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Abstract

Over the next severd decades Socid Security will mogt likely face afinancid shortfdl, and closing the
funding gap will impose an incremental burden on some group a some point in time. One difficulty
when measuring the distributiona effects of proposed reformsisthat risk characteristics vary across
proposas. For example, adding an individua account component could introduce investment risk for
participants, but it could aso reduce the risk that benefit cuts or tax increases would be required. This
paper distributes the costs of maintaining a solvent system under severd proposed reforms using a
Monte Carlo approach that reflects both expected outcomes and the various risks.
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|. Introduction

At some point in the next few decadesthe U.S. Socid Security system islikely to become
insolvent if tax and benefit rules remain unchanged (Board of Trustees (2001), Congressiona Budget
Office (2001)). Reform proposals involving investment in private securities are sometimes
characterized as away of avoiding tax increases or benefit cuts, but when one considers the risks
imposed on ether beneficiaries or taxpayers, it is dear thereis fill animplicit cost that hasto be
allocated to someone (Smetters (2001), Feldstein, Rangulova, and Samwick (2001), Harris,
Meyerson, and Smith (2001), Congtantinides, Donaldson, and Mehra (2002)). The fact that increased
risk represents a cost to those who bear that risk underscores the difficulty of comparing the
digtributional effects of proposed reforms. If risk characterigtics differ, it isingppropriate to Smply
compare expected outcomes across reforms (Feldstein and Rangulova (2001)).

This paper digtributes the costs of maintaining a solvent Socia Security system under severd
proposed reforms using a Monte Carlo approach that captures expected outcomes and a wide range of
risks. The strategy isto project Social Security tax and benefit outcomes across cohorts under severa
different policy scenarios, ranging from changes in current law tax and benefit parameters to more
ggnificant sysem overhaul involving individua accounts. Each policy scenario is Smulated many times
using Monte Carlo draws for the crucid economic and demographic inputs, so the results are
probability distributions for outcomes, not point estimates. Further, each scenario is guaranteed to be
solvent in every amulation because of a“fall-saf€’ clause that requires benefit cuts or payroll tax
increasesif the Socid Security trust fund isin fact exhausted during the smulation. Thus, the approach

captures the underlying risks in the current system as well as any changesin risks introduced by the



reform being andyzed.

The various reforms considered lead to awide range of outcomes across cohorts. The
implication of maintaining current benefit policy until the Socid Security trust funds run out of money is
gartling: if the default solution is to cut benefits when the trust fund is exhausted, retirees severd
decades from now could face benefit cuts on the order of fifty percent, while near term retirees would
be held harmless. Some decrease in benefits for future retirees may be warranted because life
expectancy is expected to rise by about five yearsin this century, but the Socid Security normal
retirement age (NRA) is only scheduled to rise two years. However, increasing the NRA by another
three years would only marginaly change system financid projections. Indeed, the projected outcomes
for future retirees under the NRA increase would not change relative to a base case scenario where
benefits are automaticaly reduced if the system becomes insolvent.

Sysematicdly rasing the NRA in line with life expectancy does affect conclusions about the
long run system financid trajectory, however. The overdl gap between taxes and benefits (relative to
taxable payrall) is il negative but stabilizes after the baby boom dies off, which suggests that some
leved of trust fund balance would be conggtent with long run solvency. That is, totd inflows (taxes plus
interest earned on the trust fund) would equd total outflows (benefits paid) so no further policy changes
may be warranted. The key to this scenario is that some benefit reduction be put in place before the
end of the baby boom'’s retirement, such that the trust fund is not depleted before the baby boom dies
off. Themodd suggests this could be accomplished by a permanent reduction in new benefit avards of
about 12.5 percent beginning in 2007 (when the first baby boomers reach age 62). If that policy were

put in place, the baby boom would be handing off a system that is expected (given current long run



economic and demographic projections) to remain basicaly solvent in perpetuity.

Reforms involving investment in private securities could improve the expected returns of some
future retirees, though that conclusion varies across groups and proposals because of the implicit
assumption about who is doing the prefunding. The two approaches consdered here are investing fifty
percent of the trust fund in equities and implementing a two percent of payrall individua account with a
ample bendfit offsst mechaniam. The trust fund equity investment policy does sgnificantly improve
expected rates of return (relative to a benefit cut base case) for some future retirees who might
otherwise face shortfdl-related benefit cuts, but the policy islikdy to be overwhemed by cost-income
gap fundamentasin the very long run. The individua account approach improves expected rates of
return for cohorts born after about 1970, and even the downside risk of that policy is negligible when
compared to the risks associated with doing nothing. Cohorts born before 1970 may not prefer the
individual accounts relative to other possible reforms, however, because they will (either explicitly or

implicitly through the benefit cut mechanism) be funding the trangtion to individua accounts

Il. Distributing Risk and Return Acrossand Within Generations

The strategy of this paper isto Smultaneocudy measure aggregate Socid Security finances and
person-level outcomes under various palicy rules and (stochastic) states of the world. Estimating the
probability digtribution of individua outcomes requires three distinct systems working together: a Socid
Security budget modd which solves for aggregate system financid outcomes based on key
demographic and economic inputs, a macro-demographic modd that generates those key inputsin a

Monte Carlo setting, and a representative micro modd which solves for person level outcomesthat are



consgtent with the underlying stochastic environment and policy rules.

Social Security Budget Model

Therole of the aggregate budget modd in thisinvestigation is to track Socid Security finances
over time given policy rules and vaues for the demographic and economic inputs. The aggregate mode
used hereisintended to capture the basic features of budgetary projections made by the actuaries at
the Socid Security Adminidration (Frees, 1999). The crucid test of the budget modd isthat it exhibit
responsesto variation in policy parameters (tax rates, benefit formulas) and input assumptions
(mortdity improvement, fertility, immigration, wage growth, inflation, interest rates, unemployment, and
disability rates) that match those in the actuaries estimates. Given that, any set of dternative policy
rules and/or stochesticaly generated input assumptions will lead to smulated changesin financid
projections that basicaly match what the Socid Security actuaries would predict.

