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Abstract

Based on the projections in CBO’s The 2014 Long-Term Budget Outlook, we analyze five stylized
changes in federal fiscal policy that would close a fiscal gap of 1.8 percent of GDP by immediately
and permanently increasing tax revenues or decreasing spending. Those policy changes would
stabilize the debt-to-GDP ratio at the 2014 level of 74 percent. We conduct our analysis using a
heterogeneous-agent overlapping-generations model of the U.S. economy and examine how the
stylized policy changes would affect the economy over time and the well-being of different gen-
erations. Importantly, the significant benefits of stabilizing the debt-to-GDP ratio do not depend
on the specific policy used. As a result, we focus on measuring the costs that the stylized poli-
cies would impose on different generations. We find that for households containing working-age
adults or retirees, tax increases are less costly than benefit cuts, whereas for future generations,
cuts to Social Security and Medicare benefits are the least costly of the options we analyze. The
choice of policy has a relatively small effect on the economy’s output in the long run, and a policy’s
effect on output is a poor predictor of how its implementation would affect households’ well-being.



1 Introduction
In 2014, the U.S. government’s accumulated debt equaled 74 percent of the nation’s gross

domestic product (GDP), and it remains at about that percentage today. In the long-term budget
projections issued by the Congressional Budget Office (CBO) in 2014, under then-current laws
future spending was projected to exceed future revenues, and debt held by the public was projected
to increase to 225 percent in 2089.1 A common measure of the government’s fiscal imbalance is
the fiscal gap—the size of the changes in noninterest spending or revenues that would be needed
to make federal debt equal its current percentage of GDP at a specific date in the future. In 2014,
CBO estimated that the 75-year fiscal gap was 1.8 percent of GDP; in other words, a permanent
increase in federal revenues or reduction in federal spending equal to 1.8 percent of GDP each year
starting in 2015 would cause debt to equal 74 percent of GDP, its 2014 level, in 2089.2

This analysis examines five stylized changes in fiscal policy designed to close a fiscal gap of
1.8 percent of GDP and keep the debt-to-GDP ratio at 74 percent. The analysis looks at how
the policies’ costs to households in terms of higher taxes or lower transfers would affect the U.S.
economy, aggregate net income, and the well-being (or welfare) of individual households. Policy
changes designed to prevent unsustainable growth in debt would affect different types of house-
holds differently. For example, the effects of tax increases or benefit cuts would be different for
low-income households than for high-income households, and different for poor households than
for wealthy households. This analysis examines the effects of policy changes on different genera-
tions of households.

There are many possible combinations of fiscal policy changes that would close the fiscal gap
and return debt as a percentage of GDP to a sustainable path. The benefits of closing the fiscal
gap would be identical for all policies.3 However, it is not possible to measure any of the gains
from moving from an unsustainable to a sustainable policy because an unsustainable policy—by
definition—cannot be maintained indefinitely. In contrast, the costs imposed on different genera-
tions would depend on the specific policy chosen, and those differences in costs can be measured
by CBO’s overlapping-generations model. For those reasons, we focus on analyzing the costs to
households, and the resulting effects on the macroeconomy, of implementing different policies to
close the fiscal gap. That analysis allows us to answer the question of how policies rank in terms of
costs imposed on different cohorts. (And because the benefits of closing the fiscal gap are the same

1In the most recent update to its long-term budget outlook, the Congressional Budget Office projected that if
current laws remained generally unchanged, federal debt would equal 181 percent of GDP in 2090 and the 75-year
fiscal gap would be 1.4 percent of GDP. (See Congressional Budget Office, 2015.) If our analysis was based on those
updated numbers, the costs of closing the fiscal gap would be lower, but the ranking of the policy changes in terms of
costs they would impose on different generations would remain the same.

2See Congressional Budget Office (2014a). Auerbach and Gale (2012) define the long-term fiscal gap as “the
immediate and permanent increase in taxes or reduction in spending that would keep the long-term debt-to-GDP ratio
at its current level.” In Section 5, we show the results of policy experiments to close a long-term fiscal gap of 1.8
percent of GDP rather than a 75-year fiscal gap of that magnitude.

3CBO’s The 2015 Long-Term Budget Outlook describes a large and growing federal debt as having “significant
negative consequences for the economy in the long term” and as “imposing significant constraints on future budget
policy.” In particular, the projected amounts of debt would reduce the total amounts of national saving and income in
the long term; increase the government’s interest payments, thereby putting more pressure on the rest of the budget;
limit lawmakers’ flexibility to respond to unforeseen events; and increase the likelihood of a fiscal crisis. (Congres-
sional Budget Office, 2015, p.16.) Because each of our stylized policy changes would close the fiscal gap, the benefits
of avoiding those negative consequences would be the same for each policy change.
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for all policies, that analysis also provides a ranking of the overall effects of policies on different
households.) Thus, our results provide information to lawmakers choosing among policies to close
the fiscal gap. However, our results do not provide answers about who would benefit from closing
the fiscal gap, whether closing the fiscal gap should be a priority, or whether lawmakers should
start closing the gap now or later.4

1.1 Analytic Approach
We use a dynamic general-equilibrium overlapping-generations (OLG) model with hetero-

geneous households—CBO’s “life-cycle growth model”—to analyze the costs that fiscal policy
changes would impose on different generations as well as the relative macroeconomic effects of
those changes. However, a dynamic general-equilibrium model with forward-looking (rational)
households cannot be used to estimate the effects of a policy that is permanently unsustainable.
The reason is that an ever-increasing debt level would lead to higher interest rates and increases in
the government’s debt-service costs. Those costs would eventually grow so large that the resources
of U.S. households could no longer cover them. Predicting that, forward-looking households would
stop purchasing government bonds, and as a result, the government would have to change its fiscal
policies.

Because we cannot construct an economy in which an unsustainable fiscal policy lasts perma-
nently, we instead create a benchmark economy with a sustainable fiscal policy and a constant
debt-to-GDP ratio in the long run. We then introduce a fiscal gap by increasing the government’s
purchases by 1.8 percent of GDP as measured in the benchmark economy and then eliminate that
gap using one of five stylized policy changes. That approach allows us to investigate the effects
of different policies relative to the benchmark economy, including effects on the overall econ-
omy, households’ labor supply and saving, and the welfare of households in different age cohorts.
Therefore, the estimates in this paper illustrate the relative effects of the different policies, but not
the overall effects of policies to stabilize the debt-to-GDP ratio. For example, some households
would be affected much more than others by policies that close the fiscal gap by raising taxes or re-
ducing transfers, with the precise relative effects depending on the details of the policies. (Policies
to eliminate the fiscal gap would have other beneficial effects on households’ well-being and the
economy, but—as described above—those effects would be the same across policies and therefore
would not affect the relative ranking of the policies in terms of their effect on different cohorts.)

This paper provides insights about the relative effects of different policy changes on the fol-
lowing factors:

• Households’ labor supply and saving behavior,

• The overall economy,

• The amount of net transfers that households receive, and

4For example, although some generations would incur costs from policy changes that aimed to stabilize the debt-
to-GDP ratio now, they would also receive benefits from having the fiscal gap closed now rather than in the future.
However, other generations, such as current retirees, would probably not see most of the benefits of closing the fiscal
gap because they would not live long enough for those benefits to be substantial (see Congressional Budget Office,
2010). However, because we are unable to calculate the benefits to different generations from closing the fiscal gap,
we cannot judge which cohort would ultimately benefit from our stylized policy changes.
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• Households’ economic well-being.

In the model economy, households are different (heterogeneous) with respect to their age,
hourly wage, wealth, and the average historical earnings used to calculate their future Social Se-
curity benefits. Households may experience uninsurable wage shocks each year, which produces
inequalities not only in annual income but also in wealth and lifetime income.

1.2 Policy Changes Analyzed
The five stylized fiscal policies that we study include two policy changes that would decrease

federal transfers relative to what would occur in the benchmark economy:

• A uniform cut in lump-sum transfers (fixed-amount transfers that do not depend on a house-
hold’s income or wealth),5 and

• A uniform percentage cut in Social Security’s Old-Age, Survivors, and Disability Insurance
benefits and Medicare’s Hospital Insurance benefits (referred to collectively as OASDI/HI
benefits).

The stylized policies also include three policy changes that would raise federal taxes:

• An increase in the payroll tax rate for Medicare’s Hospital Insurance program (taxes on labor
income to help finance Medicare),

• A uniform percentage increase in marginal income tax rates (the percentage of an additional
dollar of income that is paid in taxes), and

• An increase in the rate of a flat consumption tax (which approximates excise and other taxes).

Those five policies roughly correspond to various options discussed in CBO’s 2014 publication
Options for Reducing the Deficit: 2015 to 2025 (Congressional Budget Office, 2014c). The policies
were chosen because of their differential effects on age groups. Cuts in lump-sum transfers are the
same across all households, whereas cuts in OASDI/HI benefits only apply to cohorts ages 65 and
older. Increases in payroll taxes fall almost entirely on working-age households, because they are
levied on labor earnings; increases in income taxes fall on the elderly to some extent, because they
apply to asset income, but they fall more heavily on working-age households; and consumption
taxes affect both the young and the old, because people continue to consume goods and services
after retirement.

Those policy changes would affect the amount of transfers, net of taxes, received by different
cohorts relative to what they receive in the benchmark economy and would alter their incentives to
work and save. As a result of those changes in incentives, economic outcomes would be different
than under the benchmark. In addition, the differences in transfers and taxes, together with effects

5This policy option was chosen for analytical reasons, because it decreases transfers to each household equally
without directly changing a household’s incentives to work or save. This policy can be approximated with a com-
bination of transfers that different groups of people receive, such as Medicare and Medicaid benefits, Supplemental
Nutrition Assistance Program benefits, tax deductions for mortgage interest, and others. To cut lump-sum transfers
uniformly would require that the benefits of different programs be adjusted in such a way that each household experi-
enced the same decrease in disposable income.
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on incentives and the impact on the economy, would affect the well-being of different cohorts
(relative to their well-being under the benchmark) in different ways.

