The 2003 Trustees Report
on the Old-Age and Survivors
Insurance and Disability
Insurance Trust Funds
contains, for the first time,
results from a stochastic
model of the combined trust
funds of the OASDI programs.
To help interpret the new
stochastic results and place
them in context, the Social
Security Administration’s
Office of Policy arranged for
three external modeling
groups to produce alternative
stochastic results. This article
demonstrates that the
stochastic models deliver
broadly consistent results
even though they use
significantly different
approaches and assumptions.
However, the results also
demonstrate that the variation
in trust fund outcomes differs
as the approach and
assumptions are varied.
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Summary

Each year in March, the Board of
Trustees of the Social Security trust
funds reports on the current and pro-
jected financial condition of the Social
Security programs. Those programs,
which pay monthly benefitsto retired
workers and their families, to the survi-
vors of deceased workers, and to
disabled workers and their families, are
financed through the Old-Age, Survivors,
and Disability Insurance (OASDI) Trust
Funds. In their 2003 report, the Trustees
present, for the first time, results from a
stochastic model of the combined
OASDI trust funds.

Stochastic modeling isan important
new tool for Social Security policy
analysis and offers the promise of
valuable new insightsinto thefinancial
status of the OASDI trust funds and the
effects of policy changes. The results
presented in this article demonstrate that
several stochastic modelsdeliver broadly
consistent results even though they use
very different approaches and assump-
tions. However, they also show that the
variationin trust fund outcomes differs
as the approach and assumptions are
varied. Which approach and assump-
tions are best suited for Social Security
policy analysisremains an open question.
Further research is needed before the
promise of stochastic modeling isfully
realized. For example, neither parameter

Security Trust Funds

uncertainty nor variability in ultimate
assumption valuesisrecognized explicitly
in the analyses. Despite this caveat,
stochastic modeling results are already
shedding new light on the range and
distribution of trust fund outcomes that
might occur in the future.

I ntroduction

The stochastic model used in the 2003
Trustees Report was developed by the
Office of the Chief Actuary (OCACT)
of the Social Security Administration to
illustrate the uncertainty surrounding
projections of the financial future of the
Social Security system over the next 75
years. The stochastic results are in-
tended to augment the traditional demon-
strations of uncertainty used in past
Trustees Reports. The standard method
of demonstrating uncertainty isto present
three alternative sets of deterministic
projections. Theintermediate (Alterna-
tivell) projections are intended to reflect
the best estimates of future experience.
The low-cost (Alternative I) and high-
cost (Alternative I11) projections are
based on more optimistic and more

pessi mistic assumptions about the future,
respectively. The three alternatives
indicate a possible range for future
experience. The stochastic model also
relies on the assumptions underlying the
intermediate (Alternative I1) projections.
Time constraints dictated that the sto-
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chastic results in the 2003 Trustees Report be based on
the assumptions from the 2002 report.

The purpose of stochastic modeling isto further
illustrate the degree of uncertainty inherent in projecting
future financial outcomes for the combined OASDI trust
funds. Those outcomes depend on the future values of a
large number of demographic, economic, and program-
specific variables that cannot be known with certainty
and must be forecast. Stochastic modeling is an attempt
to forecast the future values of variables in a manner that
is consistent with contemporary economic and demo-
graphic theory and with empirical evidence. The statisti-
cal techniques used in stochastic modeling help to ensure
that the variables that determine the future financial
condition of the combined OASDI trust funds evolve over
timein afashion that is consistent with their past behav-
ior and isintended to be consistent with their actual
future behavior. Simulation techniques are used to
construct alarge number of future financial outcomes for
thetrust funds. Each simulation makes random draws
for the stochastic variables from their estimated probabil-
ity distributions and uses those randomly drawn variables
to produce future trust fund outcomes. The distribution
of those simulated outcomes is then assumed to be
representative of the range and distribution of actual
outcomes that might be realized in the future.

To help interpret the new stochastic results and to
place them in context, the Social Security Admini-
stration’s Office of Policy arranged for three external
modeling groups to produce alternative stochastic results
that also used the assumptions from the 2002 Trustees
Report.> This article describes results produced by:

* The Congressional Budget Office Long Term
(CBOLT) model;

* A model developed by Shripad Tuljapurkar and Ron
Lee (TL), formerly of Mountain View Research;
and

» The SSASIM model developed by the Policy
Simulation Group.

The results from the three external models are ana-
lyzed and compared, with particular attention paid to the
alternative assumptions and approaches adopted by each.
The results are also compared with the stochastic results
produced by OCACT and with the intermediate, high-
cost, and low-cost projectionstraditionally used by the
Trustees. The external models produce results that are
quite similar to each other, but they do exhibit some
differences when compared with both the stochastic and
nonstochastic results produced by OCACT.

