elimination of the drop-years provision is somewhat regressive
(across income groups) for all demographic categories.

With income-differentiated mortality, in the right-hand side of Table 6, this
reform appears slightly less regressive. The lowest quintile has a decrease in net
benefits equal to 0.68% of lifetime income, while the highest quintile has a decrease of
0.29% (a regressive spread of only 0.39%).

To explain the difference between anticipated and actual results, Table 7 shows
the change in AIME and the change in lifetime benefits for each quintile. Eliminating
the drop-years provision causes a reduction in the Average Indexed Monthly Earnings
calculation for low income individuals of 19.8% and a reduction for the highest income
group of 17.7%. Thus, variability of earnings is not materially different. Since the
benefit formula is progressive, however, the reduction in AIME for high-income
individuals generates a relatively lower percentage decrease in their benefits compared
to the same percentage decrease in AIME for lower quintiles. Thus, approximately
equal proportional reductions in AIME result in a larger percentage cut in benefits for
low-income workers than for high-income workers.

8.2. Increase in Retirement Age

The adoption of age 65 as the normal retirement age for social security can be
traced to nineteenth century Germany. Steuerle and Bakija (1994) report that when the
first German universal retirement system was introduced, Bismarck apparently chose an
age beyond which relatively few survived. Since the Social Security Act was passed in
1936, the average life expectancy has increased by almost four years, and the Social
Security Administration expects the trend to continue into the next century. A male

who was 65 in 1936 could expect to live to age 76.6 (11.6 years beyond age-65
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retirement), while his counterpart in 2026 can expect to live to 81.6 (16.6 years of
retirement).2?

Already-enacted amendments to the Social Security Act will gradually increase
the normal retirement age to 67 by the year 2020.3¢ We now analyze a reform that
would further increase the retirement age beyond the scheduled increase to age 67 --
increasing the duration of tax collections and decreasing the duration of benefits.

How much to increase the retirement age? We want to analyze and compare the
distributional effects of reforms that have the same overall impact on social security.
Each reform may reduce benefits or raise taxes, or both, so we standardize all reforms
to have the same net impact on the social security shortfall as the elimination of the
drop-years provision. As shown above, the annual net shortfall is the sum of
undiscounted benefits (paid out to all ages alive at one time) minus undiscounted taxes
(received from all ages alive at one time). In Table 4, the current system’s shortfall is
$58,900 per 22-year-old. As it turns out, the elimination of the drop-years provision
reduces the average undiscounted net benefits from $58,900 to $43,400. We then use
that net revenue gain ($15,500) as our target for the other reforms.3! To achieve this

target through a change only to the retirement age, we increase the retirement age from

67 to 68.4 years.32

29 If medical technology tends to increase the quality of life as well as the length of life expectancy, then
it might be natural to suppose that people can work to older ages as well as live to older ages.

30 Workers will still be able to retire as early as age 62, but with a larger penalty. While a current age-62
retiree receives 80% of the full benefit, the eventual age-62 retiree receives only 70% of the full benefit.

31 Again, our measure of revenue is somewhat stylized, since we do not have detailed demographic
projections. It is the real revenue that would be collected in any one year of the future steady state growth
path with unchanging demographics, adding over all income groups and ages alive in that year.

32 The same target can be achicved by a 15.1% increase in the tax rate or by a 9.6% decrease in all
benefits. With income-differentiated mortality, the current system’s shortfall was $62,300 (per 22-year-
old). Eliminating the drop-years provision reduced that shortfall to $46,600, so the net revenue target in
that case is $15,700. This target is also met by an increase in the retirement age from 67 to 68.4, by a
15.3% increase in the tax rate, or by a 9.5% decrease in all benefits.
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We further assume that individuals will continue to work until normal retirement
age, even when the normal retirement age is increased. Since the number of years in the
work force is increased and the expected number of years of drawing benefits is
reduced, this reform results in higher taxes and lower benefits -- a reduction in net
benefits and in the internal rates of return for all workers.

Table 8 shows that the present value of net benefits falls more for high-income
groups. The 1.4 years of additional work and delay of benefits hits the higher income
groups harder in absolute terms. When we divide the decline in net benefits by the
income of each group, however, the distributional results are shown to be regressive.