The Socid Security budget model has two independent sub-models, deding separately with the
demographic and financid aspects of the OASDI system. The demographic model tracks population
using a*“cel-based” gpproach, projecting person counts by single year of age, sex, and maritd satus
groups. Theinputs to the demographic model are annud fertility, totd immigration, and rates of
mortaity improvement (by detailed age and sex). Demographic processes are cdlibrated to match
Socid Security “intermediate’ projections when the inputs are set accordingly, and changes in the inputs
(jointly or separately) produce changes in population counts that are also consstent with the sengitivity
analysis reported annually by the SSA actuaries (for example, Board of Trustees, 2001).

Thefinancid part of the Socid Security budget mode is dso generdly “cdl-based’ in nature.
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The gpproach in the mode isto track variables like [abor force participation, average benefits, and
beneficiary counts by age and sex, then multiply by the population counts from the demographic
modules to solve for determinants of aggregate system financid flows. Although most values are
averages within cdlls, some parts of the modd have no digtributiond detall & al—for example, changes
in taxable payroll are caculated using alog-norma approximeation to the aggregate earnings didtribution.
However, some parts of the modd rely on extensve micro detall-for example, the module for
computing new OAI and DI worker benefit awards is based on a sample of about 14,000 actual new
beneficiaries from 1996. Those 1996 beneficiaries are “aged” forward each year to represent
beneficiary populationsin future years, and benefits are caculated directly on the“aged’” sample. The
heterogeneity in the new beneficiary sample is needed to capture the interaction between earnings
histories and policy rules.

The extent of behaviord responsein the Socid Security budget modd isfarly limited. For
example, labor force participation (within detailed age, sex, and maritd status groups) is determined by
equations estimated on pooled CPS data sets that capture the effects of mgor demographic and
resdua trends. Thereis some policy reponse in the participation equations, because the equations for
age groups 62 through 70 include benefit replacement rates and earnings test variables on the right hand

sde.

Stochastic Macro-Demographic Model

The god of the stochastic macro-demographic modd isto generate vaues for the economic



and demographic inputs to the Socid Security budget model in a Monte Carlo setting. The
demographic inputs are the rate of mortdity improvement across detailed age and sex groups, the
overd| fertility rate, and the level of immigration. The economic inputs for the budget moded are red
wage growth, inflation, the unemployment rate, interest rates, and rates of disability incidence and
termination. For amulations involving investment in private securities, the gochagtic amulator dso
generates values for equity and corporate bond returns. The god of the macro-demographic mode is
to create redigtic sochagtic variation in the annua vaues for each input, including correl ations between
those variables.

The stochastic macro-demographic modd starts with Socia Security Adminigtration (SSA)
intermediate projections to set centra tendencies for each of the nineinputs. The SSA intermediate
values are based on extrgpolating historical averages for (generaly) stationary processes like wage and
price growth rates, and in that sense is congstent with the underlying time-series andys's used to build
the macro-demographic modd used here. Most of the stochastic inputs are treated as independent
time-series processes, though inflation, unemployment, and interest rates are modeled together in a
vector auto-regresson (VAR) and short-run wage growth dynamics are affected by the other three
economic variables. In al cases the specifications were chosen using standard time-series techniques
(CBO (2001)).

The three demographic models are al estimated using data from the Socid Security
Adminigtration (see Table 1). Mortdity improvement is modeled as an AR(1) process for each of 42
Separate age-sex groups. The data are available back to 1900. Although the equations are estimated

separatdly, the rates of mortality improvement across age groups are correlated because the vector of



innovations is drawn from a multi-variate norma distribution estimated using the higtorica error terms,
which are corrdlated. The overdl fertility processis characterized as an ARMA(4,1) model estimated
on data back to 1917. Identifying a stationary characterization for the fertility process is somewhat
complicated by digtinct bregks in the series at various points in history, notably at the end of the baby
boom. Experiments with an dternative to the ARMA representation (a first-difference modd) did
change implied fertility dynamics, but the effect on variability in system finances was modest (CBO,
2001). Findly, theimmigration processis aso dominated by distinct bregksin the time-series at
various points in history, but in this case, because of changesin policy. Agan, the ARMA(4,1)
representation is most gppropriate for immigration.

Three of the four economic variables (inflation, unemployment, and the red interest rate) passed
the test for incluson in avector auto-regresson (VAR) while the fourth (red wage growth) was
rgected. The VAR mode uses two annud lags for each of the three variables, and is estimated using
data from BLS (unemployment and CPI-W inflation) and the Socia Security Administration (regl
interest rates on new issues of OASDI trust fund assets) for the period 1954-1999. Unemployment
rates are transformed using alog-odds ratio prior to estimation so the predicted values are constrained
to the zero-onerange in al cases. Although red wage growth does not lead the other three varigbles, it
isstrongly corrdated with contemporaneous vaues. After controlling for current vaues of inflation,
unemployment, and interest rates, the red wage growth resduds are white noise, which suggests the
interesting dynamics occur through the other variables, because red wage growth (by itsdf) ishighly
auto-correlated.

The last two inputs to the Socid Security budget modd are disability incidence and termination.



Finding reasonable equations for variation in disability incidence and termination rates is made difficult
because consstent data only exist back to 1975, and is further complicated because of changesin
policy (sated and implicit) with respect to digibility for the program. The problem issmilar to the
fertility model; there are clear breaks in the data that are (ex post) explainable, but it is not clear how to
use that information when predicting future varigbility. Becausethereis no clear sgnd from the data,
both models are specified as smple AR(1) processes.

