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Abstract

The Congressional Budget Office Long-Term (CBOLT) model uses dynamic micro-simulation
to analyze Social Security policy. The version of CBOLT currently being used to analyze policy
for the Congress incorporates micro behavioral effects insofar as agents alter their timing of
initial claiming of Old Age Insurance (OAI) worker benefits when benefits change, and that has
a direct impact on government outlays and a feedback on the macro economy through changes in
labor supply. However, the change in benefit claim age is only one of three behavioral responses
that could be considered in Social Security analysis—the other two are labor supply (before or
after claim age) and saving behavior. This paper develops a structural life-cycle model in which
agents make choices over all three margins. Because the structural model is developed using the
same stochastic processes in CBOLT’s micro-simulation, the state-dependent behavioral “rules”
obtained from solving the life-cycle model can be used to determine behavior in a CBOLT
baseline or reform-analysis simulation.




1. Introduction’

Social Security taxes and benefits play an important role in most people’s financial
planning, so changing Social Security rules has the potential for significantly affecting saving
and labor supply behavior. Those changes in behavior could either reinforce or offset the first-
order budgetary and distributional effects of the policy change, depending on the nature of the
responses. The Congressional Budget Office Long-Term (CBOLT) micro-simulation model was
developed to evaluate Social Security proposals using a representative, longitudinal sample of
the population, which makes it well-suited for analyzing the extent to which behavioral
responses might alter conclusions about policy effects.” This paper describes a new set of
modules being developed for potential use in the CBOLT project: simulating labor supply and
saving behavior using a structural life-cycle model.

The analysis here combines the existing large-scale micro-simulation approach in
CBOLT with a structural model of life-cycle behavior. In CBOLT, demographic, economic, and
program outcomes are simulated at the micro level for a one in one-thousand representative
sample of the population (about 400,000 observations per year) which is large enough to capture
interactions between population heterogeneity and complex program rules. Those micro
outcomes are then aggregated, which allows coordinated analysis of distributional and macro

results. The amount of detail tracked at the micro level in CBOLT was initially specified to be

'The authors would like to thank Julia Coronado who provided useful comments on an earlier version of the
paper.

’For an overview of the CBOLT project see O’Harra, Sabelhaus, and Simpson (2004). The CBOLT micro-
simulation model has been used as part of the analysis of the long-term outlook for Social Security and the Kolbe-
Stenholm (HR.3821), Presidents’s Commission to Strengthen Social Security (PCSSS) Plan 2, and Diamond-Orszag
reform proposals. See CBO (2004-A, B, C, D).



just sufficient for simulating Social Security taxes, benefits, and (under proposed reforms)
individual accounts. The required detail for projecting Social Security outcomes includes
variables like micro-level births, deaths, marital status transitions, assignment of spouses, labor
supply, earnings, and benefit claim status.’ In addition to the equations for simulating that basic
detail, the CBOLT micro model also has limited behavioral response, insofar as agents react by
altering initial benefit claim-age decisions when Social Security benefits change. That change in
benefit claiming feeds back on the macro economy through increased labor supply.

However, the claim-age response currently in CBOLT is one part of the overall story
about potential behavioral responses. Agents could potentially react to changes in Social
Security along at least three dimensions. In addition to changing benefit claim age, they could
also respond by changing saving or labor supply before or after initial benefit claiming. When
considering how one might evaluate any given behavioral response, it might be important to
simultaneously consider all of the potential responses, because they are not likely to be
independent.

These criteria for introducing behavioral responses are the basis for the strategy
suggested here—adopting structural life-cycle decision rules for labor supply, consumption, and
benefit claiming behavior. Those decision rules are generated by solving a parsimonious life-
cycle model using standard dynamic programming techniques. The key is to specify a life-cycle
model that has the same basic stochastic structure as in CBOLT and enough detail about Social
Security and other programs to capture incentives and behavioral effects. The solution to the

life-cycle problem is a set of consumption, labor supply, and claiming rules in terms of a handful

3There are several technical papers on the CBO website describing various CBOLT micro modules. See, in
particular, Harris and Sabelhaus (2003), O’Harra and Sabelhaus (2002), and Perese (2002).
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of state variables that will show up in both models—age, wealth, health status, idiosyncratic
earnings differentials, and average lifetime earnings.