To explain this overall regressive result, note that individuals pay the regressive tax for
a longer period and receive the progressive benefit formula for a shorter period.

Comparing the left-hand and right-hand side of the table shows that
consideration of income-differentiated mortality reduces somewhat the regressive
nature of this reform.

8.3. Increase in the Social Security Tax Rate

Prior to 1990, the social security tax rate was increased frequently -- a total of 20
times from the inception of the System. Some of these increases are shown in Table 3.
Amendments to the Act in 1983 provided for a constant total tax rate of 15.3% from
1990 onward, and Congress appears very reluctant to increase the tax beyond that level.
Nonetheless, the target reduction in the social security shortfall could be achieved by a
simple increase in the rate of tax.

To raise net revenue by the same amount as the first two reforms, the OASI
portion of the payroll tax must be increased by 15.1% (from 10.6% to 12.2%). This
reform leaves benefits unchanged.

As shown in Table 9, this reform imposes higher additional tax on higher

income groups. As a fraction of lifetime income, however, the change is somewhat
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regressive. Note that social security always combines a regressive payroll tax and a
progressive benefit formula. The net effect could go either way. In this reform, all
individuals pay more of the regressive tax with no change in benefits, so the net effect is
regressive.

With income-differentiated mortality, the right-hand side of Table 9 shows that
this reform is about equally regressive. Mortality assumptions matter less for this
reform because taxes are paid earlier in life while mortality rates are smaller.

8.4. Decrease in the Overall Benefit Level

The social security benefit formula is progressive: 90% of AIME up to the first
bend point, 32% of AIME between bend point 1 and 2, and 15% of AIME, if any,
beyond bend point 2. These rules for social security benefits were amended frequently
prior to the 1977 amendments. Since 1977, the only increases in benefits have resulted
from automatic inflation and real wage growth increases in the "bend points" of the
benefit formula. Nevertheless, one approach to cutting the shortfall in the social
security system is to decrease the overall level of benefits.

If every annual benefit were reduced by 9.6%, then the annual revenue shortfall
would be reduced by the same amount as in the first three reforms. Table 10 shows that
this reform would provide the low-income quintile with the smallest cut in the dollar
amount of net benefits received. In relation to income, however, the change is
regressive. An individual in the lowest lifetime income group gives up net benefits
equal to 0.54% of lifetime income, while one in the highest group gives up only 0.27%
of lifetime income. The regressive nature of this change is inherent since the regressive
tax is unchanged while the progressive benefit formula is reduced. With income-

differentiated mortality, however, the change is not as regressive.
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9. CONCLUSION

Social security redistributes not only from young to old, but from rich to poor.
The amount of that latter redistribution is the subject of this paper. We look at a large
sample of individuals from the PSID, estimate their lifetime potential earnings, and
categorize them into quintiles. We also use observed actual earnings in the sample
years and construct earnings in other years to obtain an entire earnings history for each
individual. These histories are used to calculate social security taxes in each working
year and benefits in each retired year.

Standard mortality tables stop at age 85, and they are not differentiated by
income. In this paper, we extend mortality tables to 99 years of age, and we use
evidence on mortality differences by annual income groups to develop tables that differ
among our lifetime income groups. Without income-differentiated mortality, the social
security system is fairly progressive across our five lifetime income categories. With
our income-differentiated mortality tables, however, a major portion of the progressivity
of the social security system disappears. Remaining progressivity can be reduced or
reversed by an increase in the discount rate.

Finally, we analyze four reforms that would raise the same amount of revenue.
Since social security taxes are regressive and benefits are progressive, however, any
across-the-board increase in tax or decrease in benefits is a regressive change. The
consideration of income-differentiated mortality somewhat reduces the regressivity of

the reforms.



APPENDIX: DATA AND METHODOLOGY

This appendix is divided into four parts, describing the selection of the sample
from the PSID, the estimation of earnings profiles, the derivation of income-
differentiated mortality, and the calculation of social security benefits.