In policy experimentsinvolving trust fund investment in private securities or individua accounts
the stochastic model generates values for equity and corporate bond returns using a random returns or
“white noise” process. The dterndtive to white noise is to introduce some sort of mean reverting
process, for example, one based on the dividend to price ratio. Annua stock yields are not correlated
over time, but there is some evidence that the current level of the stock market is correlated with future
returns, and therefore, future yidds are, in asense, “predictable’ (see, for example, Campbell, Lo, and
MacKinlay (1997) or Campbell and Shiller (1998)). The evidence of mean reverson is datisticaly
weak, however, so (following Feldstein and Rangulova (2001)) the random returns processis

adopted.!

There are actudly two implications of adopting a mean reverting process for equity returns.
Fird, as Diamond (1999) observed, the starting point for stock market values matters for the expected
long run return in order to kegp market returns and underlying economic growth consistent with one
another. Although recent declinesin U.S. stock prices have ameliorated this observed divergence, the
market isill (in terms of historical dividend price ratios) overvaued. The second implication of
adopting mean reversion worksin favor of equity-based solutions, however. Sabelhaus and Smith
(2003) show that a mean reverting process with the same annual variahility suggests much lower
cumulative variability at frequencies of 10 years or more, because any divergence between underlying
economic growth and stock returnsiis resolved through the mean reverting process.
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Given the choice of awhite noise process for equity returns, one still has to select values for
expected returns and the standard deviation of returnsin the smulations. Published data on equity
yields are available from Ibbotson Associates (2001) back to 1926, and the exact time period used to
measure the average and variance for yidlds matters alot (see Table 2). The averageyied for the
entire time series (1926 through 2000) is 7.497 percent, but the period of rapid growth in the late
1990s has had a big impact, evidenced by the fact that the average for 1926 through 1994 is only
6.631 percent. Itisnot clear how the recent episode of stock market declines will end, but clearly at
least some of the difference in those averages will be erased.

The standard deviation of stock yields in both time periods (1926 to 1994 and 1926 to 2000)
iscloseto 20 percent. The last two rows of Table 2 show that the variability of yields has declined
sgnificantly ance 1954. (Those lines are reported because the equation for corporate bond returns
described below is estimated using data from 1954 forward). I1n the Smulations involving equity
investment, the modd assumes a white noise process with expected returns of 6.5 percent (the vaue
used by SSA actuaries) and a standard deviation of 19.795 percent, which should, if anything, bias the
answers towards generating less pogtive gains from equity invesments.

Although equity returns are an independent white noise process, red corporate bond yields are
integrated with the rest of the macro model. The equation for corporate bond returns uses the three
vaiablesin the VAR; unemployment, inflation, and the red interest rate on government bonds. Thus
the equation captures both the overal variability in corporate bond yields and the short-run macro-
dynamicsin the rest of the moddl. As noted above, athough Ibbotson data on corporate bond yiddsis

avallable back to 1926, the range for the other variables (in a congstent format) is limited to 1954 and



later, 0 the equation is estimated for that period.

Example Worker Micro Model

The micro model is based on the same “example’ workers used by the Socid Security
Adminigration in their digributiona andysis of current law and dternative policies (SSA, 2001 and
2002). Outcomes for example workers are tied to the economic/demographic environment and the
Socid Security budget modd, thus dternative policies (either specified changesin policy rules or
invoked benefit cuts/tax increases because of financing congraints) will impact the example workers.

In every birth cohort there are four example workers, low, average, high, and maximum
earners. Thefirg three example workers have fixed age-earnings profiles which are derived from
actua earnings patternsin Sociad Security adminigtrative datafiles. Maximum earners are, by
congtruction, assigned earnings equd to the taxable maximum in each year. In dl cases, earningsfor
any given cohort at a given age are expressed relative to the average wage index, so earnings for
example workers are tied to average wages (which is determined by the macro-demographic moddl) in
every amulaion.

The connection between the policy rulesin the budget and micro moddsis aso direct.
Example workers pay taxes and earn benefits according to the rules in place during the year. Those
rules include both specified palicies (or policy dternatives) and any endogenous changes in policies (tax
increases or benefit cuts) which result because of funding shortfals. Example workers dso get private
accounts in the rlevant aternative policy scenarios, with returns (depending on the specific portfolio

assumption) generated by the sochastic smulator. Thus the micro modd is consstent with the
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economic outcomes in the stochastic economic modd, the rules used to make budgetary projectionsin
the budget modd, and interactions between the two through trust fund shortfal financing “fail-safes.”
The remaining issue in the micro modd is how to summarize person-level outcomes. The main
criterion for agood yardgtick isthat it provide meaningful comparisons of overdl policy outcomes,
which suggestsit should reflect both payroll taxes and benefits. Also, the god isto quantify the
variahility in outcomes using the stochagtic smulator, which suggests parsmony in choosing how many
datisticsto evduate. One solution isto present the results in the form of internd rates of return (IRRS)
across and within generations. The IRR isthe vaue of the red rate of return which equates the present
vaues of taxes and benefits. The calculation amounts to solving for the vaue of the internd rate of

return (r) for which the following identity holds,

84 ]600
a ts(1+ r.):I_OO—S — a bs(1+ r.)lOO—SpS
S= s=65

0

wheret, and b, are taxes paid and benefits received at age s, respectively, and B, is the probability of
surviving until age s conditiond on surviving until age 65. IRRs do suffer some potentid shortcomings
when used as an overd| wefare measure of how the Socid Security system affects any given individua
(Geanakoplos, Mitchell, and Zeldes, 1999), but they are till the most concise way to compare
outcomes across time and income groups.

The IRRs presented here are congtructed using an approach which is smilar to the method

developed by the Socid Security actuaries (SSA, 2001). However, the differencesin goas here
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suggest some important changes to the IRR cdculaions. For example, in the projections here, benefits
can change after aperson is claming if the trust fund shortfal (fail-safe) rule cdls for across-the-board
benefit cuts. Therefore, the caculations here require explicit computations of benefits and surviva
probabilities after age 65, rather than just the calculation of a benefit award and expected life span
conditiona on reaching age 65 as in the SSA measures.