The derived life-cycle decision rules then become inputs to CBOLT simulations. The
current-law solution to the dynamic programming problem is the input for baseline micro saving
and labor supply projections, but the approach can also be used to directly evaluate reforms by
re-solving the dynamic program under alternative policies and using the new decision rules as
inputs to the CBOLT reform simulation. From a computational perspective, it is critical that this
approach does not require forward-looking calculations by agents in the actual course of a
CBOLT simulation.”

The specific goals of this paper are to characterize the existing CBOLT claiming
responses and to provide a progress report on the overall behavioral-response agenda. The next
section describes the CBOLT micro model and shows how the simple interconnected benefit
claim-age and labor supply responses in the current model together affect conclusions about
policy effects. The policy experiment shown is a fairly dramatic and immediate across-the-board
ten percent cut in benefits, which comes close to eliminating the present-value funding gap in
Social Security over a 75 year horizon. Agents in CBOLT are assumed to delay claiming
benefits when the policy change is enacted, and that feeds back on both system finances and the
overall economy. The behavioral effect of the policy change is both higher growth and tax
receipts, though the effects are best described as modest, and timing issues are important.

The third section presents the structural life-cycle model of consumption, benefit

claiming, and labor supply behavior being developed for use in CBOLT. The model is specified

*A standard CBOLT 100 year simulation runs in about 20 minutes on a high-end desktop computer, which
makes (overnight) Monte Carlo simulation feasible.



using the same stochastic earnings process in CBOLT, and incorporates the crucial determinants
of real-world consumption and labor supply outcomes which previous research has focused on:
uncertain lifetimes, a realistic Social Security system, liquidity constraints, consumption floor,
uncertainty about health status and medical expenditures, and a utility function that includes
consumption, leisure, and health status. The life-cycle model is solved and the behavioral rules
are used in micro-simulation of both cross-section and longitudinal outcomes.

The version of the life-cycle model used for the prototype baseline and reform
simulations in the last section includes endogenous consumption and benefit claiming behavior,
but with labor supply fixed at working full time before benefit claiming and not working
thereafter. Even though the model results shown here do not incorporate the full range of
potential labor supply responses, the consumption and wealth accumulation patterns generated in
the micro-simulation are consistent with what is known about actual behavior from various
micro data sources. In particular, the model generates realistic income, consumption, and wealth
outcomes across two important dimensions: trajectories by age within lifetime income groups,
and cross-section snapshots of a representative population. The effects of the 10 percent benefit

cut experiment are a little mixed, and sensitive to what level of consumption floor is specified.



2. Reduced-Form Labor Supply Effects in the CBOLT Micro Model

Micro-simulation is a powerful tool for analyzing public policy issues when the
interaction of complex program rules and population heterogeneity is likely to be of first-order
importance. In addition to capturing the aggregate and distributional effects of policy rules when
micro behavior is exogenous, it is possible to consider how incentives built into the rules might
affect individual labor supply and saving behavior. There are two important criteria that arise
when thinking about how best to introduce behavioral responses: although the primary goal is to
develop realistic responses, the complexity of the response mechanism has to be weighed against
computational constraints and model manageability. The current version of CBOLT reflects the
existing resolution of that tradeoff. The model has most of the micro/macro linkages in place
that would allow a comprehensive analysis of behavioral responses, but the margins of response
are currently limited to retired worker benefit claiming probabilities and the impact of
beneficiary status on labor supply.

The first principles pursued in the development of the micro-simulation were generating
realistic demographic, economic, and policy outcomes for a large representative sample, and
then applying the complex Social Security program rules to determine budgetary and
distributional outcomes. The CBOLT micro-simulation operates on the basic processes (birth,
education, labor supply, earnings, first marriage, divorce, remarriage, mate matching, benefit
claiming, benefit awards, and ultimately death) needed to calculate Social Security taxes and
benefits, and integrates the micro outcomes with a macro growth model and unified budget
framework. Most of the micro processes in CBOLT were kept parsimonious in the initial

specifications in order to get a working version of the model and thus distill the first-order



impact of using micro-simulation as a basis for Social Security baseline and reform analysis.’