Al. Data

We select our sample from the PSID based on three criteria. First, our sample
members are not taken from the low-income subsample of the PSID. While the data
contain weights so that the low-income sample can be merged with the representative
sample, we felt that the representative sample provided sufficient data for our purposes.
Second, we require that sample members remain in the sample for the entire period.
Survey respondents may have died, or simply decided that the survey was no longer
worth their time. Including those who dropped out of the sample was judged not to be
worth the possible distortion in the data and additional computational work required to
track these individuals. Third, we require that sample members do not change marital
status during the sample period. It is difficult to incorporate changes in marital status in
an analysis of lifetime incomes. We thus decided to include only those individuals whose
status did not change, despite the biased sample selection this implies.

As our analysis is intended to reflect a steady state, we abstract from real
economic growth that occurred during our sample period. We want to isolate life-cycle
movements in wages so that our wage profiles are not specific to one generation during a
particular time frame. Adjusting for economic growth and inflation yields lifetime wage
profiles that can be used to analyze the distributional impact of social security in a more
general, structural sense. We therefore adjust the nominal wage rate using the Social
Security Administration's Average Wage Index, which reflects growth in average
nominal wages over the sample period. Using this index to deflate wages thus removes
the effects of both inflation and real growth in wages.

We want to estimate a wage regression for the working wives like we do for the
heads, but we question the idea of pooling the positive observations of the wives who
work consistently throughout the sample with those who work only occasionally. We
found that a woman would have to work at least 750 hours a year throughout her
working life, an amount slightly less than half-time, to have her own social security
benefits be greater than the spousal benefits she could receive based on her husband's
earnings (assuming she earns the same wage as her husband). Thus, we divide the
working wives into two groups based on whether or not they averaged at least 750 hours
of work per year throughout the sample. We ran our log wage regressions separately for
the two groups, and then ran another one pooling the two groups, in order to perform an
F-test. The results suggest that these two groups should indeed be analyzed separately.
These regressions are described in the text.

A2. The Estimation of Earnings Profiles

For each of our lifetime income quintiles, we estimate separate earnings
regressions for heads, habitual working wives, and part-time working wives. Our
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dependent variable is actual annual earnings. As in the first stage, we deflate earnings by
the Social Security Administration's Average Wage Index to adjust for both inflation and
real economic growth. Since earnings represent a continuous variable truncated at zero,
we use a Tobit framework for estimation. Here we assume that earnings is the product
of optimal hours of work and a wage rate that is exogenous to the individual. Optimal
hours of work can be positive or negative, so optimal earnings can be described as a

latent variable, y*:

yx* = Xzﬂ +£i H

where X is a vector of personal characteristics that determine the individual's wage and
desired hours of work. We assume that observations of zero hours worked imply that
desired hours of work are less than or equal to zero. Actual earnings, y, are observed

only if y* is greater than zero. If y* is less than or equal to zero, then actual earnings
are zero:

yi=y; if yi >0
y; =0 if YTSO

In the first stage described above, in which we divide people into lifetime income
quintiles, our dependent variable was log wages. Thus we use generalized least squares
estimation with individual fixed effects. In this second stage, the Tobit model is
nonlinear. We judged that the additional programming effort to include fixed effects in
our Tobit estimation was not worthwhile, given that such estimation also implies
inconsistent parameter estimates (Heckman and MaCurdy 1980). By excluding fixed
effects in this stage, we are able to include race, gender, and education variables in the
earnings regressions without interacting them with age.

To simulate out-of-sample observations, we multiply the independent variables of
each individual by the appropriate coefficients from their group's earnings regression. In
addition, we include a random component, which we obtain by using the estimated
standard error of each group's regression to generate a normally-distributed random
variable. This random component is intended to represent unforeseen circumstances that
affect earnings. It also means that individuals with the same observed characteristics will
not have the exact same earnings profile. Simulated earning observations are thus
calculated as:

j\)i = XiB+éi »

where [ is the vector of estimated coefficients from our earnings regressions, and € is
the random component obtained by using the standard error of the regression to generate
a random variable. Using this procedure, both positive and zero observations are
generated. We found that the number of zeros generated for each group is consistent
with the number of zero observations observed for that group during the sample years.