In addition to measuring (potentid) benefit changes after age 65, there are other differences
between the IRRs computed here and those reported by SSA, but the patterns of estimated returns
across cohorts and income groups are still very smilar. For example, the IRR estimates here do not
include (probability-weighted) Disability Insurance (DI) benefits, but to be consstent, DI taxes are dso
ignored. The cdculations here do not assign vaues for auxiliary (survivor, widow, spouse, and
children’s) benefits, but that omission biases only levels, not trends, in internd rates of return. On net,
when compared to SSA, the estimates here show the same decreases in IRRs when moving from low
to high earners at any point in time, the same increases in IRRs when switching from mae to femde

survival probabilities, and the same (basic) declinesin IRRs for future cohorts of retirees.

1. Risk and Return Under Current Law

Reforms involving investment in private securities are often characterized as adding risk to
Socia Security, asthough thereis no risk in the current system. In fact, thereisagreat ded of
uncertainty about benefit levelsin the current system for two reasons. First, there is uncertainty about
economic determinants of benefits like wage growth and inflation, so even if rules are unchanged,

benefit outcomes have some probability distribution. Second, there is uncertainty about how the rules
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will change if the trust fund is exhausted. The exact date of exhaustion in these smulaionswill vary with
the (stochastic) demographic and economic environment, but it is very likely to occur in aboout forty
yearsif current law ismaintained. It isaso the case that the trust fund may be exhausted under some of
the dternative specifications for tax and benefit rulesjust Sating that a policy change is expected to
lead to system solvency does not mean that solvency will occur in dl gates of the world.

Guaranteaing solvency in dl smulaions isimportant because an insolvent system will provide
someone with an gpparently higher rate of return due to the fact that the caculations are failing to assign
some fraction of the cogts of maintaining solvency. Therefore, most of the Smulations below are run
with a“fall-safe”’ clause in which either payroll taxes are raised or benefits reduced when the system
gpproachesinsolvency. Because the Socid Security system is expected to become increasingly
insolvent asfar as the eye can see, imposing the fail-safe clause lowers projected internd rates of return
for the future cohorts who will experience the tax increases or benefit cuts.

Figure 1 shows the probability distribution of interna rates of return for average earnersin birth
cohorts 1937 through 2000 in smulations which involve no fal-safe. Thefigureis derived by solving
the modd 1,000 times and computing the deciles of IRR outcomes for the average earner in each
cohort. The estimates are produced using unisex cohort surviva probabilities, so these IRRs are
effectively averages across men and women. The middle line of the shaded area shows the median
estimated IRR, which basically matches the trends projected by the Socid Security Actuaries (SSA,
2001) in their analysis of example workers. The shaded area overal covers the range between the 10
and 90" percentiles. The uncertainty about IRRs for cohorts that are currently entering retirement

reflects the fact that mortdlity is still uncertain, even though lifetime taxes and redl benefits are known
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with certainty. Notice that the range of uncertainty expands for younger cohorts as other relevant
determinants (like wage growth) start to affect the outcomes, but the overdl range for the probability
digribution gabilizes fairly quickly.

The insolvent system projections suggest an expected drop in the IRR for the average worker
from about 2.6 percent for the 1937 cohort to about 2.3 percent for the 1960 cohort, reflecting the fact
that the 1960 group will have paid taxes a a higher rate during their working lives and will receive less
in benefits because of the scheduled increase in the normd retirement age. Socia Security
Adminigtration estimates suggest that IRRs for cohorts born before 1937 were well above 2.6
percent—as much as afull percentage point higher for those born just two decades earlier. Interestingly,
the insolvent system projections aso suggest that IRRs would begin to rise again for cohorts born after
about 1990, because the law changes are fully phased in, and reductionsin mortaity (which lead to
higher lifetime benefits) dart to increase lifetime net benefits. That increase in IRRs for the youngest
cohorts under the insolvent system underscores why one should discount projections which do not have
fail-safe provisons. Clearly, the same forces which are leading to higher IRRS (increased life
expectancy) will aso worsen system finances in the future, and someone will have to pay those codts.

In order to trandate changes in IRRs into a measure of economic well-being, it isuseful to
consder how IRRs and benefit levels are rdlated. Figure 2 plots IRRs for three example earners (low,
average, and high) in the 1937 birth cohort. When benefits are a 100% of the scheduled vaue, the
IRRs are 3.6%, 2.6%, and 2.1% for low, average, and high earners. If benefits are cut to 90% of the
scheduled vaue, the IRRs fal to 3.2%, 2.3%, and 1.7%-adope of about -.4. That is, a .4 percentage

point reduction in the IRR is consstent with a 10% benefit cut. The relaionship is dearly non-linear in
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the extreme (as benefits go to 0% of the scheduled amount the IRR goes to negeative infinity) but Figure
2 showsit isfairly linear over most of the range considered here (benefit cuts up to about 50%).
Applying this, one could say the expected long-run decrease in IRRs for average workersin the
(implausible insolvent) case of about -.3 percentage points is equivaent to something likea7to 8
percent benefit cut relative to the 1937 cohort. Also, the long run range of IRRS between the 10" and
90™ percentilesis plus or minus 0.5 percent, which suggests significant uncertainty about lifetime net
returns even if no tax or benefit changes occur.

The projections of IRRsin the current law case with no fail-safe (Figure 1) are a Straw-man
because the likelihood that the OASDI system will remain solvent are negligible. Figures 3 and 4 show
the projected deterioration in system finances using two complementary gpproaches. Thefird pictureis
the probability digtribution for the gap between annuad OASDI income and cost rates in each year
2002-2100, and the second is the ditribution for the ratio of trust fund balances to expenditures (often
cdled the “trugt fund ratio”) for the same time period.