In general, if the government cut spending on transfers—either lump-sum transfers or OASDI/HI
benefits—households would choose to work and save more to compensate for the reduction in
transfers. As a result, cuts in transfers would increase the aggregate labor supply, the capital stock,
and the total output of the economy relative to the benchmark economy. The effect on households’
saving would be particularly large if the transfers that were cut were OASDI/HI benefits, because
households would want to accumulate more wealth to insure against outliving their assets during
retirement.

If the government instead increased payroll or marginal income tax rates, households would
work and save less, which would decrease the aggregate labor supply, the capital stock, and the
total output of the economy. Of those two policies, the negative effect on households’ saving
would be larger with an increase in income tax rates, because the income tax applies to capital
income as well as labor income and therefore affects the after-tax return on saving. Because of the
progressivity of income tax rates, any proportional increase would raise top marginal tax rates the
most. Furthermore, because the top marginal rates are already higher than other marginal tax rates,
even the same absolute change in marginal tax rates would produce a larger percentage change in
the after-tax rate of return on saving for high-income households, which are the biggest savers in
the model economy (consistent with empirical evidence).

If the government increased a flat-rate consumption tax, the impact on the overall economy
would be neutral in the sense that output would remain unchanged.6 An unanticipated increase in
the consumption tax rate would have no effect on households’ labor supply and saving because
it would proportionally decrease the purchasing power of households’ future labor income (the
substitution effect) and current wealth (the wealth effect). Those two effects would cancel each
other out, so that there would be no effect on households’ behavior (working and saving), although
households would decrease their consumption.7

1.3 Main Findings
We use two approaches to measure the relative costs that the stylized policies would impose

on different age cohorts. The first approach is to calculate the impact of a policy on the amount
of transfers that different cohorts receive, net of the amount of taxes they pay. We measure that
cost as the annuitized value of the net present value (NPV) of net transfers at the time of the policy
change. (The NPV adjusts future payments for the time value of money to make them comparable
with payments today.) The second approach is to estimate the change in households’ well-being
because of the policy change. For that purpose, we use the consumption-equivalence measure of
welfare, which assesses the percentage by which a household’s consumption in the benchmark
economy would have to change each year of the household’s remaining life—at the time of the
policy change—to make the household just as well off as under the new policy.

On the basis of those measures, we find that all five policies would reduce households’ net

6Although currently there is no federal flat-rate consumption tax, we treat all revenues other than those from
the income and payroll taxes—such as revenues from excise taxes and custom duties—as proceeds of a flat-rate
consumption tax.

7The effects of an unanticipated increase in a consumption tax differ from the impact of an increase in the payroll
tax rate because changes to the payroll tax rate leave unaffected the purchasing power of households’ assets.
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transfers and well-being relative to the benchmark economy—an expected result, because only
the costs and not the benefits of the policies are incorporated. The spending policies would have
different effects on the macroeconomy than the tax policies would; for example, spending cuts lead
to higher output than tax increases do. However, given that all of the policies would create a stable
and sustainable fiscal policy, the particular choice of policy has only a small effect on output in the
long run.

We also find that a policy’s effect on output is a poor predictor of how it would affect house-
holds’ well-being. One reason is that households are assumed to be risk-averse, so policies that
provide insurance against fluctuations in consumption are valued more than policies that expose
households to more risk of such fluctuations, all else being equal. Similarly, policies that induce
households to work more decrease their welfare, all else being equal. Thus, although cuts to
lump-sum transfers and OASDI/HI benefits lead to higher output in the long run (largely because
households work and save more), the well-being of working-age households and retirees is greater
when payroll or income taxes are increased instead.

Our main results by cohort are the following:

• Retirees (age 65 and older) and older workers (ages 41 to 64) experience the smallest reduc-
tion in net transfers and welfare from the payroll tax increase and the largest reduction in net
transfers and welfare from the cuts to OASDI/HI benefits.

• Younger workers (ages 21 to 40) experience the smallest reduction in net transfers from the
cuts to OASDI/HI benefits or lump-sum transfers and the largest reduction in net transfers
from the increase in income tax rates. In terms of their welfare, by contrast, younger workers
tend to fare better under the increases in payroll or income taxes than under the cuts in
transfers or increases in consumption taxes.

• Very young people (up to age 20) and future generations experience the smallest reduction
in net transfers and welfare from the cuts to OASDI/HI benefits and the largest reduction
in net transfers and welfare from the increases in income tax rates or the cuts to lump-sum
transfers.

The rest of this paper is laid out as follows: Section 2 provides an overview of the heterogeneous-
agent OLG model, Section 3 describes technical details of the model economy, and Section 4
explains how we calibrated the model to the 2013 U.S. economy. Section 5 describes how we
generated the benchmark economy with a fiscal gap and provides the results of our main styl-
ized policy experiments to close the fiscal gap. The paper concludes with sensitivity analyses that
examine the costs of closing the fiscal gap under alternative modeling assumptions and different
values for some key parameters.

2 Overview of the Model
CBO’s life-cycle growth model is a general-equilibrium model in the sense that people make

decisions in response to prices—such as wages and rates of return on saving—that are themselves
determined by the decisions those people make.8 The model includes different cohorts of house-
holds, also known as overlapping generations, that are forward-looking in their behavior. People in

8Several paragraphs in this section are taken directly from Congressional Budget Office (2014b).
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the life-cycle model are assumed to make choices about working and saving in response to current
and anticipated future after-tax wages, after-tax rates of return, and transfer payments. The ex-
tent to which households can correctly anticipate those factors varies: They are assumed to know
precisely how fiscal policy and the economy as a whole will evolve in the future, but they face
uncertainty about their own future income. In addition, households in the life-cycle model can
become credit-constrained if their current income falls significantly below their expected future
income—that is, borrowing limits may prevent them from borrowing enough to maintain their
desired level of consumption given their expected lifetime income.

In the life-cycle growth model, the estimated effects of changes in fiscal policies depend on
the degree to which the labor supply, private saving, and net inflows of foreign capital respond to
those policy changes. This analysis incorporates the assumption that interest rates are determined
entirely in the domestic economy (effectively assuming a closed economy).9

The responses of the labor supply and private saving to changes in fiscal policies are more
complicated. Both variables are influenced by the current values and future anticipated values of
households’ after-tax wages, after-tax rate of return on saving, and disposable income, among other
factors.10 Because of the uncertainty that households in this model face about their future income,
they take the precaution of keeping additional savings as a buffer against potential drops in income.
That precautionary motive to save is not strongly affected by changes in the after-tax rate of return
on saving; as a result, households’ saving does not respond as much to changes in marginal tax
rates on capital income as it does in models that do not include a precautionary motive of that sort.

The government’s consumption does not affect households’ decisions about private consump-
tion and labor supply in the model economy, but lump-sum transfers directly affect households’
decisions through their intertemporal budget constraint.11 In the model economy, the government’s
consumption is roughly equivalent to the government’s purchases of goods and services in the
data. Such government consumption might have a variety of effects on behavior and well-being,
but modeling those effects is beyond the scope of this analysis. In this paper, therefore, we do not
include government consumption in a household’s utility function or budget constraint. Thus, in
this analysis, government consumption generates no behavioral and utility effects, in keeping with
the standard assumption in the macroeconomic public finance literature.

The model incorporates the assumption that people decide how much to work and save to
make themselves as well off as possible over their lifetime but do not consider the well-being
of their children. Therefore, older generations know that they could retire or die before a policy
change occurs and tend to be less responsive to future policy changes than younger generations are.
Given the forward-looking behavior of households in the life-cycle model, estimating the effects
of changes in fiscal policies requires CBO to make assumptions about future policies—not only
during the period when the proposed policy changes are explicitly in effect but also into the distant

9In Appendix A.4, we present results that alternatively incorporate the assumption of a small open economy, in
which net capital inflows change to offset any effect of changes in fiscal policies on interest rates.

10For example, if households expect the after-tax rate of return on saving to be higher in the near future, they may
increase their saving and labor supply now so they can build up more assets. If they expect their after-tax wages to be
higher in the future, they may decrease their labor supply and saving now. For a discussion of CBO’s estimates of how
the supply of labor responds to changes in after-tax wages in the life-cycle growth model, see Reichling and Whalen
(2012).

11An intertemporal budget constraint is a constraint faced by households that make choices about how much to
consume and work in the present and the future. It generally says that the present value of current and future spending
cannot exceed the present value of current and future income.
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future. Moreover, because households in the model are assumed to know how fiscal policy will
evolve in the future, the assumed policy must put federal debt on a sustainable path over the long
run; forward-looking households would not hold government bonds if they expected that debt as a
percentage of GDP would rise without limit.

3 Technical Description of the Model
The model economy consists of a large number of heterogeneous and overlapping-generations

households, a perfectly competitive representative firm with constant-returns-to-scale technology,
and a government that can credibly commit to a fiscal policy.12 The time is discrete, and one
model period is a year, which is denoted by t. In a stationary (steady-state) equilibrium of the
model, the economy is assumed to be on a balanced-growth path with a constant labor-augmenting
productivity growth rate, µ, and a constant population growth rate, ν.13

In the following description of the model, individual variables other than working hours are
growth-adjusted by (1 + µ)−t, the population measure (number) of households is adjusted by
(1 + ν)−t, and aggregate variables are adjusted by [(1 + µ)(1 + ν)]−t.14

3.1 Households
Households in the model economy are heterogeneous with respect to the age of the household’s

head, i = 21, . . . , I; wealth at the beginning of the year (net worth), a ∈ A = [amin, amax]; average
historical earnings used to calculate Social Security Old-Age and Survivors Insurance (OASI)
benefits, b ∈ B = [0, bmax]; and labor productivity, e ∈ E = [0, emax].15 The household’s hourly

12The heterogeneous-agent OLG model described in this section is a simplified version of the models in Nishiyama
(2011, 2013). The detailed computational procedure to solve those models is described in Nishiyama and Smetters
(2014). The previous version of CBO’s life-cycle model (used in 2012 and earlier) is based on the models described
in Nishiyama (2003) and Nishiyama and Smetters (2007). Versions of the model have been used in CBO’s analyses of
the economic effects of the President’s budget since 2003.