A3. Derivation of Extended, Income-Differentiated Mortality
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To extend the mortality tables from age 85 through age 99, we make three
assumptions. First, we assume that the probability of remaining alive beyond age 85
decreases annually by a constant amount (Faber and Wade, 1983). Second, we set to
zero the probability of remaining alive after age 99. This age seems a reasonable cut-off
point, since less than 0.7% of all social security beneficiaries are older than 95 (Annual
Statistical Supplement, 1995). Third, given these two conditions, we find the constant
annual change in the probability each year for each sex-race group such that the resulting
set of probabilities yields the same life expectancy at age 85 as in the Vital Statistics.
The result was shown in Figure 2.

Table 7 in Rogot et al (1992) shows information on actual deaths in their sample
for each annual income group, within each race-sex-age group. For example, consider
white males, ages 25 to 34. For each range of income (e.g. $10,000 to $14,999 in 1980
dollars), their table shows the number of individuals in their sample (N=14,563), the
number of observed deaths during the sample period (O=115), and the number of deaths
that would be expected if all income groups had the same mortality rate (E=92.2). They
then divide to get the Observed/Expected ratio (O/E=1.25). Actual deaths in that low-
income group are 25% higher than what would be expected using tables not
differentiated by income.

We know the annual income of every individual in our PSID sample, so we need
to exclude the "unknown income" category from the table in Rogot et al (1992). If we
simply ignored this category, the overall O/E ratio would not be 1.0 for all income
groups together. For this reason, we recalculate the expected deaths based on the subset
of their individuals for which income is known, and recalculate O/E ratios for each
group. The average of these new O/E ratios is 1.0, as desired. We then apply the
appropriate ratio to each cell. Results for 25-34 year olds are shown in Table 2.

Finally, since annual income is volatile, we do not want to apply these annual-
income-differentiated O/E ratios to the annual income of each person each year. Instead,
we base differential mortality on lifetime income, in three steps. First, after we compute
the present value of lifetime income for each of the 1,786 in our PSID sample, we assign
each individual a ranking compared to all individuals in our sample. For example, an
individual whose lifetime income ranks 432 out of the 1,786 individuals is ranked in the
24" percentile. Second, for each of the annual income groups in Table 2, we likewise
determine percentile rankings based on income (shown in the third column). Third, for
each individual in our sample, we match the percentile of their lifetime income to the
percentile for the same age-race-sex category in Table 2. For example, a white female
aged 27 who has lifetime income at the 24" percentile would be matched to the $10,000-
$14,999 annual income group (which lies between the 18™ percentile and the 36"
percentile). That individual would then be assigned that group’s O/E ratio for white
females (1.17). Finally, this ratio is used to scale the probability of death for that
individual’s age, sex, and race in the Vital Statistics (which are not differentiated by
income).

A remaining problem, however, is related to causality: our procedure essentially
uses the individual's income as a determinant of death, even though the annual income
levels in Table 2 may be determined in part by illness immediately preceding death. This



_Ad-

problem is somewhat mitigated by the fact that the CPS data used by Rogot et al (1992)
is based on total combined family income, rather than just the decedent’s income.

Ad4. Calculation of Social Security Benefits

Every variable in this appendix is specific to each individual, but we drop the
index i for expositional simplicity. For an unmarried individual, the social security
benefit at age j is:

BENJ = PIAJ X CPIGZJ

where PIA is the Primary Insurance Amount, CPlg,; is the cumulative inflation index
from age 62 to the age at which the benefit is computed. Then the mortality-adjusted
benefit is:

EZZ(BENJ') = BEI\IJ X Pj

where Ezz(BENj) is the expected value at age 22 of the benefit to be received at age j,

and P; is the conditional probability of survival to age j, given survival to age 22. For
married individuals, the basic benefit is computed in the same manner. We compute the
spousal benefit for the wife (or analogously, the husband) as:

SpBEN; = 0.5 x SBEN;; ,

where SpBEN; is the spousal benefit at wife's age j, SBENj, is the husband's PIA
adjusted for inflation to age js, and js is the husband's age when the wife is age j.
Similarly, we calculate the survivor benefit:

SurvBEN; = SBEN;

where SurvBEN; is the wife's survivor benefit after the death of the husband. If the
other spouse is alive, we assume that a married individual receives the greater of his or
her own benefit (BEN) or the spousal benefit (SpBEN). If the other spouse is deceased,
the individual receives the greater of his or her own benefit (BEN) or the survivor benefit
(SurvBEN). Using PH; and PW; for the husband’s and wife’s survival probabilities,
the husband's mortality-adjusted benefit is:

E(HBEN;) = PH;[PW;Max(BEN;, SpBEN)) + (1-PW;Max(BEN;, SurvBEN;)]

where Ep3(HBEN;) is the expected value at age 22 of the husband's benefit. This

expected value includes only the dollars going directly to husband. A symmetrical
calculation is made to determine the wife's mortality-adjusted benefit:

E>>(WBEN j) = PWj[PHjMaX(BENj, SpBENj) + (1-PHj)Max(BENj, SurvBENj)]

We then compute the present value of expected taxes and benefits at age 22 for
each individual, using alternative values for the constant real discount rate r:
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PVTAX
PVBEN

Zi{Eo(SST/(1+41)(-22))
Zj[Ezz(BENj)/(Hr)(i‘zz)]

Finally, the internal rate of return is computed by finding the discount rate that equates
these present values.



Annual
Income

Figure 1
Two Lifetime Profiles

Age



Number Alive from 100,000 Births

Figure 2

Number Still Alive at Age X

Vital Statistics of The U.S. (1989) - Expanded
120,000 7

100,000 1

80,000 - < White Females

lack Females
60,000 -

40,000 -

20,000

0 N I N N N W G T N e N 6 1 o 1 0 1 0 S T T A T O T 1 N [ T 5 T 1 O 0

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Age



Table 1.

Log Wage Regression for Heads of Household

Independent Variable | Coefficient | T-Statistic

Age 0.1343 6.26
age” -0.003313 -8.53
age’ 0.000026 9.55
age x educ 0.003669 4.87
age” x educ -0.0000326 -4.52
age x female -0.0239 -1.89
age’ x female 0.000306 2.11
age x white 0.0167 1.32
age” x white -0.000240 -1.67
Individuals 1,082
Observations 19,130
Adjusted R-squared 0.57




Table 2.

Ratio of Observed Deaths to Expected Deaths (O/E)
for Each Race-Sex Group - Ages 25-34

Annual O/E O/E O/E O/E
Family Number White | White | Other Other
Income (n) Percentile | Male Fem. Male Fem.
< $5,000 11,670 6.31% 1.68 1.51 1.54 1.86
$5,000 - $9,999 22,085 18.25% 1.20 .97 .81 1.01
$10,000 - $14,999 33,331 36.27% 1.28 1.17 1.36 1.01
$15,000 - $19,999 32,231 53.70% 1.12 76 71 .84
$20,000 - $24,999 30,729 70.31% .80 .97 92 .36
$25,000 - $49,999 48,375 96.47% 73 .94 72 44
> $49,999 6,529 | 100.00% .61 1.15 72 .44
n= n= n= n=
Totals 184,950 81,461 85,0471 7,752 10,690

Source: Rogot, et al (1992), Table 7. The "expected” number of deaths is based on the overall death rate
within the age-sex-race category, not differentiated by income, while “observed” deaths are the actual
number of deaths in each income group.




Table 3.

Old Age and Survivors' Insurance (OASI)

Tax Rates and Wage Caps
Year | OASITax| Taxable | Maximum
Rate Wage Tax
Ceiling
1940 2.00% | $ 3,000 $ 60
1950 3.00 3,000 90
1960 5.50 4,800 264
1970 7.30 7,800 569
1980 9.04 25,900 2,341
1990 11.20 51,300 5,746
1995 10.52 62,700 6,596
2000 10.60 75,500 8,003

The tax rate is combined employer and employee portion.
Wage ceiling in 2000 assumes constant inflation of 3% and
wage growth of 1%.




Table 4.