The gap between income and cogt rates in Figure 3 indicates two phases of deterioration in the
relationship between system inflows and outflows; the first is a rapid deterioration associated with the
baby boom retirement through about 2030, and the second is a dower decline associated with
increased longevity. That second feature—continued deterioration in system fundamentals after the baby
boom has died off—plays a prominent role in the discussion of reform scenariosin the next section. The
graph aso shows steadily growing uncertainty about the cost-income gap, because uncertainty about
determinants like mortdity improvement and fertility rates has cumulaive effects.

The median projection for the cost-income gap in Figure 3 is generdly consstent with SSA
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projections, though the gap is dightly more negetive in every year because the model is solved using
stochagtic techniques, while the SSA projections are determinigtic. The divergence occurs because
symmetric variation in model inputs around expected va ues does not cause Symmetric variation in
modd outputs-t is not Imply a question of means versus medians. For example, even if it isequdly
likely that inflation is one percent above or below the expected vaue, it is not true that system finances
respond symmetrically to movements in inflation above and below the expected values. Therefore,
expected finances are dightly worse in the sochastic Smulations than in a determinigtic run with the
same expected values for inputs (for details see CBO, 2001).

The expected deterioration in system finances is dso evident in Figure 4, which showsthe
probability distribution for trust fund ratios (trust fund balances divided by expenditures). Although the
exact year in which the trust fund will run out of money is uncertain, the expected year is around 2040
(asthe youngest of the baby boomers approach age 80), and the fund is dmost certain to run dry by
around 2060. Figure 4 is congstent with the pattern of cost-income gaps in Figure 3, but showsthe
effect of (1) sarting with a postive trust fund balance in 2002, and (2) enjoying severa yearsin which
receipts (taxes plus interest earned on the existing balance) are larger than expenditures (benefits paid).
Again, the concept of solvency conddered throughout this paper isthat the trust fund never become
exhausted, which means the ratio never crosses zero.

Because insolvency is not useful as a garting point for measuring risk and return, two solvent
dternatives which start with current law tax and benefit rules are dso consdered. Figure 5 showsthe
median IRR estimates for average workers under current law with two types of fall-safe provisons a

payroll tax increase, and an across-the-board benefit cut. Both of the solvent projections show stark
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declinesin IRRs for future cohorts of retirees reative to the median IRR for the insolvent system
(reproduced from Figure 1) to levels (in the case of benefit cuts) below haf what is projected for the
1937 cohort.

The expected decreases in IRRs for tax increase and benefit cut fail-safes differ in a predictable
way across cohorts. Because only workers are affected by atax increase, while everyoneis affected
by abenefit cut, the IRRs under a benefit cut are expected to fal sooner and more systematicaly. Ina
sense, the tax increase is between the unredligtic insolvent case where none of the shortfdl is assigned,
and the benefit cut case where dl of the shortfdl is assgned to cohorts who are dlive. Thetax cut case
distributes the shortfal across both current and future workers, so some of the burden isimpaosed on
cohorts not represented in the graphs. In that sense, the graphs (which aready show 63 birth cohorts,
requiring projections through 2100) are Smply too short to capture the full impact of atax increasefail-
sfe.

The estimates in Figure 5 for the insolvent and two fail-safe scenarios are median outcomes
across many stochastic amulations. Each of the stochastic smulations have different levels of benefit
cuts or tax increases because of differences in the economic and demographic environment. Figures 6
and 7 show the probability distributions for IRRs under the benefit cut fail-safe, and the probability
digtributions for the underlying benefit cuts. Unlike Figure 1, the range for IRR outcomes explodes for
the youngest cohorts. The upside potentid is not much different than Figure 1, because that represents
the low probability states in which little or no benefit reduction isneeded. The downgderisk is
daming: IRRs gpproaching zero for the youngest cohort are plausible, which is (see Figure 2)

equivaent to giving the 1937 cohort something like afifty percent benefit cut.
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The probahility distribution of benefit cuts in the benefit cut fall safe with current law taxes and
benefitsis shown in Figure 7. The mode triggers benefit cuts when the trust fund retio falls below
one-that is, the system could not pay for ayear of benefits. Onceinvoked, the level of benefit cut is set
to target atrust fund ratio of one from that point forward. Across the board benefit cuts could start to
occur (with ten percent probability) as early as 2030; if that happens, the system finances are on such a
negative trgectory that alarge cut (about twenty percent) will be immediately necessary. If the
demographic and economic Stuation is more favorable, the benefit cut will be delayed and reduced.
Still, Figure 7 confirms that alarge and rising benefit cut islikely if tax rates and benefit rulesare
unchanged.

Figures 8 and 9 show the same pair of graphs (IRR and policy change probability distributions)
for the tax increase fal safe scenario. Aswith the medians, the probability distribution of the tax
increase fail safe show less deterioration in IRRs for the cohorts considered, though the same exploding
probability digtribution for the youngest cohortsis evident. The probability distribution for tax increases
isvery smilar to the benefit cut scenario, which makes sense, because they are both responses to the
same deterioration in system finances.  Either the tax increase and benefit cut fail-safe scenarios could
serve as a benchmark againgt which to evaluate proposed policy changesin the next section. But as
noted, the tax increase fail-safe imposes some of the costs of maintaining system solvency on unborn
cohorts, and for that reason, the benefit cut seems amore gppropriate starting point for thinking about
dternatives. That is particularly true for reforms which focus on getting long-run Socid Security cost
and income rates moving paralld, rather than just increasing taxes as needed to cover ever-growing

benefits. Also, the benefit cut fail-safe was used by the Presdent’s Commission to Strengthen Socid

18



Security in their approach to evauating proposed individua account modifications (PCSSS, 2001).
Therefore, in the next section, the benefit cut is used as a reference point for evaluating other sorts of

proposed changes.