13The economy we analyze, in general, grows over time in real terms. (There is no inflation in the model economy.)
We assume that individual labor productivity grows, on average, at µ = 1.8% each year and that the population grows
at ν = 1.0% each year. When a household’s individual working hours for each age and the wage rate are unchanged
over time, the aggregate labor supply in efficiency units grows at (1 + µ)(1 + ν) − 1 = 2.8% each year because of
the labor productivity growth and population growth. When the economy’s capital stock grows at that same rate, the
total output of the economy also grows by 2.8 percent each year. The economy is said to be on a balanced-growth path
when the capital stock, the effective labor supply, and total output grow at the same rate as shown in this example.

14One usually needs to solve a growth model for an equilibrium transition path backward from the long-run equi-
librium (in the infinite future) to the current year, because households in the model economy are assumed to be
forward-looking. In the growth economy, however, we cannot define and obtain the long-run equilibrium because the
economy grows indefinitely. Thus, it is common practice to adjust the economic variables and the size of the popula-
tion by the productivity and population growth rates, which means that time trends resulting from those growth rates
are removed in the model economy. With that adjustment, all economic variables and the population distribution are
constant in the final steady-state equilibrium.

15The upper bound of a household’s labor productivity, emax, is set at a reasonably high level for computational
convenience, which excludes the possibility that any household can earn an infinite amount of money. The upper
bound of a household’s wealth is also set at a reasonably high level so that the constraint, a ≤ amax, will never be
binding. Because both the labor productivity and the lifespan of the household are finite, there is an upper bound
on the wealth that the household wants to hold. That finiteness of the household’s wealth ensures the existence of
competitive general equilibrium, as defined in Section 3.4. As explained below, the household’s average historical
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wage is shown by wte, where wt is the wage rate per unit of productivity, which is determined
by the labor market. Households enter the economy and start working at age i = 21, and they
can live to age i = I = 100. For simplicity, households are assumed to start receiving OASI
benefits at the current full retirement age, i = IR̃ = 66, although they are also assumed to continue
working after that age if they find it optimal. Average historical earnings, b, are used to approximate
the household’s average indexed monthly earnings (AIME) needed to determine OASI benefits.16

Individual labor productivity, e, follows a first-order Markov process. In each year, t, households
receive idiosyncratic and age-dependent shocks to their working ability, e, and they each choose
their consumption, c, working hours, h, and thus wealth at the beginning of the next year, a′, to
maximize their expected (remaining) lifetime utility.17

3.1.1 State Variables

Let s and St denote the individual state of the household and the aggregate state of the economy
in year t, respectively,

s = (i, a, b, e), St = (xt(s), dG,t),

where xt(s) is the growth-adjusted population distribution (density) function of households, and
dG,t is the government’s debt (held by the public) per household at the beginning of year t. Let
pi be the growth-adjusted population of age-i households.18 The population distribution function,
xt(s), and the corresponding cumulative distribution function, Xt(s), satisfy∫

A×B×E
xt(i, a, b, e)da db de =

∫
A×B×E

dXt(i, a, b, e) = pi.

Let Ψt be the government’s policy schedule at the beginning of year t,

Ψt =
{
cG,s, trLS,s, τI,s(·), τP,s(·), trSS,s(·), τC,s, dG,s+1

}∞
s=t
,

where cG,t is the government’s consumption per household, trLS,t is a lump-sum transfer per
household, τI,t(·) is a progressive income tax function, τP,t(·) is a Social Security Old-Age, Sur-

earnings, b, are introduced into the model to approximate the household’s average indexed monthly earnings for the
OASI benefit calculation. Thus, the upper bound, bmax, is equal to the maximum taxable earnings for the OASDI
payroll tax, ϑmax, in the model economy, which was $113,700 in 2013.

16See Social Security Administration (2014) for the exact calculations of the AIME and the primary insurance
amount (PIA).

17The rate of return on capital, rt, is endogenous but deterministic because there are no aggregate productivity
shocks assumed in the model economy. The average wage rate (the wage rate per efficiency unit of labor), wt, is also
endogenous but deterministic, although the individual wage rate, wte, is stochastic.

18Footnotes 13 and 14 explain why the economic variables and the population are growth-adjusted in the model
economy (economic variables are adjusted by growth in population and in productivity, while population is adjusted
only by growth in population). When the actual population of age i in year t is denoted by p̂i,t, the actual population
of this age cohort in the next year is p̂i+1,t+1 = φip̂i,t, where φi is the survival rate at the end of age i. When the
growth-adjusted population of age i in year t is denoted by pi,t, the growth-adjusted population of this age cohort in
the next year is calculated as pi+1,t+1 = φipi,t/(1 + ν), where ν is the long-run population growth rate. In this paper,
for simplicity, we assume the economy has a stationary population distribution, where the growth-adjusted population
by age, {pi,t}Ii=1, is time-invariant; that is, the actual population by age, {p̂i,t}Ii=1, expands at a constant rate, ν, every
year. Equation (7) below uses the same formula generalized to apply to heterogeneous households.
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vivors, and Disability Insurance and Medicare Hospital Insurance (OASDI/HI) payroll tax func-
tion, trSS,t(·) is an OASDI/HI benefit function, τC,s is a flat consumption tax rate, and dG,t+1 is the
government’s debt per household at the beginning of the next year. The government’s consumption
does not affect the household’s decisions on private consumption and labor supply in the model
economy, while lump-sum transfers directly affect the household’s decisions through the intertem-
poral budget constraint. The proceeds from the flat consumption tax (with rate τC,s) in the model
economy are assumed to approximate federal tax revenues other than those from the income and
payroll taxes, such as revenues from excise taxes and customs duties.

3.1.2 Households’ Optimization Problem

Let v(s,St; Ψt) be the value function of a household at the beginning of year t. Then, the
household’s optimization problem is

(1) v(s,St; Ψt) = max
c,h,a′

{
u(c, h) + β̃φiE

[
v(s′,St+1; Ψt+1) | s

]}
subject to the constraints for the decision variables,

(2) c > 0, 0 ≤ h < hmax, a′ ≥ a′min(s),

and the law of motion of the individual state,

s′ = (i+ 1, a′, b′, e′),(3)

a′ =
1

1 + µ

[
(1 + r̄t)a+ wteh+ trSS,t(i, b) + trLS,t + qt(i)− τI,t(wteh, r̄ta, trSS,t(i, b))(4)

− τP,t(wteh)− (1 + τC,t)c
]
,

b′ = 1{i<IR}
1

i−20

[
(i− 21) b

wt
wt−1

+ min(ηwteh, ϑmax)
]

+ 1{i≥IR}b,(5)

where u(·) is a period utility function, a combination of Cobb–Douglas and constant relative risk
aversion (CRRA),

(6) u(c, h) =
[ cα(hmax − h)1−α]

1−γ

1− γ
,

β̃ is a growth-adjusted discount factor (explained below), φi is a conditional survival rate at the
end of age i given that the household is alive at the beginning of age i, and E[ · | s ] denotes the
conditional expected value given the household’s current state. The household’s decision variables
are constrained: consumption, c, is strictly positive; working hours, h, are nonnegative and are less
than a time endowment, hmax; and wealth at the beginning of the next year, a′, satisfies a borrowing
constraint, a′ ≥ a′min(s).19

In the law of motion, r̄t is the interest rate (which is a weighted average of the rate of return on

19We assume, for simplicity, that the borrowing limit (the lowest possible wealth level) depends only on the house-
hold’s age i. See Section 4.2 for an explanation of the assumed value of a′min(s).
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capital, rt, and the average government bond yield, rD,t, as explained below); wt is the wage rate
per efficiency unit of labor; qt is the amount of accidental bequests received (explained below);
1{·} is an indicator function that returns 1 if the condition in { } holds and 0 otherwise; IR is
set at 65 so that the household’s OASI benefits are calculated on the basis of its growth-adjusted
earnings between ages 21 and 64;20 η is the ratio of taxable labor income to total labor income; and
ϑmax is the maximum taxable earnings for OASI taxes. The household’s wealth at the beginning
of the next year, a′, is adjusted by the productivity growth rate, 1 + µ. The average historical
earnings for a household at the beginning of the following year, b′, are calculated recursively as a
weighted average of its current (beginning-of-year) average historical earnings, b, adjusted by the
growth in the wage, wt/wt−1 (that is, wage-indexed), and of the current OASDI taxable earnings,
min(ηwteh, ϑmax). (Average historical earnings are assumed to remain constant after age 65.)21

3.1.3 The Distribution of Households

Solving the household’s problem for c, h, and a′ for all possible states,22 we obtain the house-
hold’s decision rules and average historical earnings in the next year as c(s,St; Ψt), h(s,St; Ψt),
and

a′(s,St; Ψt) =
1

1 + µ

[
(1 + r̄t)a+ wteh(s,St; Ψt) + trSS,t(i, b) + trLS,t + qt(i)

− τI,t(wteh(s,St; Ψt), r̄ta, trSS,t(i, b))− τP,t(wteh(s,St; Ψt))

− (1 + τC,t)c(s,St; Ψt)
]
,

b′(s,St; Ψt) = 1{i<IR}
1

i−20

[
(i− 21) b

wt
wt−1

+ min(ηwteh(s,St; Ψt), ϑmax)
]

+ 1{i≥IR}b.

Households are assumed to enter the economy at age 21 without any assets and working histo-
ries, thus,∫

A×B×E
dXt(21, a, b, e) =

∫
E

dXt(21, 0, 0, e) = p21 = 1.0,

where the growth-adjusted population measure (number) of age-21 households, p21, is normalized
to unity in the model economy. The distribution of households across states s′ at age i+ 1 in year
t + 1 depends on the population distribution over s at age i in year t as well as on households’

20In the current Social Security system, AIME is calculated as the average of the highest 35 years of growth-
adjusted earnings. However, keeping the previous 35 highest earnings as the household’s state variables would make
the household problem computationally intractable. In the model economy, therefore, AIME is approximated by the
average of growth-adjusted earnings of all ages before IR = 65.

21In the actual calculation of AIME, a worker’s annual taxable earnings are indexed to reflect the general earnings
level in the indexing year, which is age 60 for most workers, and the worker’s earnings in years after the indexing year
are not indexed. See Social Security Administration (2014) for more information.