Lifetime Taxes and Benefits in the Base Case
for the Average Person in Each Group
(Without Income-Differentiated Mortality)

Present Value

Taxes Paid Benefits Internal Of Net Benefits/
Received Present Value Rate of Present Value
Quintile | (Undiscounted) [ (Undiscounted) of Net Benefits Return of Lifetime
Income
1) (2) 3) 4) &) (6)
2% 4% 2% 4%
Discount |Discount Discount | Discount
1 $64.7 $125.7 $-13 $-16.7 1.92% -17% -3.10%
2 854 151.8 -5.8 -22.7 1.69 -.53 -2.94
3 106.0 168.7 -13.8 -30.4 1.37 -1.05 -3.26
4 115.8 174.8 -17.8 -33.6 1.23 -1.13 -3.00
5 141.4 187.0 -30.1 -43.3 85 -1.33 -2.70
All 102.7 161.6 -13.8 -29.4 1.35 -.98 -2.96

Dollar amounts in thousands. Quintile 1 is the lowest lifetime income group. Columns 2 and 3 are undiscounted
lifetime taxes paid and benefits received (1995 $). Column 4 is the present value at age 22 of benefits less taxes,
discounted at 2% and 4%. Column 5 is the internal rate of return from the net benefits received.




Table 5.

Lifetime Taxes and Benefits in the Base Case

for the Average Person in Each Group
(With Income-Differentiated Mortality)

Present Value

Taxes Paid Benefits Internal Of Net Benefits/
Received Present Value Rate of Present Value
Quintile | (Undiscounted) | (Undiscounted) of Net Benefits Return of Lifetime
Income
@ 2) 3) 4) (5) (6)
2% 4% 2% 4%
Discount |Discount Discount | Discount
1 $63.2 $113.9 $-45 $-17.6 1.69% -.60% -3.31%
2 84.8 144.8 -7.8 -23.3 1.58 =72 -3.03
3 106.5 169.5 -13.8 -30.4 1.38 -1.05 -3.26
4 117.3 186.0 -15.0 -32.8 1.38 -.94 -2.91
5 143.9 213.1 -23.1 -41.3 1.17 -1.01 -2.55
All 103.1 165.5 -12.8 -29.1 1.40 -91 -2.92

Dollar amounts in thousands. Quintile 1 is the lowest lifetime income group. Columns 2 and 3 are undiscounted
lifetime taxes paid and benefits received (1995 $). Column 4 is the present value at age 22 of benefits less taxes,
discounted at 2% and 4%. Column § is the internal rate of return from the net benefits received.




Table 6.

Deleting the Drop Years Provision,
Changes from the Base Case Simulation

Without Income-Differentiated

With Income-Differentiated

Mortality Mortality
Present (2) Change | Present (5) Change
Quintile | Value of | Divided in Value of | Divided in
Change by Internal | Change by Internal
in Net Lifetime | Rate of | in Net | Lifetime | Rate of
Benefits | Income | Return | Benefits | Income | Return
(0)) 2) 3) 4) (&) (6) (7)
1 $ -57 -75% -41%| $-5.1 -.68% -.40%
2 -5.5 -51 -32 -5.2 -48 =33
3 -4.7 -.36 -25 -4.6 -.35 =25
4 -4.9 -31 -.25 -5.1 -32 -.26
5 -5.7 -.25 -29 -6.6 -29 -.28
All -5.2 -.37 -.30 -54 -.38 -.29

Dollar amounts in thousands. Quintile 1 is the lowest lifetime income group. Columns 2 and 5 are
the change in the present values at age 22 of benefits minus taxes paid, discounted at 2%. Columns
3 and 6 equal column 2 or 5 divided by present value at age 22 of lifetime income discounted at 2%.
Columns 4 and 7 are the change in the internal rates of return of social security taxes and benefits.




Table 7.

Effect of Reduction in the Number of
Drop Years from Ten to Zero

Decline in Lifetime
Quintile [ Decline in AIME Benefits
@ 2) 3)
1 -19.8% -13.3%
2 -18.5 -10.5
3 -17.1 -8.1
4 -16.9 -8.1
5 -17.7 9.0
All -17.8 -9.6

Quintile 1 is the lowest lifetime income group. Column 2 is the percentage decline
in Average Indexed Monthly Earnings (AIME), and Column 3 is the percentage
decline in undiscounted lifetime benefits that result from eliminating the drop years

provision.