Highlights of the Models' Results

The major results from the models are summarized bel ow
and in Table 1.

CBOLT Model

The median simulation result from the CBOLT model
projects that the combined OASDI trust funds will be
exhausted in 2037—4 years earlier than the date of 2041
projected under the Alternative |l assumptionsin the
2002 Trustees Report. The CBOLT model projects a 10
percent chance that the trust funds will be exhausted by
2028, which is one year earlier than the Trustees stan-
dard high-cost projection. The model also projectsa 10
percent chance that exhaustion will not occur before
2063. In contrast, according to the Trustees' standard
low-cost projection, the trust funds are not exhausted by
2076, the end of the 75-year projection period.

TL Model

The median simulation result from the TL model also
projects exhaustion of the combined OASDI trust funds
in 2037—again, 4 years earlier than projected by the
standard model under the Alternative I assumptionsin
the 2002 Trustees Report. The TL model projectsa 10

Table 1.
Projected trust fund exhaustion dates under
assumptions of the 2002 Trustees Report

Low Intermediate High
Model range range range
Stochastic models
CBOLT 2028 2037 2063
TL 2029 2037 2056
SSASIM a 2037/2038 a
OCACT 2034 2041 2057
Standard model (based on
2002 Trustees Report) 2029 2041 b

SOURCE: CBOLT = Congressional Budget Office Long Term
Model; TL = model developed by Shripad Tuljapurkar and
Ron Lee; OCACT = Office of the Chief Actuary.

NOTES: For the stochastic models, the low-, intermediate-,
and high-range results are for the 10th, 50th, and 90th
percentile, respectively. For the Trustees Report, the three
ranges are for the high-cost, intermediate, and low-cost
assumptions in the 2002 Trustees Report.

a. For this article, SSASIM modeled only two
variables—productivity and fertility—stochastically, so the
range of outcomes should not be compared with those of
the other stochastic models.

b. According to the low-cost projections in the 2002 Trustees
Report, the trust funds are not exhausted at the end of the
75-year projection period.
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percent chance that the trust funds will be exhausted by
2029 and a 10 percent chance that exhaustion might not
occur before 2056. These dates compare with the high-
cost projection of 2029 and the low-cost projection from
the 2002 Trustees Report that the trust funds will not be
exhausted at the end of the 75-year projection period.

SSASIM Model

Although SSASIM isfully as capable as the other
models, for thisarticleit modelsonly two variables
stochastically—productivity and fertility. Therefore, the
results from the SSASIM model shown here are not
directly comparable with those of the other external
models or with those produced by OCACT. Rather, the
results are used to explore the implications of different
modeling choices. The results show that stochastic
modeling outcomes can exhibit significantly more varia-
tion when a structural time-series model is assumed than
when an unrestricted reduced-form ARIMA model is
used. (See Box 1 for an explanation of these two
models.) Thelimited SSASIM model produces median
simulation resultsthat project exhaustion of the trust
fundsin 2037 and 2038 under the two different model
specifications, respectively. Again, these datesare 3to 4
years earlier than the date of 2041 projected under the
intermediate assumptionsin the 2002 Trustees' Report.

OCACT Model

Unlike the results of the three external models, the
OCACT stochastic projections produce amedian simula-
tion result of trust fund exhaustion in 2041, the same as
the standard Alternative Il projection. The OCACT
results indicate a 10 percent chance that the combined
OASDI trust funds will be exhausted by 2034 and a 10
percent chance that they will not be exhausted before
2057.

All three external model s produce median simulation
results that project that the combined OASDI trust funds
will be exhausted 3 to 4 years earlier than projected
under Alternative Il in the 2002 Trustees Report. By
contrast, the OCACT median simulation results show
trust fund exhaustion in the same year as Alternative 1.
Differencesin the short-run behavior of theinput vari-
ablesand in the methodol ogy used in modeling thelong-
run behavior of some variables may account for the
divergent results, as explained below.

The trust fund ratio, or the ratio of trust fund assets at
the beginning of the year to the year’s expenditures, is a
common measure of financial adequacy for the OASDI
trust funds. The projections of the trust fund ratio from
the CBOLT, TL, and OCACT stochastic models are
detailed in the three fan charts shown in Chart 1. The
projections from the SSASIM model are shown later

because, for this article, the SSASIM model was re-
stricted to modeling only two variables—productivity and
fertility—stochastically, producing resultsthat are not
directly comparable with those of the other models.