22Because the household’s individual state vector, s, includes three continuous variables, a, b, and e, the number
of possible states is infinite. Therefore, we discretize the state space and solve the optimization for all nodes in each
year. The aggregate state of the economy, St, consists of a continuous function, xt(s), and thus the aggregate state
space is infinitely dimensional. When there are no aggregate shocks in the model economy, however, there is a way to
avoid this dimensionality problem. See Nishiyama (2013) and Nishiyama and Smetters (2014) for the computational
algorithm.
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decisions that influence assets and earnings, as follows, for i = 21, . . . , I ,

xt+1(s
′) = xt+1(i+ 1, a′, b′, e′)(7)

=
φi

1 + ν

∫
A×B×E

1{a′=a′(s,St;Ψt), b′=b′(s,St;Ψt)}πi(e
′| e) dXt(s),

where ν is the population growth rate, and πi(e′ | e) is a probability density function of working
ability e′ at age i + 1 given that the working ability is e at age i.23 By dividing the population
in t + 1 by 1 + ν, the model detrends population growth and expresses the growth economy as a
stationary economy.

3.1.4 Aggregation

Total private wealth, WP,t, federal debt held by the public, DG,t, national wealth, Wt, domestic
capital stock, Kt, and labor supply in efficiency units, Lt, are

WP,t =
I∑

i=21

∫
A×B×E

a dXt(s),(8)

DG,t =
I∑

i=21

∫
A×B×E

dG,t dXt(s) = dG,t

I∑
i=21

pi,(9)

Wt = WP,t −DG,t,(10)

Kt = Wt +WF,t,(11)

Lt =
I∑

i=21

∫
A×B×E

eh(s,St; Ψt) dXt(s),(12)

where WF,t is net foreign wealth, which is assumed to be exogenous and constant after growth
adjustments. In other words, actual net foreign wealth is modeled to grow at (1 + µ)(1 + ν) − 1,
the same rate as output, in all states of the economy.

3.2 The Firm
In each year, the representative firm chooses the capital input, K̃t, and efficiency labor input,

L̃t, to maximize its profit, taking factor prices, rt and wt, as given, where rt is the rate of return on
capital. The firm’s optimization problem is

(13) max
K̃t,L̃t

F (K̃t, L̃t)− (rt + δ)K̃t − wtL̃t,

23The integrand on the right-hand side is the conditional density function of the household’s state at age i + 1
given the state at age i—that is, f(i+1, a′, b′, e′ | i, a, b, e) = 1{a′=a′(s,St;Ψt), b′=b′(s,St;Ψt)}πi(e

′| e). Multiplying the
density function, x(i, a, b, e), gives us the two-year joint density function of the state, f(i, a, b, e, i+ 1, a′, b′, e′). Inte-
grating the joint density function with respect to a, b, and e provides the marginal density function, x(i+ 1, a′, b′, e′),
at age i+ 1.
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where F (·) is a constant-returns-to-scale production function, F (K̃t, L̃t) = AK̃θ
t L̃

1−θ
t , with to-

tal factor productivity A, and δ is the depreciation rate of capital. The firm’s profit-maximizing
conditions are

(14) FK(K̃t, L̃t) = rt + δ, FL(K̃t, L̃t) = wt,

and the factor markets are cleared when24

(15) Kt = K̃t, Lt = L̃t.

This paper assumes that the factor markets are cleared in each year. Thus, there is no frictional (or
involuntary) unemployment in the model economy.

3.3 The Government
We assume that the government’s policy schedule, Ψt, which determines both current and

future policy as of year t, is credible. The government collects taxes and makes its consumption
and transfer spending as scheduled in Ψt. In addition, the government collects wealth left by
deceased households (accidental bequests) and distributes that wealth uniformly to working-age
households.

The government’s income tax revenue, TI,t, payroll tax revenue for Social Security, TP,t, and
consumption (or other) tax revenue, TC,t, are

TI,t(ϕt) =
I∑

i=21

∫
A×B×E

τI,t(wteh(s,St; Ψt), r̄ta, trSS,t(i, b);ϕt) dXt(s),(16)

TP,t(τO,t, τD,t, τH,t) =
I∑

i=21

∫
A×B×E

τP,t(wteh(s,St; Ψt); τO,t, τD,t, τH,t) dXt(s),(17)

TC,t(τC,t) =
I∑

i=21

∫
A×B×E

τC,t c(s,St;Ψt) dXt(s),(18)

where ϕt is one of the parameters of the income tax function, τO,t is an OASI payroll tax rate,
τD,t is a Disability Insurance (DI) tax rate, and τH,t is a Hospital Insurance (HI) tax rate. The
government’s consumption spending, CG,t, non-Social Security transfer spending, TRLS,t, and
Social Security transfer spending, TRSS,t, are

CG,t(cG,t) =
I∑

i=21

∫
A×B×E

cG,t dXt(s) = cG,t

I∑
i=21

pi,(19)

TRLS,t(trLS,t) =
I∑

i=21

∫
A×B×E

trLS,t dXt(s) = trLS,t

I∑
i=21

pi,(20)

24In an equilibrium, the factor markets are always cleared. Private wealth, WP,t, and labor supply in efficiency
units, Lt, are determined by the household’s optimization problem; federal debt, DG,t, is determined by the govern-
ment; and the domestic capital stock, Kt, is determined by total wealth, WP,t − DG,t + WF,t. Equilibrium factor
prices, rt and wt, are then determined by the capital stock and labor supply in the economy.
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TRSS,t(ψO,t, ψD,t, ψH,t) =
I∑

i=21

∫
A×B×E

trSS,t(i, b;ψO,t, ψD,t, ψH,t) dXt(s),(21)

where ψO,t is a parameter of the OASI benefit function, ψD,t is the DI benefit per working-age
household, and ψH,t is the HI benefit per eligible household.

For simplicity, we assume that the government collects wealth left by deceased households at
the end of year t and distributes it in a lump-sum manner to all working-age households in the same
year. Because there are no aggregate shocks in the model economy, the government can perfectly
predict the sum of accidental bequests (at the end of the year) and distribute it during the year.25

The government’s revenue from those accidental bequests, Qt, is

(22) Qt =
I∑

i=21

∫
A×B×E

(1− φi)(1 + µ)a′(s,St; Ψt) dXt(s).

The bequest received by each working-age household is

(23) qt(i) =

(
IR−1∑
i=21

∫
A×B×E

dXt(s)

)−1
Qt,

for i = 21, . . . , IR − 1.
The law of motion of the government’s debt held by the public, DG,t, is

DG,t+1(dG,t+1) =
1

(1 + µ)(1 + ν)

[
(1 + rD,t)DG,t(dG,t)− TI,t(ϕt)− TP,t(τO,t, τD,t, τH,t)(24)

− TC,t(τC,t) + CG,t(cG,t) + TRLS,t(trLS,t) + TRSS,t(ψO,t, ψD,t, ψH,t)
]
,

where rD,t is the average government bond yield such that rD,tDG,t is the government’s debt-
service cost. Government bond yields are, on average, significantly lower than the average rate of
return on capital. We assume that the average government bond yield, rD,t, is a fraction of the rate
of return on capital,

rD,t = (1− ξ)rt,

where ξrt ≥ 0 is the wedge between the market rate of return and the government bond yield.
We also assume that government bonds are held by domestic households and foreign investors in
proportion to their wealth holdings.26 Then, the average interest rate on household wealth, r̄t, is

25If we instead assumed that the government collects accidental bequests at the end of each year and distributes
them to surviving households during (or at the beginning of) the next year, there would be additional interest income
received by the government (or the households).

26By assumption, net foreign wealth, WF,t, is exogenous and constant (after growth adjustment). Now suppose
that the share of net foreign wealth in total private wealth, WF,t/(WP,t + WF,t), is 10 percent. If the government’s
debt increased by $10 billion, foreign investors would hold 10 percent, or $1 billion, of the new government bonds and
would reduce their holdings of other U.S. assets by $1 billion, leaving net foreign wealth unchanged. Ninety percent,
or $9 billion, of the newly issued government bonds would be purchased by domestic households. Thus, the initial
reduction in demand for private U.S. assets would be the same as under a standard closed-economy assumption.
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the weighted average of the market rate of return and the government bond yield,

r̄t =
Kt

WP,t +WF,t

rt +
DG,t

WP,t +WF,t

rD,t =

(
1− DG,t

WP,t +WF,t

ξ

)
rt,

which is lower than the market rate of return, rt, when the government holds debt, or DG,t > 0.

3.4 Recursive Competitive Equilibrium
This section defines a recursive competitive equilibrium for the model economy.
Let s = (i, a, b, e) be the individual state of households, St = (x(s), dG,t) be the state of the

economy, and Ψt be the government policy schedule committed to at the beginning of year t,

Ψt =
{
cG,s, trLS,s, τI,s(·), τP,s(·), trSS,s(·), τC,s, dG,s+1

}∞
s=t
.

A time series of factor prices and the government policy variables,

Ωt =
{
rs, ws, cG,s, trLS,s, ϕs, τO,s, τD,s, τH,s, ψO,s, ψD,s, ψH,s, τC,s, dG,s+1

}∞
s=t
,

the value functions of households, {v(s,Ss; Ψs)}∞s=t, the decision rules of households,

d(s,Ss; Ψs) =
{
c(s,Ss; Ψs), h(s,Ss; Ψs), a

′(s,Ss; Ψs)
}∞
s=t
,

and the distribution of households, {xs(s)}∞s=t, are in a recursive competitive equilibrium if, for all
s = t, . . . ,∞, each household solves the optimization problem of equations (1) through (5), taking
Ss and Ψs as given; if the firm solves its profit maximization problem of equations (13) and (14);
if the government policy schedule satisfies equations (16) through (24); and if the goods and factor
markets clear, thus satisfying equations (8) through (12) and equation (15). The economy is in a
stationary (steady-state) equilibrium—and therefore on the balanced-growth path—if, in addition,
Ss = Ss+1 and Ψs+1 = Ψs for all s = t, . . . ,∞.27

4 Calibration
The model is calibrated to the 2013 U.S. economy with a fiscal policy that is close to the policy

prevailing in 2013. That benchmark economy is assumed to be in a stationary equilibrium and thus
on a balanced-growth path.28

Table 1 shows the target variables and values in the benchmark economy. The discount factor,
β, of households is set at 1.0266 so that the capital-output ratio, Kt/Yt, is 2.49 in the benchmark
economy (see Section 4.2). The share parameter of consumption, α, and maximum working hours

27To solve the model for a stationary (steady-state) equilibrium, the population distribution needs to be constant,
after the growth adjustment, in the long run. Even if we assume that fertility rates are constant after 2100 (because the
number of newborns depends on the distribution of the female population ages 15–50), it takes several hundred years
before the population distribution stabilizes.