V. Risk and Return Under Various Social Security Reform Proposals

The benefit cut fall-safe scenario introduced and analyzed in the previous section isan
undesirable solution to Socia Security’ s long-term financing problems for a number of reasons. A
system which relies on across-the-board benefit cuts for retirees could impose sgnificant hardships with
little warning, and therefore making changes now (which gives people time to react) is inherently
preferable. Also, reforming the system now offers the potentid to develop a solution which is more
generationdly neutra—younger cohorts may not like the idea that the oldest baby boomers are (under
current law) likely to get their scheduled benefits but then leave behind a system which isin disastrous
financid condition. Findly, reform could involve invesment in private securities, which offer an
expected higher rate of return. Those higher returns compensate investors for investment risk, but in the
current context, that is only one component of the overdl risk faced by Socid Security participants.
Therefore, it isinappropriate to measure variable investment returns relative to scheduled benefits as

though they will to be paid with certainty.

Increasing Normal Retirement Agein Line with Life Expectancy
The firg reform conddered isincreasang the normd retirement age (NRA) in line with expected

increasesin longevity. Current law includes two phased increasesin the NRA. The 1938 birth cohort,
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for example, has an NRA of 65 and two months, and that rises by two months per birth year until the
1948 cohort faces an NRA of 66. The NRA stays at 66 for several more years, then the 1955 cohort
facesan NRA of 66 and two months, and again the NRA rises by two months per year until the 1960
and later cohorts face an NRA of 67. Asnoted, in the context of the micro mode with fixed benefit
claming age of 65, this amounts to a benefit cut, because of the actuarid reduction associated with
early retirement age.

Isanincreasein the NRA of two years congstent with expected increases in longevity? Figure
10 suggests the answer is clearly noife expectancy, conditional on reaching age 65, is projected to
rise by about five years for both men and women in this century. Therefore, an increase in the NRA to
age 70 is gppropriate. In the reform smulations that increase is phased using the same pattern asisin
place for the increases to ages 66 and 67. Every seventeen yearsthe NRA is phased up (over aperiod
of 9x years) by one more year, o the 1977 birth cohort will face an NRA of 68, the 1994 cohort an
NRA of 69, and the 2011 birth cohort an NRA of 70.

The increase in the NRA would have a sgnificant effect on long-run system finances, but
probably not dter the underlying shortfal problem. Figure 11 shows the probahility distribution for the
cost-income gap under the NRA increase. Although the first phase of financia deterioration associated
with the baby boom retirement is unaffected by the change, the long-run gap between cost and income
islikely to become much more stable. This suggests optimism about long run solvency in the following
sense; there exists some vaue for the trust fund ratio for which the system would be expected to remain
solvent, so long as cost and income gaps are not diverging, because part of the annual costs are paid

for by interest on pre-funded trust fund balances.
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Although the stable cogt-income gap suggests optimism, Figure 12 shows that current law is
unlikely to generate atrust fund ratio which would meet the condition for perpetua solvency. Relative
to current law (Figure 4) the probability distribution for trust fund exhaustion is little affected by the
NRA change, though there is some improvement in the upside potential (90" percentile). In retrospect
this makes sense-the trugt fund is likely to be exhausted before any of the additiond NRA changes
begin to affect finances. If the macro demographic environment is particularly favorable, then the trust
fund balance may go alittle further because cost rates are reduced, hence the improvement in the
upside potentidl.

Increasing the NRA to age 70 would have a predictable effect on IRRs relative to current law.
Figure 13 shows median IRRs under three scenarios, with and without the NRA incresse. Raising the
NRA in an insolvent smulation (no fail-safe) creates a predictable extension of the step-wise decline
that is aready in place for the age 66 and 67 increases under current law (Figure 5). The more
interesting case is when the NRA increase is run with the benefit-cut fall safe operative. Figure 13
shows that the current law IRR (reproduced from Figure 5) and NRA increase IRR are about the same
when the benefit cut fail-safe is operative, because the (median) necessary benefit cut is smdler than the
cut associated with the NRA change, so the fail-safe is the operative change for most ranges of the
probability distribution.

Although raising the NRA to age 70 is not in any sense a olution to the Socia Security
solvency problem, it isarguably part of any solution, at least in scenarios where future tax increases are
not consdered. Future generations may wish to tax themselves more and pay for longer retirements,

but that is beyond the scope of this paper. Ultimately, the reason it makes sense to use the NRA
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increase as a benchmark is that the reforms discussed below are all characterized in terms of both
farness and sustainability. Both principles suggest that controlling for increased longevity should be a

building block in any reform.

Reduce New Benefit Awards

As noted above, with an NRA increase to age 70 in place, there exists some trust fund ratio
which would lead to perpetud solvency because interest earned on the fund would combine with taxes
to cover benefits and red trust fund growth in every year. Note that implementing a reduction in new
benefit awards at some point before the trust fund is exhausted would improve the chances of mesting
any given trust fund ratio target, but it would aso lower the necessary ratio needed for perpetua
solvency, because the cost-income gap is less negative. Indeed, given the NRA increase, a new benefit
award reduction of 12.5% beginning in 2007 (when the youngest baby boomers reach age 62) would
(at the median) create this perpetually solvent scenario.

Aswith dl the reforms to follow, the effects of the 12.5% benefit award reduction are shown in
two ways. Figure 14 shows the median IRRs for average workers by birth cohort, and Table 3 lists5
points on the probability distribution for IRRs (10", 30™, 50", 701, and 90" percentiles) for selected
birth cohorts (1940, 1955, 1970, 1985, and 2000). In both Figure 14 and Table 3 one can see dl of
the reforms together, and compare them to the base case (increasing the NRA with a benefit cut fall-
safe). All of these amulations use a benefit-cut fal safe,

The effect of a 12.5% new benefit award reduction beginning in 2007 is predictable. IRRsfdl

sgnificantly for birth cohorts starting with 1945, because they experience the benefit cut, but are not
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likely to gain from the improved system solvency. Remember, the average person in those cohorts will
(probably) have died before the trust fund (probably) runs out of money, o, other than for politica
economy reasons, they have nothing to gain from the benefit reduction. Later cohorts do have
something to gain. Reative to the default case of doing nothing (Figure 14) the bresk even for the
median outcome is somewhere around the 1967 birth cohort. The probability distribution (Table 3)
shows that, dthough median outcomes for the youngest cohorts (1985 and 2000) are improved by the
12.5% benefit cut, the downside risk (10™ percentile) isjust asbad. Why? In those cases, system
finances have deteriorated so far that the 12.5% benefit reduction is not the operative margin, the

benefit cut fail-safe has kicked in.