4 N
Box 1:

Structural and Unrestricted Reduced
FormARIMAModes

The relationships between variables that evolve
over time are often described by a class of
models known as ARIMA, for autoregressive
integrated moving average. An ARIMA model
represents the current value of variables as
linear functions of their past values and of
current and past values of random shocks to the
system. ARIMA models are often used because
they can capture the trends, cycles, and correla-
tion patterns of most economic and demo-
graphic variables.

Because ARIMA models are so generdl, it is
frequently necessary or desirable to impose
additional restrictions on the model to rule out or
impose certain types of behavior on the vari-
ables. When such restrictions are suggested by
some theory or assumption, the model may be
called structural. The restrictions of a structural
model imply constraints on the coefficients of
the models, and those constraints must be taken
into account when the mode! is estimated.

When an ARIMA model is estimated without
constraints, the model is called an unrestricted
reduced form. An unrestricted reduced-form
model seeks to capture the salient features of
time-seriesrel ationships without any structure
explaining how or why those relationships arise.
Because unrestricted reduced-form models are
estimated without any constraintsimposed, they
are usually easier to work with.

In the context of thisarticle, the distinction
between structural and reduced-form models
arises because Holmer (2003) models some
variables (the productivity growth rate and the
total fertility rate) as the sum of a mean that
varies over time and as a deviation from that
mean that also varies over time. The structure
that Holmer imposes places restrictions on the
estimated coefficients of hismodel. These
restrictionsimpose behavior on the variables
that is consistent with the structure he assumes.

G J
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Chart 1.

Trust fund ratio projections from the CBOLT, TL, and OCACT
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SOURCE: Authors' calculations based on submitted results.
NOTE: ARIMA = autoregressive integrated moving average.

The fan charts depict the 10th
through the 90th percentiles of the
simulation results. They also show the
2.5th and 97.5th percentiles. The
percentiles do not represent individual
simulation outcomes or paths. Rather,
they describe the probability distribu-
tion of al of the simulation outcomes
collectively. Ineach year, 10 percent
of the simulated trust fund ratiosfall
below the 10th percentile, another 10
percent fall between the 10th and 20th
percentiles, and soon. Finally, 10
percent of the simulated ratios for each
year lie above the 90th percentile.
Only 2.5 percent of the simulated
ratios lie below the 2.5th percentile or
above the 97.5th percentile. The fan
charts are assumed to describe the
probability distribution of future out-
comes for the trust fund ratio that
might berealized.

When the trust fund reaches zero,
the combined OASDI trust funds are
exhausted. Exhaustion dates shown in
the fan charts match those in Table 1.
In addition, the fan chartsillustrate
differencesin how the various models
depict the evolution of the trust funds
over time.

Assumptions

The standard low-cost, intermediate,
and high-cost projectionsdescribed in
the Trustees Report are each based on
aset of assumptions for the variables
that determine the financial future of
the combined OASDI trust funds.
Each set of assumptions consists of a
short-range path and a long-range
ultimate value for each variable.
Those assumptions are agreed upon
each year by the Trustees of the
OASDI trust funds. The intermediate
assumptions reflect the Trustees' best
estimate for the future behavior of
each variable. The new stochastic
model developed by OCACT usesthe
intermedi ate assumptionsto determine
the mean, or expected value, of each
of the stochastic variables.

Social Security Bulletin « Vol. 65« No. 1 « 2003/2004 29



The External Models

The external models also use the ultimate assumptions of
Alternative 11 in the 2002 Trustees Report to determine
the long-run expected value of the stochastic variables,
with one exception. The TL model uses a method known
as Lee-Carter to simulate future mortality. The Lee-
Carter approach generates faster mortality improvement,
resulting in longer life expectancies, than do the Trustees
2002 intermedi ate assumptions about mortality.

The CBOLT and SSASIM methods for simulating
future economic variables are similar to each other.®
Both models use a three-variable system of equationsto
simulate inflation, unemployment, and interest rates. The
two models differ in that the CBOLT model simulates the
real (inflation-adjusted) interest rate, while the SSASIM
model simulates nominal interest rates. In addition, the
CBOLT model adds an equation
describing real wage growth, whilethe

CBOLT model also followsthisapproach). Inaddition,
whereas in some cases the OCACT model projects the
level of avariable, the external models project anonlinear
function (for example, the logarithm of the variable). In
the external models, those projected nonlinear functions
lead to asymmetric responses to shocks, which cause the
median projections of the trust fund ratio to lie below the
Alternative |l projection. Because the procedure used to
calibrate the stochastic simul ations to the intermediate
assumptions differs between the various models, the
median projection resultsalso differ.