28This assumption is necessary for technical reasons and means that, in the benchmark economy, the debt-to-GDP
ratio is constant and that there is no aging population and thus no growth in Social Security and Medicare spending as
a share of GDP.
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Table 1: Target Variables and Values in the Benchmark Economy

Target variables Target and Most influential parametera

benchmark values
Capital–output ratio Kt/Yt 2.49 Discount factor β
Interest rate rt 0.05 Depreciation rate δ
Wage rate wt 1.00 Total factor productivity A
Frisch elasticity of working hours 0.50 Consumption share parameter α
Average working hours 1.00 Maximum working hours hmax

Effective labor income tax rate 20.2% Income tax adjustment factor ϕt
Effective capital income tax rate 17.8% Flat capital income tax rate τK,t
Income tax revenue / GDP 10.2% Lump-sum portion of income tax τLS,t
Payroll tax revenue / GDP 6.4% Taxable labor income ratio η
Other tax revenue / GDP 1.4% Consumption tax rate τC,t
Transfer spending / GDP 12.4% Lump-sum transfers trLS,t
Government debt / GDP 74.0% Government debt dG,t

a The 12 benchmark values are set to their target values by choosing 12 parameters for preferences, technol-
ogy, and government policy shown in this table as just-identifying restrictions. However, each target value
is mainly determined by the parameter listed in this column. See Sections 4.1–4.6 of the text for detailed
explanation.

(time endowment), hmax, are jointly set so that the Frisch elasticity of the average household is
0.5 and average working hours are normalized to 1.0 (see Section 4.2). The depreciation rate of
the capital stock, δ, is set at 9.0 percent so that the rate of return on capital, rt, is 5.0 percent.
The growth-adjusted total factor productivity, A, of the production function is set at 0.9621 to
normalize the wage rate, wt, to unity in the benchmark economy (see Section 4.3).

Among the government’s policy variables, the individual income tax adjustment factor, ϕt, is
set at 0.9900 so that the average effective marginal tax rate on labor income is 20.2 percent;29 and
the flat capital income tax rate, τK,t, is set so that the effective tax rate on capital income is 17.8
percent in the benchmark economy (see Section 4.4). The lump-sum tax portion of the income tax,
τLS , is set so that total federal income tax revenue is 10.2 percent of GDP; the share of total labor
income that is taxable, η, is set at 0.8040 so that total OASDI/HI payroll tax revenue is 6.4 percent
of GDP;30 and the consumption tax rate, τC,t, is set at 2.5 percent so that the revenue from that tax
is 1.4 percent of GDP in the benchmark economy (see Sections 4.4 and 4.6). Lump-sum transfers,
trLS,t, are set so that the government’s total transfer spending (including for Social Security) is
12.4 percent of GDP; and the government’s consumption, cG,t, and debt, dG,t, are set so that the

29That average of the effective marginal tax rates on labor income does not include the effective rate of the Social
Security payroll tax. With that tax rate included, the average effective marginal tax rate on labor income is about 30
percent.

30For simplicity, we assume that the OASDI/HI programs are pay-as-you-go and thus unfunded. In 2012, the
programs’ revenue, including interest income from their trust funds, equaled 6.4 percent of GDP, and spending for
OASDI/HI benefits was also 6.4 percent of GDP. In that year, however, revenue from the OASDI/HI payroll tax
equaled about 5.4 percent of GDP, smaller than what we assumed in the model.
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debt-to-GDP ratio is stable at 74 percent in the benchmark economy (see Section 4.6).
Table 2 shows the values of the main preference and technology parameters in the model econ-

omy, and Table 3 (on page 24) shows the values of the government policy parameters in the bench-
mark economy. All of the parameter values in Table 2 are fixed all of the time, but some of the
policy parameter values in Table 3 are changed over time, exogenously and endogenously, in the
policy experiments discussed in Section 5.

4.1 Demographics
The maximum possible age of a household’s head in the model economy, I , is 100. In the model

economy, households that are headed by people ages 21 to 64 are called working-age households,
and households that are headed by people age IR = 65 or older are called elderly households, even
though they can possibly work until age 75. For simplicity, we assume that all households start
receiving Social Security (OASI) benefits at the current full retirement age, IR̃ = 66, which is the
full retirement age for people born between 1943 and 1954.

The labor-augmenting productivity growth rate, µ, is set at 1.8 percent, which is close to the
average growth rate of real GDP per capita over the 1981–2013 period. That assumption is con-
sistent with CBO’s projection that labor productivity (real output per hour worked) will grow at
an average rate of 1.9 percent a year over the 2014–2024 period and 1.8 percent a year thereafter
(Congressional Budget Office, 2014a). For simplicity, the population growth rate, ν, is set at a
constant 1.0 percent, which is close to the average population growth rate over the 1981–2013
period. The conditional survival rate, φi, at the end of age i, given that households are alive at the
beginning of age i, is calculated from the Social Security Administration’s 2009 period life table
(Social Security Administration, 2014, Table 4.C6). We use the weighted averages of male and
female survival rates; the survival rate at the end of age I = 100 is replaced with zero. When
the population (the number of households) for age-21 households is normalized to unity, and the
population growth rate is 1.0 percent, the total population of households in the model economy
becomes 44.03, and the population of working-age households (ages 21–64) becomes 34.51. 31

4.2 Preferences
Households in the model economy are assumed to be a mixture of married (60 percent) and

single (40 percent) households.32 A household’s period utility function is a combination of Cobb–
Douglas and constant relative risk aversion,

u(c, h) =
[ cα(hmax − h)1−α]

1−γ

1− γ
,

which is consistent with a growth economy, because productivity growth leaves hours worked
unchanged.33 The coefficient of relative risk aversion, γ, for the combination of consumption and

31According to the U.S. Census Bureau (2013), the total number of households in 2011 was about 115 million.
Thus, one unit of population measure in the model economy represents about 115/44.03 = 2.6 million households.

32In the 2010 Survey of Consumer Finances sponsored by the Board of Governors of the Federal Reserve System
(2012), 61 percent of households ages 21–65 and 58 percent of all households are married.

33The intuitive explanation is as follows. Suppose a household maximizes its lifetime utility, u(c, h) = [ cα(hmax−
h)1−α]1−γ/(1−γ), subject to the lifetime budget constraint, c ≤ wth, where c, h, and wt are the household’s lifetime
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Table 2: Values of the Main Preference and Technology Parameters in the Benchmark Economy

Parameter Value Commenta

Demographics
Maximum age I 100
Maximum age households can work 75
Minimum age to receive OASI benefits IR̃ 66 Full retirement age for OASI benefits
Minimum age to receive HI benefits IR 65 Medicare eligibility age
Productivity growth rate µ 0.0180 Growth of real GDP per capita in

1981–2013
Population growth rate ν 0.0100 Population growth in 1981–2013
Conditional survival rates φi SSA’s period life table for 2009
Total population 44.0334 When p21,t = 1.0
Working-age population (ages 21–64) 34.5097 When p21,t = 1.0

Preferences
Coefficient of relative risk aversion γ 3.0000 Commonly used in the literature
Consumption share parameter α 0.6906 Target: Frisch elasticity = 0.5
Maximum working hours hmax 1.6299 Target: average work hours = 1.0
Discount factor β 1.0266 Target: Kt/Yt = 2.49

Growth-adjusted discount factor β̃ 1.0016 β̃ = β(1 + µ)α(1−γ)

Production technology, wage process
Share parameter of capital stock θ 0.3485 NIPA data in 2009–2013
Depreciation rate of capital stock δ 0.0900 Target: rt = 0.05
Total factor productivity A 0.9621 Target: wt = 1.0
Autocorrelation parameter of log wage ρ 0.9500 Commonly used in the literature
Standard deviation of log wage shocks σ 0.2600 Target: variance of log earnings by

age in the 2010 SCF
Median working ability ēi Estimated by OLS

a See Sections 4.1–4.3 of the text for detailed explanations. Targets are the values calibrated in the bench-
mark economy.
Notes: OASI = Old-Age and Survivors Insurance; HI = Hospital Insurance; GDP = gross domestic product;
SSA = Social Security Administration; NIPA = national income and product accounts; SCF = Survey of
Consumer Finances; and OLS = ordinary least squares.

consumption, working hours, and wage rate, respectively. When the utility function is one of Cobb-Douglas, like the
above, the household’s optimal decision is obtained as c = αwthmax and h = αhmax. Thus, the household’s lifetime
consumption grows as its lifetime wage rate grows, but working hours are independent of the lifetime wage rate. When
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leisure is set at 3.0, which is roughly in the middle of the range typically used in the macroeconomic
public finance literature.34 The share parameter of consumption, α, and maximum working hours,
hmax, are set at 0.6906 and 1.6299, respectively, so that the benchmark economy satisfies the
following two conditions.35 First, the average working hours of working-age households (those
ages 21–64), h̄0, is normalized to unity. Second, the Frisch elasticity of working hours of the
average household (a household whose working hours are the average of those of all working-age
households) is set to be 0.5, where the elasticity is calculated as

hmax − h̄0
h̄0

1− α(1− γ)

γ
= 0.5.