Even though the claiming behavior in CBOLT’s micro-simulation is limited, the
architecture is largely in place for analyzing the aggregate and distributional effects of Social
Security. For example, the macro growth model framework in CBOLT employs a standard
Cobb-Douglas production technology, where aggregate labor input is the sum of hours worked in
the micro model.® Thus, any policy-induced changes in micro labor supply will appropriately
feed back on aggregate output and system finances.

There are a number of ways one might introduce a reduced-form approach to simulating
OAI worker benefit claiming behavior. For example, Coile and Gruber (2003) consider a
forward-looking model in which agents, as of the earliest eligibility age, compare the benefit
level that would result by claiming at any given age to the benefit if they choose to claim at the
optimal or “peak-value” age. Using this approach with the Health and Retirement Study, their
analysis captures some important aspects of claim-age responses that are also reflected in the
CBOLT model. For example, because actuarial adjustments applied to benefits neutralize most
of the impact of claiming behavior changes on outlays, the first-order budgetary impact of delays

in benefit claiming are fairly modest. However, the same observation suggests a more important

>Even the limited-behavior version of the micro-simulation based-approach leads to important insights
about Social Security that do not come through in other analyses. First, all else equal, the micro-simulation
generates projected benefit awards for male OAI workers below those based on standard actuarial techniques,
because CBOLT properly captures observed shifts in the historical relative earnings profiles (CBO, 2004-A).
Second, direct analysis of the micro-level outcomes suggests there are serious problems with using hypothetical
“example” workers to analyze the impact of proposed reforms (CBO, 2004-B, C, D).

%In general the macro growth model framework is closely related to the approach in Bosworth and Burtless
(2002, 2004) with two important differences: aggregate labor input is summed from the micro model in CBOLT, and
aggregate private saving adjusts to target a stable long-run capital output ratio. That saving assumption effectively
neutralizes the impact of assumptions about other components of the Federal budget and creates a stable baseline
similar to the one used by the Social Security Trustees when they analyze system finances. One of the primary goals
of the life-cycle approach described in the next section is to replace the simple aggregate private saving rule by
summing over individual saving, as is currently the case for labor supply.
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route by which policy might generate feedback effects: if agents delay claiming when benefits
change, they are likely to keep working, raising production and tax receipts.

The CBOLT micro claiming and labor supply modules capture these basic principles as
well. Benefit claiming rates vary by cohort and sex based on differences in average benefit
replacement rates—the ratio of average benefits to the after-tax average wage. If replacement
rates fall, agents delay claiming to offset some of the policy change through the actuarial
adjustments built into the system. The claiming probability model is a simple logistic
formulation which naturally constrains claiming probabilities to the zero/one range. In addition
to the benefit replacement rate determining claiming, there are also exogenous adjustments at
three crucial ages: the Early Eligibility Age (EEA), the Normal Retirement Age (NRA), and the
Medicare eligibility age. These adjustments capture the actual behavior of claimants that a
simple model which relates claiming to benefit levels by age cannot.” The CBOLT labor force
participation equation and hours worked decision include beneficiary status as an independent
variable, so the delay in claiming has the expected positive impact on labor supply.®

The simple claiming behavior and subsequent labor supply responses in CBOLT are
intended to capture expectations about future retiree behavior under current law and to generate
reasonable responses to various types of benefit changes. For example, scheduled increases in
the Social Security NRA are expected to indirectly induce some claiming delay because of the
actuarial benefit reductions at ages below the NRA, and directly delay claiming because of the

exogenous NRA effect. Interestingly, the baseline CBOLT projections still suggest some

"This apparent exogeneity of benefit claiming at particular ages arises in the context of specifying the life-
cycle model in the next section.

8See Harris and Sabelhaus (2003) for further details.
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bunching of claiming at the old NRA (age 65) because the Medicare eligibility age (65) is not
scheduled to change. In general, the extent of response is controlled by (ad hoc) parameters
chosen to generate outcomes suggested by previous research and, to some extent, intuition.’

Figure 1 and Table 1 show the result of a simple experiment designed to give a sense of
how different benefit claiming responses affect policy conclusions in CBOLT. The experiment
is an immediate and permanent 10% reduction in benefits for all new beneficiaries, implemented
by reducing the 90%, 32%, and 15% benefit formula replacement factors to 81%, 28.8%, and
13.5%. Figure 1 shows that, depending on the specified value for the claim response, the impact
on claiming probabilities could be quite large, especially at the earliest claim ages. That effect is
mitigated at older ages because the benefit claiming module adjusts as the pool of potential
claimants changes, preserving the asymptotic property that everyone eligible claims by age 70
(there is no reason not to in the U.S.).