Modeling Approaches Examined
in the SSASIM Model

As mentioned above, the results from the SSASIM model
are not directly comparable with those of the CBOLT

SSASIM model adds an equation for Chart 2.
productivity growth. In contrast, the
TL model adopts a different, reduced-

form approach, modeling thereal
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and TL models. The SSASIM results do, however,
highlight the importance of basic approacheswhen
modeling the OASDI trust funds stochastically.

The model generates two sets of results, using two
different specifications for the behavior of the stochastic
variables. The resultsindicate greater dispersion of
outcomes when a structural time-series specification is
assumed for the stochastic variables. The structural
time-series approach allows the behavior of stochastic
variables to change over time. An unrestricted reduced-
form ARIMA specification for the stochastic variables
tends to produce less dispersion of outcomes. The
structural time-series approach may produce a better fit
to the historical datafor some variables according to
Holmer (2003). Thetrust fund ratio projections from the
SSASIM model under both approaches are shown in
Chart 2.

Additional Modeling | ssues

The results from the three external models differ because
of the varying approaches they adopt and the various
assumptions each model makes. However, al three
models have been carefully calibrated so that in the long
run the expected values of stochastic variables, with the
exception of mortality inthe TL model, are in accord with
the Alternative |1 assumptions from the 2002 Trustees
Report. Hence, the results are conditional on the Alter-
native |l assumptions. To eliminate this strict reliance on
those assumptions, the ultimate rates to which the
stochastic variables are calibrated can themselves be
treated stochastically. Incorporating stochastic ultimate
rateswill add an additional dimension of uncertainty to
the models, resulting in greater dispersion of the trust
fund outcomes (Holmer 2003).

Yet another dimension of uncertainty concerns the
parameter values used in the simulation of future values
of the stochastic variables. Each of the models estimates
its time-series equations using historical data. Once
estimated, the coefficients are treated as if they are
known with certainty. However, an alternative statistical
approach would treat these estimated coefficients
themselves asrandom, adding additional uncertainty to
the stochastic models and resulting in still greater disper-
sion of the trust fund outcomes (Lee and Carter 1992).

Notes

Acknowledgments: The authors thank all those who
contributed results as well as David Pattison and John
Sabelhaus for helpful conversations.

LAn earlier version of the CBOLT model was documented in
Congressional Budget Office (2001). Resultsfromthe TL
model are documented in Lee, Anderson, and Tuljapurkar

(2003). Thosefrom the SSASIM model are describedin Holmer
(2003).

2Previousresultsfrom the SSASIM model (Holmer 2002)
that exploit its full stochastic capabilities have produced
projections that are broadly similar to those of the CBOLT and
TL modelsin all respects.

3 For thisarticle, the SSASIM model was restricted to
modeling only two variables—productivity and fertility—
stochastically. Nevertheless, the SSASIM model has the
ability to model al of the major trust fund determinants
stochastically and is fully as capable as the other models
described inthisarticle. Itisthese more general capabilities
that arereferred to here.

4 The TL modeling team chose this approach after finding
statistical evidence that the real interest rate and real wage
growth are independent.

References

Board of Trustees of the Federal Old-Age and Survivors
Insurance and Disability Insurance Trust Funds. 2002. 2002
Annual Report. Washington, D.C.: U.S. Government Printing
Office. March. Availableat http://www.social security.gov/
OACT/TR/TROZ/index.html.

. 2003. 2003 Annual Report. Washington, D.C.:

U.S. Government Printing Office. March. Available at

http://www.social security.gov/OACT/TR/TRO3/index.html.

Congressional Budget Office. 2001. Uncertainty in Social
Security’s Long-Term Finances: A Sochastic Analysis.
Technical Report. December. Available at http://www.cbo.gov.

Holmer, Martin R. 2002. Presentation to Office of Policy, Socia
Security Administration, Washington, D.C. June.

. 2003. Methods for Sochastic Trust Fund

Projection. Report prepared for the Social Security Adminis-

tration. January. Available at http://www.pol sim.com/
stochsim.pdf.

Lee, Ronald D., and Lawrence Carter. 1992. “Modeling and
Forecasting the Time Series of U.S. Mortality.” Journal of the
American Satistical Association 87(419): 659-671.

Lee, Ronald D.; Michael W. Anderson; and Shripad
Tuljapurkar. 2003. Sochastic Forecasts of the Social Security
Trust Fund. Report prepared for the Social Security Adminis-
tration. January. Available at http://simsoc.demog.berkeley.
edu/Reports/LAT_SSA_Mar2003.pdf.

Social Security Bulletin « Vol. 65« No. 1 « 2003/2004 31