When α = 0.6906, hmax = 1.6299, and h̄0 = 1.0, the Frisch elasticity of total labor supply
(in efficiency units) is calculated as 0.38, and the income-compensated (substitution) elasticity
of labor supply is calculated as 0.29. Those numbers are consistent with CBO’s review of the
empirical labor literature.36

The discount factor, β, is chosen so that the capital–output ratio, Kt/Yt, in the benchmark
economy is consistent with the data. According to the national income and product accounts
(NIPAs), during the 2009–2013 period, labor income averaged 58.9 percent of GDP, and gross
capital income averaged 31.5 percent of GDP.37 The remaining 9.6 percent of GDP represents taxes
on production and imports minus subsidies (6.6 percent) and depreciation of the government’s fixed
assets (3.0 percent). We define output in the model economy as

Yt = F (Kt, Lt) = 0.904YGDP,t,

excluding the previously mentioned 9.6 percent.38 In the fixed assets accounts (FAA) data, the
ratio of private fixed capital stock (at the beginning of the year), Kt, to GDP averages about 2.25
over the 2009–2013 period.39 Thus, the capital–output ratio, Kt/Yt, in the benchmark economy is

the utility function is one of constant elasticity of substitution (CES) with the elasticity less than unity, the household’s
lifetime working hours decrease by age cohort as its lifetime wage rate grows, which is not consistent with a growth
economy.

34For example, Domeij and Heathcote (2004) use 1.0; İmrohoroǧlu, İmrohoroǧlu and Joines (1995) use 2.0; and
Auerbach and Kotlikoff (1987) and Conesa, Kitao and Krueger (2009) use 4.0.

35Parameter α affects average working hours positively and the Frisch elasticity negatively, whereas parameter
hmax affects both average working hours and the Frisch elasticity positively. As a result, we need to determine those
two parameter values concurrently by using two target conditions.

36See Congressional Budget Office (2012). Those elasticities are calculated in the model by changing the wage
rate of all heterogeneous households by the same percentage temporarily (the Frisch elasticity) and permanently (the
substitution elasticity), keeping the income of all households unchanged. The wage elasticity of the total labor supply
is generally smaller than the elasticity of working hours, because labor supply is productivity-weighted, and high-
productivity workers who already work full-time tend to react less to changes in wages than low-productivity workers
do.

37See NIPA Tables 1.1.5. and 1.10. at http://www.bea.gov/iTable/index nipa.cfm. In calculating those income
shares, we allocate proprietors’ income proportionally among labor income and capital income.

38Here, we define the model output, Yt, as the sum of labor income and gross capital income, which is smaller
than GDP. We exclude taxes on production and imports from Yt because those taxes are mostly held by state and local
governments, and the model abstracts from those governments and international trade. We also exclude depreciation of
the government’s capital stock from Yt because it cannot be accounted for using the simple Cobb–Douglas production
function explained below.

39See FAA Table 1.1. at http://www.bea.gov/iTable/index FA.cfm. To calculate that ratio, we convert end-of-year
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targeted at 2.25/0.904 = 2.49.40 In this benchmark economy, the ratio of federal debt held by the
public (at the beginning of the year), DG,t, to GDP is set at 0.74, which is close to the level at the
beginning of 2015. The ratio of net foreign wealth (at the beginning of the year), WF,t, to GDP in
the benchmark economy is set at 0.30, which is consistent with the United States’ net investment
position, –$5.4 trillion, at the end of 2013.41

In that setting, the ratio of national wealth, Wt, to GDP in the benchmark economy is 2.25 −
0.30 = 1.95, and the ratio of private wealth (held by U.S. residents), WP,t, to GDP is 1.95+0.70 =
2.65. The discount factor, β, of households is set at 1.0266 so that the ratio of private wealth to GDP
in the benchmark economy is 2.65—or, equivalently, the capital–output ratio,Kt/Yt, is 2.49.42 The
growth-adjusted discount factor is calculated as

β̃ = β(1 + µ)α(1−γ) = 1.0016.

We assume that a household’s minimum wealth level (≤ 0) depends only on its age, as a′ ≥
a′min(i, a, b, e) ≡ amin(i+ 1), and

amin(i) =

{
0 if i = 21 or I + 1,[

(1 + µ)amin(i+ 1)− 0.1× w0emin(i)h̄0
]
/(1 + r0) if i = 22, . . . , I,

where emin(i) is the lowest working ability for age i, and r0, w0, and h̄0 are the interest rate, wage
rate, and average working hours, respectively, in the benchmark economy.43 According to the
2010 Survey of Consumer Finances (SCF) sponsored by the Board of Governors of the Federal
Reserve System (2012), 11.0 percent of households have negative net worth, and the average net
worth of those households is –$31,447. (In other words, their debt exceeds their assets by $31,447,
on average.) In the model economy, 23.7 percent of households have negative wealth, and their
average debt corresponds to $11,476 in 2013 dollars. In the model, amin varies from –$17,845 at
age 22 to –$174 at age 65 (and zero at ages 66 and older) in 2013 dollars.

4.3 The Production Technology and the Wage Process
The production function of the representative firm is one of Cobb–Douglas,

Y = F (K,L) = AKθL1−θ = 0.904YGDP .

As explained above, according to the NIPA data, the shares of labor income and gross capital in-
come (including the depreciation of capital stock) in GDP averaged 58.9 percent and 31.5 percent,
respectively, in the 2009–2013 period. Consequently, the share parameter of capital stock, θ, is set
equal to 0.315/(0.589 + 0.315) = 0.3485. When the production function is Cobb–Douglas, gross

estimates of fixed assets to beginning-of-year values.
40We do not include the government’s fixed assets in the production function because most of the government’s

capital income is not counted in GDP or government revenue.
41See International Investment Position Table 1.1. at http://bea.gov/iTable/index ita.cfm.
42The discount factor tends to be calibrated at a higher level in an overlapping-generations model than in an infinite-

horizon model. That is partly because a household actually discounts its utility of the next year by βφi, where φi < 1
is the survival rate of the age i household at the end of this year.

43Under the assumption explained in Section 4.3 below, emin(i) averages 12.7 percent of the median working
ability of the same age; and r̄, w̄, and h̄ are calibrated to be 0.05, 1.0, and 1.0, respectively.
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capital income is (rt + δ)Kt = θYt; thus, the rental rate of capital is

rt + δ = θ
Yt
Kt

= 0.3485
1

2.49
= 0.140,

or 14.0 percent. The real rate of return on private fixed assets, defined as capital income divided
by private fixed assets at the beginning of the year, is calculated from data in the U.S. fixed assets
accounts as averaging 8.4 percent in the 2009–2013 period. However, because most households
do not hold portfolios that generate that rate of return, we assume a real rate of return, rt, of 5.0
percent in the benchmark economy and set the depreciation rate of capital, δ, at 9.0 percent.44 We
also normalize the wage rate per efficiency unit of labor, wt, to be unity in the benchmark economy.
Thus, total factor productivity, A, is set to be 0.9621 as

wt = A(1− θ)
(
Kt

Lt

)θ
= A(1− θ)1−θ

(
Kt

Yt

)θ
= (1− 0.3485)1−0.34852.490.3485A = 1.0

=⇒ A = 0.9621.

The working ability, ei, of an age-i household in the model economy is assumed to satisfy

ln ei = ln ēi + ln zi

for i = 21, . . . , 75, where ēi is the median working ability at age i, and zi is the persistent shock
that follows an AR(1) process,

ln zi = ρ ln zi−1 + εi

for i = 21, . . . , 75. The temporary shock, εi, is normally distributed, εi ∼ N(0, σ2), and the initial
distribution of the log-persistent shock satisfies ln z20 ∼ N(0, σ2

ln z20
).

The median working ability, ēi, for ages 21 to 75 is constructed from the 2011 Median Earnings
of Workers by Age table (Table 4.B6, male workers) in Social Security Administration (2014).
Under the assumption that those male median workers are mostly full-time workers, the profile of
median working ability by age is estimated by using ordinary least squares (OLS) to regress the
median earnings on age for ages 25 to 64 and is extrapolated for ages 21 to 24 and 65 to 75.45

Figure 1 shows the original data and estimated values. The population-weighted average of the
median working ability, ēi, for ages 21 to 64 is also normalized to unity.46

44According the 2013 Survey of Consumer Finances, about 40 percent of families’ portfolios are financial assets
and 60 percent non-financial assets (mostly residential property). Furthermore, only about half of all families own
stocks, and stock holdings account for only about half of families’ total financial assets (Board of Governors of the
Federal Reserve System, 2014). The depreciation rate of private fixed assets, defined as the consumption of private
fixed capital divided by private fixed assets at the beginning of the year, is equal to 5.7 percent, on average, in the
2009–2013 period, according to the U.S. fixed assets accounts. In this paper, we raise the depreciation rate to 9.0
percent so that the real rate of return to capital is lowered to the target value of 5.0 percent.

45We use the male median earnings data to estimate the shape of the age–working ability profile because a larger
proportion of female workers choose not to work full time, meaning that their actual earnings are not a good repre-
sentation of their earnings ability. Thus we implicitly assume that the lifecycle pattern of potential earnings of women
matches that of men. We extrapolate rather than using the actual data on individuals ages 21 to 24 and 65 to 75 because
they are more likely to be in school or voluntarily retired.

46The wage rate per efficiency unit of labor, wt, is normalized to unity in the benchmark economy. Thus, the
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Figure 1: The Median Earnings of Male Workers by Age
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Sources: Authors’ calculations and Social Security Administration (2014).

The autocorrelation parameter, ρ, of the log-persistent shock is set at 0.95, which is approxi-
mately in the middle of the range in the literature.47 Given the initial variance, σ2

ln z20
, the variance

of the log-persistent shock, ln zi, is calculated recursively as

σ2
ln zi

= ρ2σ2
ln zi−1

+ σ2

for i = 21, . . . , 75. To align the wage process to the U.S. data, the standard deviation, σ, of the
transitory shock, εi, is set at 0.260, and the initial variance, σ2

ln z20
, of the log-persistent shock is set

at a fraction of its limiting variance,

σ2
ln z20

= 0.40 lim
i→∞

σ2
ln zi

= 0.40× σ2

1− ρ2
= 0.40× 0.6933 = 0.2773.

The coefficient 0.40 < 1 is chosen so that the variance of log earnings increases with the age of the
household (at least until about full retirement age). Figure 2 shows that the variances of log labor
income calculated using the 2010 SCF data (Board of Governors of the Federal Reserve System,
2012) and those in the benchmark economy are quite similar.