Using different assumptions about claiming responses affects conclusions about the
impact on measures of interest like beneficiary counts, total benefits, labor supply, and GDP
(Table 1). The years 2014 and 2050 are chosen as reference points to highlight an important
aspect of the effects; in the short run, simulating delays in claiming while ignoring the phase-in
effect could lead one to overestimate the budgetary impact. The “no-behavior” effect of the
policy change is a roughly 5.5% drop in both average and total OAI worker benefits by 2014,
because roughly half of benefits are still being paid to people who claimed before the experiment

was initialized in 2004. However, with the baseline claiming response turned on, the count of

The parameters controlling responses are the coefficient on benefit replacement rates and the exogenous
ERA, NRA, and Medicare effects. Given these values, age-specific intercepts are adjusted so the model’s predicted
claiming behavior matches the actual claiming behavior of the most recent cohort of beneficiaries in the U.S.
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beneficiaries is nearly 3% lower by 2014, and total worker benefits have fallen 7.2%. The short-
run effects are even larger with the higher claiming response.

In the long run, the claiming effect on total outlays is largely washed out because those
beneficiaries who delay claiming receive significantly higher average benefits through the
actuarial adjustments. Indeed, the reduction in long-run outlays is fairly insensitive to how
claiming is modeled, measuring very close to the ten percent reduction specified in the
experiment across all three levels of responses.'” However, even these simple claiming
responses do show a potential for affecting outcomes through the impact on labor supply and
GDP. As claiming is delayed, total hours worked rises about one percent in the long run, which
seems significant given the size of the elderly labor force.

Although this limited claiming response reflects a distinct improvement over assuming
no behavior, it leaves much to be desired. As a matter of principle, a more realistic micro-
simulation could project individual saving and wealth accumulation in both baseline and policy
reform simulations. In addition, since it is possible that agents will respond to benefit changes
by working more when young, the micro-simulation could include labor supply effects before
claim age and the corresponding interactions with individual saving. This result leads naturally

to the life-cycle approach for modeling behavioral responses.

%0ne oft-used measure of the budgetary effects—the change in the 75 year summary actuarial balance—is
effectively the same under the various claiming specifications ranging from 1.13 to 1.15 percent of taxable payroll.
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3. A Life-Cycle Model of Consumption, Labor Supply, and Benefit Claiming

This section presents a structural life-cycle model that captures important aspects of
saving and labor supply behavior in a way that is consistent with simulating outcomes for a large
representative micro sample, as in CBOLT. Previous research has shown that stochastic
versions of the life-cycle model are capable of explaining consumption behavior and wealth
distribution, benefit claiming behavior, and labor supply across full and part time opportunities
at different points in the life-cycle. The goal in specifying the model below is to capture these
desired properties while keeping the dynamic programming problem parsimonious and
consistent with CBOLT micro-processes, so that establishing a link between CBOLT simulations
and the life-cycle solution is feasible."

The first principle built into the specification below is forward-looking consumption and
saving behavior, using the buffer-stock formulation (Zeldes (1989), Deaton (1991), Carroll
(1992, 1997)) as a starting point. The buffer-stock model can generally be described as the
solution to a life-cycle consumption problem where labor supply is exogenous and individual
earnings evolve over time because of shocks to transitory and permanent stochastic components.
The buffer-stock model has proved useful in explaining why (for example) young agents don’t

save as much as certainty-equivalent models suggest but don’t demand extensive borrowing

HThe approach here is not a general equilibrium solution to the life-cycle problem, as in papers like
Castenada, Diaz-Gimenez, and Rios-Rull (2002), Huggett (1996), Huggett and Ventura (1999, 2000), and Nishiyama
(2004). One practical limiting factor is computational: the CBOLT micro sample is quite large, averaging about
400,000 active observations per year in a standard 100 year projection, so solving forward with the traditional
consistent expectations approach assumed in general equilibrium models is infeasible. Indeed, almost any
conceivable algorithm that involves looping over agents’ expectations is computationally infeasible, which is the
basis for the recursive approach suggested here. Looking ahead, one can imagine how the approach suggested here
could someday be modified for expectations: one could work with a set of consumption and labor supply decision
rules that vary by policy and expected factor prices, and then allow changes in actual factor prices to feed back on
expectations over time.
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either. Basically, the effect of expected income growth dominates patience early in the life-
cycle, but uncertainty about future income precludes imprudent borrowing. This general class of
forward-looking consumption model has also been used to explain the accumulation of wealth
across the income distribution. Particularly, Hubbard, Skinner, and Zeldes (1994, 1995) use a
forward-looking model with asset-based, means-tested social insurance program to explain why
low-income households are more likely than high income households to hold little or no wealth.