Trust Fund Equity I nvestment

Another option isto invest some of the trust fund in equities. Figure 14 and Table 3 show IRR
outcomes for a 50% equity investment phased in by 2010. Unlike the 12.5% benefit cut, the trust fund
investment Strategy is not likely to impact near-term retirees adversdy, and offers potentid gainsto dl
cohorts considered here. Indeed, al percentiles of IRR outcomes between 10" and 90" are
improved. The results may of course be missing low probability but very adverse consequences, but
within the range of likely outcomes, equity investment improves outcomes reltive to just raising the
normd retirement age.

Although everyone is better off under the trust fund equity investment reform, the gains are not
equaly digtributed. Clearly, thereis little gain through the middie of the baby boom (1955) because

those cohorts have a good chance of (probably) dying before the trust fund (probably) runs out of
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money, even if thereis no equity investment. The biggest winners are cohorts born in the late baby
boom or just after, because they are the first group which islikely to experience benefit cutsif policy is
not changed. The increase in expected returns effectively buys this group more time before benefit cuts
are needed. Note that the gains are till positive for the youngest cohort (2000 birth year) but the

overd| pattern of declining IRRsin the default case is dill evident.

I ndividual Accounts

The last set of reforms congdered involves introducing “ carved-out” private accounts into the
system, in which taxpayers dlocate a fraction of their payroll taxesto private accounts but agree to give
up some benefitsin return. The smulations here assume a 2% carve-out implemented for people under
age 55 in 2005 dong with a benefit offset computed using the opportunity cost to the trust fund. That
is, the amount by which traditiona benefits are reduced depends on how much one has diverted to the
private account, accrued forward using the red rate of return on the OASDI trust fund. That
hypotheticd baanceis annuitized (at the same red interest rate) at retirement, and the annuity vaueis
the amount by which benefits are offset. The participant receives the actud account baance in the form
of afar annuity, which is assumed to be invested in a balanced portfolio of 50% equity, 30% corporate
bonds, and 20% government bonds (which earn the trust fund interest rete).

Anindividuad account carve-out like this has no expected present vaue cost to the Socid
Security system, and thusiis the purest measure of the effect on individuas of accepting investment risk
in exchange for potentially higher rates of return. Although the present value net cogt is zero, thereisan

alocation of costs across generations that comes from the interaction of trust fund status, individua
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account funding, and the benefit cut fal safe. Funding accountsinitidly requires a decrease in income
rates with no offsetting decrease in costs, because benefits are not immediately reduced. If the trust
fund ratio fals below one during this trangtion, the benefit cut fail-safe kicks in and thus some of the
trangtion cogt is funded by current beneficiaries.

Figure 15 and Table 3 show the impact on IRRs from introducing individua accounts, with and
without an underlying 12.5% benefit cut. In both cases, the median IRR for cohorts born after the
1970sis dgnificantly improved by the individua account policy rdative to only raising the NRA,
investing the trust fund in equities, or cutting benefit awards by 12.5% in 2007. In addition to the
positive effects on the median, the upside potentia is much higher, and even the downside (10"
percentile) isimproved reative to the other reforms.

The important distinction between the two individua account plansis who bears the cost of the
trangtion. In the case where benefit awards are not reduced in 2007, there isagradua reduction in
IRRs, bottoming out at about 1.5% for the 1960 cohort. In the case where benefits are cut by 12.5%
initidly there is less chance that the benefit cut fail safe will be invoked during the trangtion, and thus the
late baby boom and 1970s cohorts are not expected to bear as much of the burden—some of those

costs have been shifted back onto the early baby boom retirees through the 12.5% benefit award cut.

V. Conclusons
The andysis here has described a number of different scenarios for how the Socid Security
insolvency problem might be addressed and the likely winners and losers across generations under

various approaches. If no changes are made (or if one assumes the only change isthat the normal
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retirement age will be raised in line with increased life expectancy), the outlook for future generations of
retireesis blesk. Effectively, retireesin the next few decades will exhaust the trust fund and leave the
system finances on a Sgnificant negative trgectory. Assuming that beneficiariesin the middle to late
part of this century will be unable to roll the implicit debt forward to unborn generations, the implied
benefit reduction is expected to be about fifty percent for those just born.

Alternaive reform scenarios differ agnificantly in terms of winners and losers. The problem
becomes one of political economy in the truest sense—near term retirees (the early baby boom) would
lose under any reform, so they have no immediate incentive to agree to change. Late baby boomers
will suffer some deterioration in net benefitsif rules are not changed, but the reforms consdered here
would not sgnificantly change the probability digtribution of their returns, o it is not dear they have an
immediate incentive to participate either. However, there are Sgnificant potentia losses (relaiveto a
reformed system) for birth cohorts after 1970, and that group will be paying the taxes during the baby
boom’ s retirement. Will the post-1970s birth cohorts decide that the baby boom has rolled the implicit
Socia Security debt one generation too far? 1f so, baby boomers have a very good reason to

participate in the reform debate now.
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Variable

Mortality
I mprovement

Fertility

Immigration

Unemployment

I nflation

(CPI-W)

Real Wage

Growth

Real Interest

Rate

DI Incidence

DI Termination

Equity Returns

Corporate Bond
Returns

Tablel
Equationsin Stochastic M acr o-Demographic M odel

Description of Stochastic Process

Separate AR(1) equations for each of 21 age and 2 sex groups estimated using
SSA datafor 1900-1995. Model draws 2 sets of 21 correlated errors across
using multi-variate normd digtribution.

ARMA(4,1) equetion for overdl fertility rate estimated using SSA data for
1917-1997.