The log-persistent shock is first discretized into 13 nodes for each age by using Gauss–Hermite
quadrature; then the number of nodes for ln zi is reduced to 7 by combining 4 nodes in each tail
distribution into one node. The unconditional probability distribution of the 7 nodes is

πi =
(
0.0125 0.0792 0.2379 0.3410 0.2379 0.0792 0.0125

)
for i = 21, . . . , 75. The Markov transition matrix of an age-i household, Πi = [π(ej

′

i+1 | e
j
i ) ], that

average of the median wage per hour, wtēi, is also 1.0 in the benchmark economy.
47For example, Domeij and Heathcote (2004) use 0.90; Huggett (1996) uses 0.96; and Conesa, Kitao and Krueger

(2009) use 0.98.
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Figure 2: The Variance of Log Labor Income by Age
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corresponds to ρ = 0.95 is calculated by using the bivariate normal distribution function as

Πi =



0.8460 0.1540 0.0000 0.0000 0.0000 0.0000 0.0000
0.0243 0.8517 0.1240 0.0000 0.0000 0.0000 0.0000
0.0000 0.0413 0.8678 0.0909 0.0000 0.0000 0.0000
0.0000 0.0000 0.0634 0.8732 0.0634 0.0000 0.0000
0.0000 0.0000 0.0000 0.0909 0.8678 0.0413 0.0000
0.0000 0.0000 0.0000 0.0000 0.1240 0.8517 0.0243
0.0000 0.0000 0.0000 0.0000 0.0000 0.1540 0.8460


for i = 21, . . . , 74.

4.4 The Progressive Income Tax Function
The average (taxable) household labor income for people ages 21 to 64 is $64,162 in the 2010

Survey of Consumer Finances (Board of Governors of the Federal Reserve System, 2012).48 Be-
cause labor income per capita increased by 12.8 percent between 2010 and 2013 according to the
NIPA data, the average (taxable) labor income is estimated at $72,375 in 2013. In the units used in
the model economy, the average labor income of households ages 21–64 is calculated as 1.5092 in
the benchmark economy.49 We assume that a fraction, η < 1, of labor income (compensation and

48The model in this paper was constructed and calibrated before the Federal Reserve Board released the 2013 SCF
in September 2014.

49That value means that average labor income in the model economy is roughly 51 percent larger than median
labor income of people ages 21–64. However, the average working ability in the model is only about 36 percent higher
than the median working ability. That means that—in the model economy—those with higher working ability also
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part of proprietors’ income) in the NIPA data is taxable for the individual income tax and Social
Security payroll tax. That parameter, η, is set at 0.8040 so that the ratio of OASDI/HI payroll tax
revenue to GDP is 0.064 (6.4 percent) in the benchmark economy. Under that assumption, one
model unit corresponds to $72, 375/(1.5092× 0.8040) ≈ $59, 646 in the 2013 U.S. economy. The
model uses that ratio to convert some policy variables into the model parameters.

The income tax function in the model economy includes both the individual income tax and
the corporate income tax. We assume it is a combination of a smooth progressive labor income tax
function, a flat capital income tax function, and a lump-sum tax (constant),

τI,t(rta, wteh, trSS,t) = τL,t(wteh) + τK,trta+ τLS,t

= ϕt
{
ϕ0

[
(yL − d)−

(
(yL − d)−ϕ1 + ϕ2

)−1/ϕ1
]

+ τK,tyK
}

+ τLS,t,

where yL−d = η·wteh−d is the household’s taxable labor income after approximated deductions
and exemptions, and yK = rN,ta = (r̄t+πe)a is capital income that includes corporate income and
imputed rent from owner-occupied housing.50 The expected inflation rate, πe, is set at 2.0 percent.
The functional form of a smooth progressive labor income tax is taken from Gouveia and Strauss
(1994).

We obtain the parameters, ϕ0, ϕ1, and ϕ2, of the Gouveia–Strauss function as well as deduc-
tions and exemptions, d, by OLS with the 2014 effective labor income tax schedule estimated by
Congressional Budget Office (2014e). The first parameter, ϕ0 = 0.3780, shows the limit of the
effective marginal labor income tax rate as taxable income goes to infinity; the second parameter,
ϕ1 = 0.4528, shows the curvature of the tax function; and the third parameter, ϕ2 = 0.2203, is
used to adjust the scale of the tax function.51 The additional parameter, ϕt, is set at 0.9900 so that
the effective marginal tax rate on labor income (excluding the payroll tax rate for Social Security)
is, on average, 20.2 percent in the benchmark economy as estimated by CBO. Figure 3 shows the
marginal labor income tax rates estimated by CBO, approximated by using the Gouveia–Strauss
function, and used in the benchmark economy (after the adjustment factor, ϕt, is applied). The flat
capital income tax rate, τK,t, is set to 17.8 percent, the effective tax rate on real capital income.52

The lump-sum income tax parameter, τLS,t, is set to make income tax revenue (the sum of rev-
enues from the individual income tax and corporate income tax) equal to 10.2 percent of GDP in
the benchmark economy. The values for the effective marginal tax rate on labor income, the flat
capital income tax rate, and the ratio of income tax revenue to GDP are estimated by Congressional
Budget Office (2014e) for 2014.

4.5 The Social Security and Hospital Insurance System
We refer to Social Security’s Old-Age, Survivors, and Disability Insurance benefits and Medi-

cares Hospital Insurance benefits collectively as OASDI/HI benefits and define the OASDI/HI

work more. In particular, those with an average working ability work approximately 11 percent more than those with
a median working ability (1.36× 1.11 = 1.51).

50For simplicity, we assume that OASI benefits are not taxed. If taxes on OASI benefits were considered, the losses
under the income tax policy for retirees and those close to retirement would be slightly larger.

51The third parameter, ϕ2, is initially estimated as 0.0346 by using labor income in thousands of dollars. Then, the
Gouveia–Strauss tax function is rescaled to the model unit as ϕ2 = 0.0346× 59.646ϕ1 = 0.2203.

52For details on how this rate was calculated, see Congressional Budget Office (2014d).
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Table 3: Values of the Government Policy Parameters in the Benchmark Economy

Parameter Value Comment a

Model units
Taxable labor income ratio η 0.8040 Target: TP,t/GDPt = 6.4%
Scale adjustment b 59.6461 Average earnings $72,375 in 2013
Progressive income tax
Income tax adjustment factor ϕt 0.9900 Target: avg. labor inc. tax rate 20.2%
Labor income tax: tax rate limit ϕ0 0.3780 }

Estimated by OLS: curvature ϕ1 0.4528
: scale ϕ2 0.2203
: deduction/exemptions d 0.1677 Fixed at $10,000 in 2013

Capital income tax rate τK,t 0.2592 Target: avg. cap. inc. tax rate 25.6%
Lump-sum tax portion of income tax τLS 0.0089 TI,t/GDPt = 0.102

Social Security system
Social Security payroll tax rate: OASI τO,t 0.1060 }

Current-law tax rates
: DI τD,t 0.0180

Medicare payroll tax rate: HI τH,t 0.0290
: HI surtax τH2 0.0090

Maximum taxable earnings c ϑmax 2.6687 1.4×$113,700 = $159,180 in 2013
HI surtax threshold d ϑH 3.8632 0.4×$200,000 + 0.6×$250,000
OASI benefit adjustment factor ψO,t 1.3360 Target: TRSS,t = TP,t
PIA bend points: 0.90 - 0.32 c ϑ1 0.2228 1.4×$791×12 = $13,289 in 2013

: 0.32 - 0.15 c ϑ2 1.3430 1.4×$4,517×12 = $80,102 in 2013
Social Security benefits: DI ψD,t 0.0199 Budget balanced given DI tax rate
Medicare benefits: HI ψH,t 0.1359 Budget balanced given HI tax rate
Other policy variables
Govt. consumption per household cG,t 0.1185 Target: DG,t/GDPT = 74%
Lump-sum transfers per household trLS,t 0.1282 Target: transfers/GDPt = 12.4%
Consumption tax rate τC,t 0.0250 Target: TC,t/Yt = 1.4%
Government debt per household dG,t 1.4984 Target: DG,t/GDPt = 74%
Accidental bequests per household qt 0.0955 Qt/working-age population
Wealth held by foreigners WF,t 28.2773 Target: WF,t/GDPt = 0.30
Ratio of risk premium to interest rate ξ 0.4000 Target: rt(1− ξ) = 0.03

a See Sections 4.4–4.6 of the text for detailed explanations. Targets are the values that the benchmark
economy is calibrated to.
b A unit of income or assets in the model economy corresponds to $59,646 in 2013 dollars.
c 40 percent of all households are assumed to be two-earner households, and 60 percent are assumed to be
one-earner households. The thresholds are multiplied by the average number of workers, 0.40x2+0.60x1 =
1.4, in a working-age household.
d 40 percent are assumed to be single taxpayers and 60 percent married couples filing jointly.
Notes: OLS = ordinary least squares; OASI = Old-Age and Survivors Insurance; DI = Disability Insurance;
HI = Hospital Insurance; PIA = primary insurance amount.
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Figure 3: The Schedule of Marginal Tax Rates on Households’ Labor Income
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payroll tax function to be

τP,t(wteh) = (τO,t + τD,t) min(η ·wteh, ϑmax)

+ τH,t η ·wteh+ τH2 max(η ·wteh− ϑH , 0),

where τO,t is the flat Old-Age and Survivors Insurance tax rate, τD,t is the flat Disability Insurance
tax rate, τH,t is a Hospital Insurance (Part A of Medicare) tax rate, and τH2 is an HI surtax rate for
households with high labor income (covered earnings greater than $200,000 for single taxpayers
and $250,000 for married couples filing jointly). The first three tax rates include the portion paid by
employers. When labor income is below the threshold of maximum taxable earnings, the statutory
OASI tax rate is 10.6 percent, including 5.3 percent paid by employers; thus, τO,t = 0.106. The
effective DI tax, HI tax, and HI surtax rates are set at τD,t = 0.018, τH,t = 0.029, and τH2 = 0.009,
respectively. The maximum taxable earnings per worker for the OASDI payroll tax were $113,700
in 2013 (Social Security Administration, 2014). Because the model is based on household units,
that single-worker figure must be translated to apply to households. We assume that 60 percent of
households are married households, of which two-thirds are two-earner households—meaning that
40 percent of all households are two-earner households. Thus, in the model economy, maximum
taxable earnings for the OASDI payroll tax, ϑmax, are the weighted average of the maximums for
two-earner households and one-earner households, or 0.4 × 2 × $113,700 + 0.6 × $113,700 =
$159,180 in 2013, or 2.6687 in model units. We also set the threshold for the HI surtax at 0.4 ×
$200,000 + 0.6× $250,000 = $230,000 in 2013, which corresponds to 3.8632 in model units.