The second important principle built into the specification below is focused on explaining
life-cycle labor supply and benefit claiming behavior. One aspect of behavior not completely
explained by a simple model is the bunching of benefit claiming (retirement from full-time jobs)
at particular ages, notably 62 and 65, which are the early (ERA) and normal (NRA) retirement
ages under Social Security. This bunching is somewhat of an anomaly because the U.S. Social
Security system is close to actuarially fair; that is, delaying claiming by one year at age 62 does
not cause a big change in the present value of lifetime net transfers. Therefore, one answer to the
puzzle is that retirement and claiming are based on some sort of “reference point” behavior.
However, Rust and Phelan (1997) propose a solution to this anomaly that involves idiosyncratic
health shocks and the availability of Medicare (which begins at age 65) and employer-provided
health insurance.'” Gustman and Steinmeier (1986, 2002, 2003, 2004) also develop an
explanation for differences in claiming behavior, where the key determinants include (for
example) the availability of part-time work after retirement and heterogeneity in the rate of time
preference across agents.

In these various approaches to predicting labor supply and benefit claiming in a life-cycle

PThis approach is further developed, with an application to the Disability Insurance (DI) program, in Rust,
Buchinsky, and Benitez-Silva (2001, 2003).
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context, it is important to consider leisure and health status along with consumption in the utility
formulation. For example, the value of leisure is often assumed to rise as agents age, which
makes them gradually more likely to retire and start claiming benefits. The actual dates of
claiming are then determined by the interaction (or tension) between program rules (ERA and
NRA, Medicare eligibility age) and preferences. Thus, although behavior may seem somewhat
exogenous when the independent variable used to predict claiming is just the (actuarial) value of
benefits at various ages, a comprehensive life-cycle formulation is able to explain a lot of the
variation in behavior."

These insights from the literature on life-cycle consumption and labor supply are
reflected in the specification below. The following notation is used throughout this section and

in the Appendix where the solution and simulation strategy is described in more detail:

U, expected present value of utility in period t

C, consumption in period t

¢c™™  consumption floor, guaranteed by government transfers

1, normalized leisure in period t

h, health status in period t

R age at which Social Security (old-age) benefit claiming begins
T maximum age

B single period discount factor

., probability of surviving to period t+s given survival through period t
a, wealth, beginning of period t

r single period (certain) net return on wealth

€, earnings in period t

™ Social Security taxes paid in period t

™ Social Security tax rate

e™  Social Security taxable maximum

b, Social Security benefit received in period t

13Improvements in computing power and more wide-spread use of life-cycle modeling have led several
authors to combine insights and make significant advances that build on these pioneering works. These types of
papers focus on the joint consumption and labor supply decision, as in the model here. Notable among these are
Woolley (2004), Blau (2004), French et al. (2003), and Van der Klauw and Wolpin (2003).
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m, out of pocket medical expenditures in period t

VA medical expenditures shock (deviation from expected) in period t

o, standard deviation of medical expenditure shocks

e, average indexed taxable earnings through period t

a”, cash on hand in period t; sum of beginning wealth and realized net cash inflows
A exogenous (age-related) component of earnings in period t

0, idiosyncratic permanent earnings differential at time t

o, standard deviation of shocks to idiosyncratic permanent earnings differential
€, transitory earnings shock at time t

o, standard deviation of transitory earning shocks

o utility function parameter, determines intratemporal substitution

Y utility function parameter, determines intertemporal elasticity of substitution
I age-specific utility function parameter, affects disutility of working by age

The life-cycle problem facing agents is to choose a sequence of consumption and leisure values

(C, 7) and benefit claiming age ( R ) to maximize expected utility,

T-t
_ —S
Iénja? Ut - Eoﬂ U(Ct+S,lt+S 9ht+s)7[t+s/t

The evolution of beginning of period wealth is given by,
| :at(l +r)+et' Tsst—’_bt'mt'ct

and there are two other constraints; a, > 0 and ¢, > ¢™" V t. Those conditions are guaranteed by
assuming government transfers that cover the gap between cash on hand (2", = a, (1 + 1) + ¢, - %,
+b, - m,) and the consumption floor (c™).