ARMA(4,1) equation for total immigration estimated using SSA data for1901-
1995.

VAR mode with two lags each on unemployment, inflation, and red interest
rate estimated using BLS and SSA data for 1954-1999.

VAR mode with two lags each on unemployment, inflation, and red interest
rate estimated using BLS and SSA data for1954-1999.

Level of nomind wage growth afunction of the three economic varigbles,
equation estimated using NIPA, BLS, and SSA data for 1954-1999; red wage
(comparable to SSA’s “differentid”) is nomina wage less inflation.

VAR mode with two lags each on unemployment, inflation, and red interest
rate estimated using BLS and SSA data for1954-1999.

AR(1) modd for overdl DI incidence rate estimated using SSA datafor 1975
to 1999.

AR(1) modd for overdl DI termination rate estimated using SSA datafor 1975
to 1999.

Tota returns awhite noise process estimated using 1bbotson Associates (2001)
large-cap data for the period 1954-1999.

Leve of large-cgp bond returns a function of inflation, unemployment, and
interest rate estimated using Ibbotson Associates (2001), SSA, and BLS data
for the period 1954-1999.




Table2
Higtorical Equity Returnsand Variability of Returns

TimePeriod M ean Standard Deviation
1926 to 2000 7.497 19.593
1926 to 1994 6.631 19.795
1954 to 2000 8.014 16.793
1954 to 1994 6.724 16.769

Source: 1bbotson Associates (2001)
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Percent Internal Rate of Return

Figure 2: Benchmark Relationship Between IRRs and Benefit Cuts
(1937 Birth Cohort)
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Figure 3: Distribution of Gap Between Cost and Income Rates
Current Law, No Fail-Safe (Insolvent System)
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Figure 4: Distribution of Trust Fund Ratios
Current Law, No Fail-Safe (Insolvent System)
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Figure 5: Median Internal Rates of Return by Birth Cohort
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Figure 6: Probability Distribution of Internal Rates of Return for Average Workers
Current Law with Benefit Cut Fail-Safe
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Figure 7: Probability Distribution of Benefit Cuts
Current Law with Benefit Cut Fail-Safe
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Figure 8: Probability Distribution of Internal Rates of Return for Average Workers
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Figure 9: Probability Distribution of Tax Increases
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Percent gap Between Cost and Income Rates

Figure 11: Distribution of Gap Between Cost and Income Rates
Normal Retirement Age Increase to 70, No Fail-Safe (Insolvent System)
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Figure 12: Distribution of Trust Fund Ratios
Normal Retirement Age Increase to 70, No Fail-Safe (Insolvent System)
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Figure 13: Median Internal Rates of Return by Birth Cohort
(Average Workers Under Current Law and Increased Normal Retirement Age to 70)
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Figure 14: Median Internal Rates of Return by Birth Cohort
(Average Workers, Increased NRA and Benefit Cut Fail-Safe, Various Reforms)

50% Trust Fund Equity Investment
N
. ~ ~ - —
. 12.5% Benefit Cut in 2005 /
] NRA Increase Only
1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997

Birth Year




Percent Internal Rate of Return

2.5

15

0.5

0

Figure 15: Median Internal Rates of Return by Birth Cohort
(Average Workers, Increased NRA and Benefit Cut Fail-Safe, Various Reforms)
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Table 3

IRR Deciles for Average Earners by Birth Cohort Under Various Reform Scenarios
(All Simulations Start with NRA Increase to Age 70 and Benefit Cut Fail-Safe)

1940 Birth Cohort
Base Reform (NRA Change Only)
12.5% New Award Reduction Starting 2007
50% Trust Fund Equity Investment
2% Individual Account Carve Out
12.5% Award Reduction and 2% Individual Account

1955 Birth Cohort
Base Reform (NRA Change Only)
12.5% New Award Reduction Starting 2007
50% Trust Fund Equity Investment
2% Individual Account Carve Out
12.5% Award Reduction and 2% Individual Account

1970 Birth Cohort
Base Reform (NRA Change Only)
12.5% New Award Reduction Starting 2007
50% Trust Fund Equity Investment
2% Individual Account Carve Out
12.5% Award Reduction and 2% Individual Account

1985 Birth Cohort
Base Reform (NRA Change Only)
12.5% New Award Reduction Starting 2007
50% Trust Fund Equity Investment
2% Individual Account Carve Out
12.5% Award Reduction and 2% Individual Account

2000 Birth Cohort
Base Reform (NRA Change Only)
12.5% New Award Reduction Starting 2007
50% Trust Fund Equity Investment
2% Individual Account Carve Out
12.5% Award Reduction and 2% Individual Account

Percentile of IRR Probability Distribution

10th

2.54
2.56
2.56
2.45
2.54

1.78
1.64
1.83
1.24
1.33

0.55
0.83
0.75
0.50
0.58

-0.03
0.09
0.20
0.37
0.41

-0.32
-0.25
-0.17
0.13
0.13

30th

2.63
2.65
2.66
2.58
2.65

211
1.88
2.22
1.69
1.75

1.19
1.48
1.47
1.22
1.30

0.66
0.89
0.90
1.07
1.18

0.38
0.53
0.57
1.07
1.02

Median

2.70
2.71
2.72
2.66
2.72

2.34
2.06
2.40
2.00
2.00

1.60
1.79
2.00
1.60
1.75

1.14
1.38
1.47
1.56
1.63

0.82
111
111
1.56
1.53

70th

2.76
2.77
2.77
2.73
2.76

2.54
2.22
2.60
231
2.22

2.10
2.02
231
2.05
2.13

1.58
1.66
1.88
1.97
2.04

1.28
1.45
1.65
1.97
1.89

90th

2.86
2.85
2.86
2.80
2.85

2.79
2.42
2.81
2.72
2.46

2.54
2.28
2.58
2.55
2.53

2.06
2.00
2.28
2.55
2.62

1.80
1.83
2.08
2.55
2.50