Table 8.

Increasing the Normal Retirement Age from 67 to 68.4,
Changes from the Base Case Simulation

Without Income-Differentiated

With Income-Differentiated

Mortality Mortality
Present 2) Change | Present 8 Change
Quintile | Value of | Divided in Value of | Divided in
Change by Internal | Change by Internal
in Net Lifetime | Rate of | in Net | Lifetime | Rate of
Benefits | Income | Return | Benefits | Income | Return
(€9) 2 3) 4 (O] () )
1 $ -49 -64%| -34%] $ -45 -.60% -.33%
2 -5.8 -.54 -.33 -5.7 -.52 -.34
3 -6.5 -.49 -32 -6.5 -.50 -.33
4 -6.8 -.43 -.33 -6.9 -.44 -.33
5 -7.3 -32 -.33 -8.0 -.35 -31
All -6.2 -.45 -.33 -6.4 -.45 -.33

Dollar amounts in thousands. Quintile 1 is the lowest lifetime income group. Columns 2 and 5 are
the change in the present values at age 22 of benefits minus taxes paid, discounted at 2%. Columns
3 and 6 equal column 2 or 5 divided by present value at age 22 of lifetime income discounted at 2%.
Columns 4 and 7 are the change in the internal rates of return of social security taxes and benefits.




Table 9.

Increasing the Tax Rate by 15.1% (15.3%),
Changes from the Base Case Simulation

Without Income-Differentiated

With Income-Differentiated

Mortality (15.1%) Mortality (15.3%)
Present 2) Change | Present 5 Change
Quintile | Value of | Divided in Value of | Divided in
Change by Internal | Change by Internal
in Net Lifetime | Rate of | in Net | Lifetime | Rate of
Benefits | Income | Return | Benefits | Income | Return
€9) 2) 3) 4) (&) (6) ()]
1 $ -6.6 -.87% -41%) $-6.6 -.88% -.40%
2 -8.7 -.80 -41 -8.7 -.80 -42
3 -10.8 -.82 -41 -10.9 -.83 -42
4 -11.7 -74 -42 -11.9 -75 -43
5 -14.1 -.62 -43 -14.6 -.63 -42
All -10.3 -73 -.42 -10.6 =75 -42

Dollar amounts in thousands. Quintile 1 is the lowest lifetime income group. Columns 2 and 5 are
the change in the present values at age 22 of benefits minus taxes paid, discounted at 2%. Columns
3 and 6 equal column 2 or § divided by present value at age 22 of lifetime income discounted at 2%.
Columns 4 and 7 are the change in the internal rates of return of social security taxes and benefits.




Table 10.

Decreasing the Benefit Level by 9.6% (9.5%),
Changes from the Base Case Simulation

Without Income-Differentiated

With Income-Differentiated

Mortality (9.6 %) Mortality (9.5%)
Present 2) Change | Present ) Change
Quintile | Value of | Divided in Value of | Divided in
Change by Internal | Change by Internal
in Net | Lifetime | Rateof | in Net | Lifetime | Rate of
Benefits | Income | Return | Benefits | Income | Return
@ (2) 3) 4) (&) (6) (7)
1 $ 41 -.54% -29%f $-3.6 -48% -28%
2 -5.0 -.46 -.29 -4.7 -43 -.30
3 -5.5 -42 -.29 -5.4 -41 -.30
4 -5.7 -.36 =30 -6.0 -.38 -.30
5 -6.1 =27 -31 -6.9 -.30 -.29
All -5.2 -37 -.30 -54 -.38 -.29

Dollar amounts in thousands. Quintile 1 is the lowest lifetime income group. Columns 2 and 5 are
the change in the present values at age 22 of benefits minus taxes paid, discounted at 2%. Columns
3 and 6 equal column 2 or 5 divided by present value at age 22 of lifetime income discounted at 2%.
Columns 4 and 7 are the change in the internal rates of return of social security taxes and benefits.
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