Potential earnings (full-time equivalent) is modeled in logs as the sum of the fixed (age-

specific) component (A,), the idiosyncratic permanent differential (0,), and the transitory shock
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(e,). Potential earnings are adjusted for leisure to determine actual earnings. That is,

e, =exp[ A+ 0, +¢€]gl)

where g(1,) represents normalized labor supply as a function of normalized leisure. In particular,
normalized leisure in the model takes on the value of 1 for no work, 0.6 for full-time, and 0.8 for
part-time. Then, the mapping from leisure to labor supply is g(1)=0 (no work), g(0.6)=1 (full-
time), and g(0.8) = .425 (part-time)."*

Both the permanent and transitory components of earnings are stochastic. The permanent
differential evolves over time according to 0, = 0., + m,, and both shocks (1, and €,) are

assumed normally distributed with mean zero and fixed standard deviations (0,,0. ). Given

outcomes for earnings, the value of average indexed taxable earnings through age t (e, )is a
weighted average of last period’s average (€, ) and current earnings (e,)."

Social Security taxes are computed by applying the tax rate to actual earnings but only up
to the taxable maximum. That is, t*,= t* min(e, €™). Social Security benefits are somewhat
more complicated. If age (t) is greater than claim age ( R ) then benefits are computed initially

as a function of average taxable earnings through claim age minus one and claim age itself. That

“This specification for stochastic earnings is identical to the one used in the CBOLT micro-simulation
model. The value for part-time work corresponds to 50% hours worked, but is adjusted down from g(0.8)=.5 to
2(0.8)=.425 because CBOLT uses a 15% adjustment to salaries for part-time workers.

"In the model, the age-specific component of earnings (A )includes an economy-wide average wage index
(AWTI) variable (currently normalized to grow at 1% per year, but adjustable) that factors in when computing average

indexed earnings. Without indexing, average taxable earnings evolve using ét = éFl ((t-1)/t) + min(e,, e™)(1/t).

With indexing, the formula is €, = €,_; (AWI/AWI,)((t-1)/t) + min(e, e™*)(1/t)
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is,b,=b(e,_;,R, e, t).' The basic benefit (Primary Insurance Amount, or PIA) is a piece-wise

linear function of average taxable earnings (Average Indexed Monthly Earnings, or AIME,

denoted by e,_,), with higher replacement factors at low average earnings. Claim age plays a

role in benefit determination because the basic benefit (PIA) is also actuarially adjusted; agents
get exactly the PIA at Normal Retirement Age (NRA), but less if they start claiming earlier, and
more if they start claiming later. The actual Social Security benefit paid is still potentially
affected by current earnings, however, because some beneficiaries with current earnings above
the “earnings test” are subject to having benefits reduced during that time period."’

Health status evolves using a simple, age-dependent Markov transition process denoted
h(t, h, ), and out of pocket medical spending depends on health status and a stochastic element,
m, = m(h,) + p,, where the error term has mean zero and standard deviation 0, . In the current
model, there are two health states, good and bad (although, given stochastic mortality, there is
implicitly a third health state, which is dead), with values of h=1 in the good health state and
h=.75 in the bad health state. The process determining the health status transition is very simple:

agents are more likely to stay healthy when young, and not very likely to regain good health

The average earnings measure used in the AIME formula is actually only the average of the highest 35
years of earning. Because it is infeasible to track that many state variables, this feature of the actual rules is
simplified in the dynamic programming algorithm.

"ndividuals with earnings in years prior to their NRA face a reduction in monthly benefits of $1 for every
$2 of monthly earnings above the monthly earnings test amount. Individuals with earnings in the year of attaining
the NRA face a reduction in monthly benefits of $1 for every $3 of monthly earnings above the monthly earnings
test amount; however, not all earnings are considered in applying this test, only the share of earnings that are
attributed to the months prior to attaining the NRA (someone with an NRA of 65 years and 6 months would only
face the earnings test on half of their annual earnings). For 2004, the threshold for those below the NRA is $11,640,
for those in the year of the NRA, $31,080.
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once in the bad health state." Out of pocket medical spending is also very simple in the current
model. Total outlays are a stochastic variable, with different means and variances for the good
and bad health states.”” The only institutional detail in the model is the effect of Medicare: at age
65, out of pocket health spending is always zero, because Medicare is assumed to cover all bills.
The period utility function is a standard CRRA intertemporal formulation with Cobb-

Douglas substitution between consumption and leisure. In particular,

AN
- 1

U(C[ 91[ 9h[)

In this formulation age and health status operate directly on the value of leisure to affect overall
utility. When h, is less than one (as in the poor health state) it is as though the agent simply has
less normalized leisure; so, for example, a person in good health (h=1) working full-time (1=.6)
has roughly the same utility as a person in poor health (h=.75) not working (1=1).

The dynamic programming approach to solving this life-cycle problem in terms of state
variables involves working backward from the last period of life, recursively solving the series
of two-period utility maximization problems (Bellman’s equation) at each step. The model
above has, in principle, five state variables in terms of which to solve the problem: two are
discrete (age and health status) while the other three are continuous (wealth, average earnings

through the current age, and the permanent earnings differential). However, the actual solution

18 Everyone starts at age 21 in good health. There is a 2% chance each year of moving to the bad health
state until age 51, at which point there is a 5% chance of moving to the bad health state. There is always a 1%
chance of moving back from the bad health state to the good health state.

' The mean expenditures for good health agents is $1,000, with a $500 standard deviation. The mean
expenditures for poor health agents is $5,000, with a $2,500 standard deviation.
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developed for the problem above (described in the Appendix) only seems tractable when the
state space is expanded to explicitly reflect the fact that labor supply decisions are conditional on
earnings shocks and expected benefit claim age, and consumption decisions are in turn
conditional on labor supply. The proposed solution is feasible, but currently not computationally
cost-effective.

Given the computational problems currently associated with solving the full model, the
discussion below focuses on a version of the model in which the labor supply choices are
restricted to working full-time before benefit claiming, and not working once claiming has
begun. This specification effectively makes the problem one of choosing consumption at each
age and choosing the value for the benefit claim age. The simplest approach to solving this
problem (see Rust, Buchinsky, and Benitez-Silva (2001, 2003)) is to make benefit claim age (R)
an additional discrete state variable along with age and health status (the continuous states are
still wealth, average earnings through the current age, and the permanent earnings differential).
The dynamic program is then solved recursively for consumption in terms of all six states, and
the choice of claim age is actually made only in a simulation context. At each point in the
simulation, agents (conditional on the other five states) choose the claim age with the highest

expected utility, and then choose the value of consumption consistent with all six states.
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4. Life-Cycle Behavior in a Dynamic Micro-Simulation

The structural life-cycle model developed in the last section is designed to be used in a
two-step procedure for analyzing policy. The first step is solving the structural model using
standard dynamic programming techniques, thereby generating decision rules in terms of state
variables. The second step is using those derived decision rules in the context of a dynamic
micro-simulation, integrating the behavioral predictions with the other stochastic processes
operating on agents at the micro level. This section describes the results of prototype
simulations for baseline and policy reform applications of this two step procedure.

The first step is to show that the specified model meets the basic goal of generating
realistic baseline outcomes. In order to keep the experiments initially manageable, the
simulations here use a limited subset of the CBOLT micro-simulation machinery. Unisex agents
are born, begin working at age 21, work full-time until benefit claim age, and then fully retire.
They face mortality hazards derived from Social Security Administration actuarial projections,
as in the main CBOLT model. There is no sex, marriage, education, or other demographic detail,
so the age-earnings equation in the simulator is a collapsed version from the main CBOLT model
that averages coefficients over demographic groups. The model is also simulated using only the
“going-forward” (not historical) version of CBOLT—that is, all agents are simulated from birth.

There are two distinct ways to simulate the life-cycle model, and both are used here. The
first is to focus on a single cohort, and track outcomes over their life histories. In the results
presented below (labeled “longitudinal) that are based on a single cohort, the sample size is
always set to 100,000. The second approach is to generate a representative sample for some

point in time. In these simulations, a certain number of agents per cohort (for all sample-year
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ages 21 to 100) are simulated, where the exact count is determined by the population growth
rate. In the results presented below (labeled “cross-section’) the oldest cohort sample size is set
to 2,000, and with the population growth rate at 1% per year, the youngest cohort (age 21 in the
sample year) has about 4,000 observations. Given simulated deaths, the cross-section sample
year observation count is about 185,000 agents, the same order of magnitude as in CBOLT.

In both the longitudinal and cross-section simulations, there is a key feature associated
with real-world timing: the earnings process in the life-cycle model (adopted from CBOLT)
generates relative earnings at each point in time, and the actual level of earnings is determined
by the interaction of the overall average wage index and the idiosyncratic relative earnings
component. The level of real wage growth in the simulations is set to 1%, and all of the Social
Security parameters are adjusted (in real terms) for the change in average wage growth (as in the
real world). Thus, the longitudinal earnings trajectories, cross-section age-earnings profiles, and
benefit outcomes are consistent with an economy that has steady-state real wage growth
(independent of population weighting effects) equal to 1%.

The baseline and reform simulations generally share a common set of parameter setting
and specifications for stochastic processes, summarized in Table 2. The first set of permutations
shown in the various tables involve changing the minimum consumption floor maintained by
government transfers (c™") with values of $1, $5,000, and $10,000. The second set of
permutations in the baseline involve turning the medical expenditure uncertainty on and off.
These two sets of assumptions are shown to play an important role in how well the model
replicates certain real-world observations.

The first set of results to focus on is from the cross-section simulations, shown in Table
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3. The table compares simulated percentiles of the cross-section wealth distribution with values
from the 2001 Survey of Consumer Finances (SCF). In both the actual and simulated data sets,
the wealth percentiles are divided by overall average income to make the two comparable. The
SCF values are shown for two measures: total net worth, and net worth excluding housing net
worth. The simulated data are shown for three values of the consumption floor with and without
the medical expenditure shocks turned on.

Two conclusions can be drawn from Table 3. First, the structural model is able to
replicate several important features of the actual wealth distribution. Second, conclusion number
one is very sensitive to the specification of consumption floor and uncertainty about medical
expenditures. When medical expense shocks are turned off the gradual (and ultimately
complete) resolution of income uncertainty leads to very low saving. With medical expense
shocks turned on, if the consumption floor is set too low the model generates a lot more
normalized wealth than is observed in the actual data. Although it is not clear exactly which
SCF wealth concept should be used for the comparison, the model with a $5,000 consumption
does a good job of replicating the wealth distribution all the way up to the highest percentiles. It
is particularly noteworthy that the model generates negligible wealth for a large share of the
population, which is clearly consistent with the data.

The next set of results focus on longitudinal outcomes for two stylized agents, shown in
Figures 2 through 5. The first stylized agent earns exactly the average (age-specific) earnings,
claims benefits at age 62, and remains in good health through age 100. The second stylized
agent is identical, but earns exactly half the average at each age. Figures 2 and 3 show

consumption and income trajectories, and Figures 4 and 5 focus on wealth to income ratios by

20



age.

The consumption and income trajectories in Figures 2 and 3 are based on consumption
floors of $1 and $5,000 respectively. Even with a $1 consumption floor in Figure 2, the stylized
agents reveal an important feature of the model which is consistent with real-world
behavior—consumption tracks income for most of a person’s work life and only begins to adjust
for life-cycle smoothing reasons as they approach retirement. That effect is even stronger when
the consumption floor is raised to $5,000. Indeed, comparing Figures 4 and 5 makes this
distinction even clearer: the low earning agent saves very little when the floor is $1, but nothing
at all (until right before retirement) when the floor is $5,000. This occurs even though the agent
is earning well above the actual consumption floor of $5,000—the principle that even being near
the floor has an impact on behavior comes through very clearly.

Results for the stylized agents show that the model is also able to capture other important
features of behavior, though there are also areas where model refinement is suggested. One
interesting observation is the drop in consumption that occurs at benefit claiming age, 62. This
type of drop is also observed in actual data, and is occurring in this model because of the non-
separable consumption and leisure in the utility function. Note that the drop is more noticeable
for the average income agent who is in a standard life-cycle situation (well above the
consumption floor) and saving for retirement. The figures also show at l