The OASDI/HI benefit function is

trSS,t(i, b) = 1{i≥IR̃}ψO,t
1

(1 + µ)i−60
{

0.90 min(b, ϑ1) + 0.32 max [ min(b, ϑ2)− ϑ1, 0 ]

+ 0.15 max(b− ϑ2, 0)
}

+ 1{i<IR}ψD,t + 1{i≥IR}ψH,t,
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where the full retirement age, IR̃, is set at 66 in the stationary-population economy, ϑ1 and ϑ2 are
the thresholds for the three replacement-rate brackets (90 percent, 32 percent, and 15 percent) used
to calculate a household’s OASI benefit from its average historical earnings, ψO,t is an adjustment
factor that ensures that OASI expenditures equal OASI payroll tax revenues, ψD,t is a household’s
DI benefit, and ψH,t is a household’s HI benefit.53 In the current U.S. Social Security system,
the thresholds to calculate primary insurance amounts are set for each age cohort when a worker
reaches age 62. In the model economy, the growth-adjusted thresholds are fixed for all age cohorts,
and the PIA is adjusted later by using the long-term productivity growth rate and the number of
years after age 60. Thus, the model simply uses the thresholds for the age 62 cohort in 2011 after
scale adjustment.

We assume that the Social Security and Hospital Insurance systems are pay-as-you-go and
that their outlays equal their payroll tax revenues in the benchmark economy. The OASI benefit
parameter, ψO,t, is set at 1.3360 to ensure that OASI expenditures equal OASI payroll tax revenues,
which is roughly consistent with the data when benefits include survivors’ and spousal benefits. We
also assume, for simplicity, that DI benefits are received only by working-age households (ages 21
to 64) and that HI benefits are received only by elderly households (ages 65 to 100).54 The benefit
parameters, ψD,t and ψH,t, are set at 0.0199 and 0.1359, respectively, to ensure that benefits paid
by the DI and HI programs equal their respective payroll tax receipts in the benchmark economy.55

4.6 The Other Policy Variables
We assume that 44 percent of the federal government’s non-Social Security spending is gov-

ernment consumption and 56 percent is lump-sum transfers. That allocation is consistent with
the average shares in the NIPA data for the 2009–2013 period. Government consumption per
household, cG,t, and the lump-sum transfers per household, trLS,t, are set at 0.1185 and 0.1282,
respectively, in the benchmark economy.

The rate of the national consumption tax—which approximates excise and other taxes—is set
at τC,t = 0.025 so that consumption tax revenue is 1.4 percent of GDP in the benchmark economy.
Federal debt per household, dG,t, is set so that, as explained above, the debt-to-GDP ratio is equal to
0.74 in the benchmark economy. Also, net foreign wealth,WF,t, is set so that the ratio of that wealth
(which is equivalent to the negative of the U.S. investment position) to GDP is 0.30. Accidental
bequests per working-age household are calculated as 0.0955 (or about $5,700 per household per
year in 2013 dollars). Finally, the ratio of risk premium to interest rate, ξ, is assumed to be 0.4 so
that the average government bond yield is 3.0 percent in the benchmark economy.56

53Average indexed monthly earnings for people age 60 or older are indexed to changes in prices rather than to
changes in wages, and the thresholds for the three replacement-rate brackets are also price-indexed for each age
cohort. To simplify the computation in the growth economy, the model first assumes that all of the above variables are
wage-indexed, and then it converts Social Security benefits to be price-indexed by dividing the benefits by (1+µ)i−60.

54As Table 4 below shows, those assumptions cause the share of transfers going to elderly households to be 56.2
percent, which is close to the share in the data.

55The model does not incorporate risks of disability or ill health. Instead, DI benefits are uniformly distributed to
working-age households and HI benefits to elderly households. The model implicitly assumes that the government
transfers the actuarially fair insurance premium values of DI and HI to those households.

56That rate is similar to the 3.1 percent average rate on 10-year Treasury notes for the 1965–2007 and 1990–2007
periods, but it is somewhat higher than the long-term interest rate on government debt projected in CBO’s The 2015
Long-Term Budget Outlook (Congressional Budget Office, 2015). Incorporating a lower interest rate would have
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Table 4: The Government’s Budget in the Benchmark Economy (Percentage of GDP)

Revenue Total Expenditure
Working Age Elderly

Total
(ages 21–64) (ages 65+)

Individual and 10.2 Govt. transfers 5.4 7.0 12.4
corporate income tax (% of transfers) 43.8 56.2

Social Security payroll taxa 5.0 Social Security 0.7 4.3 5.0
OASI 4.3 OASI 0.0 4.3 4.3
DI 0.7 DI 0.7 0.0 0.7

Medicare (HI) payroll taxa 1.4 Medicare (HI) 0.0 1.4 1.4
Consumption tax 1.4 Other transfers 4.7 1.3 6.0

Govt. consumption 5.5
Interest payments 2.2

Total revenueb 18.1 Total expenditureb 20.1

a OASDI/HI payroll tax revenue was 5.6 percent of GDP in 2012 including reimbursement from the general
fund of the Treasury (because of a temporary statutory reduction in the tax rate, or payroll tax holiday). The
total revenue of the OASDI/HI programs was close to 6.4 percent of GDP in 2012 if interest income in the
programs’ trust funds is included.
b With a government-debt-to-GDP ratio of 0.74, a productivity growth rate of 1.8 percent, and a pop-
ulation growth rate of 1.0 percent, the total budget deficit that keeps the debt-to-GDP ratio constant is
0.74× (1.8 + 1.0) = 2.1 percent of GDP in the benchmark economy, which equals the difference between
total revenue and expenditure (after accounting for rounding).
Notes: GDP = gross domestic product; OASI = Old-Age and Survivors Insurance; DI = Disability
Insurance; and HI = Hospital Insurance.

Table 4 shows the government’s revenue and spending in the stationary-population benchmark
economy. The government’s revenue is roughly matched with the 2014 U.S. tax revenue projected
by the Congressional Budget Office (2014e). The government’s spending in the benchmark econ-
omy is adjusted so that the government’s budget is sustainable with the debt-to-GDP ratio of 74
percent.57

The share of government transfers going to elderly households is 56.2 percent in the model
economy, which is very close to the share, 55.2 percent, calculated from the data in Congressional
Budget Office (2013). Total government transfers are 12.4 percent of GDP in the model economy,
which is also very close to the size of mandatory government spending, 12.3 percent of GDP, in
Congressional Budget Office (2014e).

modest effects on our quantitative results and would leave the relative ranking of our stylized policies unchanged.
57In Congressional Budget Office (2014e), the debt-to-GDP ratio (measured at the end of each fiscal year) was

projected to fall to 72.3 percent by 2017 and then rise to 79.2 percent by 2024. In this paper, to show the effects
of fiscal policies more clearly, the benchmark economy is assumed to be stationary; that is, the debt-to-GDP ratio
(measured at the beginning of each calendar year) is kept at 74 percent by decreasing government consumption from
6.9 percent of GDP to 5.5 percent.
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4.7 The Measures of Transfers and Well-Being
The cost that policies impose on different generations can be measured in a number of ways.

We present two different measures. The first one calculates the annuity stream of net transfers
(transfers received minus taxes paid) that a household forgoes as a result of a policy change. The
second measure estimates how households’ changes in consumption and labor supply in response
to that forgone stream of net transfers affect their well-being.

4.7.1 Annuitized Net Transfers

One way of gauging a policy’s cost to different generations is by measuring the change in the
annuity stream of net transfers—the constant (nominal) dollar amount per year over the remaining
life of a household that is equivalent to the present discounted value of the change in net transfers
stemming from the policy. To calculate a measure of annuitized net transfers by cohort, we start
by calculating the average change in the net present value of rest-of-lifetime net transfers by age
cohort.

Let total growth-adjusted net transfers to age-i households in period t be N(i,S0; Ψ0) before
the policy change and N(i,St; Ψt) for t = 1, . . . ,∞ after the policy change. Then,

N(i,St; Ψt) =

∫
A×B×E

[
trSS,t(i, b) + trLS,t − τI,t(wteh(s,St; Ψt), r̄ta, trSS,t(i, b))

− τP,t(wteh(s,St; Ψt))− τC,tc(s,St; Ψt)
]
dXt(si).

The average change in the net present value of rest-of-lifetime net transfers by age cohort is
calculated as

λN21,t =
1

p21

I∑
j=21

(
(1 + µ)(1 + ν)

1 + rD,0

)j−21 [
N(j,St+j−21; Ψt+j−21)−N(j,S0; Ψ0)

]
,

λNi,1 =
1

pi

I∑
j=i

(
(1 + µ)(1 + ν)

1 + rD,0

)j−i [
N(j,S1+j−i; Ψ1+j−i)−N(j,S0; Ψ0)

]
,

for t = 1, . . . ,∞ and i = 22, . . . , I , where we use the average government bond yield in the bench-
mark economy, rD,0, as a discount rate to calculate the present discounted value of net transfers.58

The average change for future households, λN21,t for t = 2, . . . ,∞, is growth-adjusted with 1 + µ.
The annuitized value of changes in the rest-of-lifetime net transfers by age cohort is then cal-

culated as

λA21,t =

[
I∑

j=21

(1 + rD,0)
21−j

j−1∏
k=21

φk

]−1
λN21,t,

λAi,1 =

[
I∑
j=i

(1 + rD,0)
i−j

j−1∏
k=i

φk

]−1
λNi,1.

58Because N(i,St; Ψt) denotes total net transfers to age-i households in period t instead of net transfers per
household of age i, here we do not have to discount future net transfers further using survival rates.
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4.7.2 Consumption Equivalence

Measures of the impact of various policies on net transfers are informative, but they leave out
some important ways in which people are affected by policy changes. For example, an increase
in marginal tax rates may induce people to work less, which on the one hand lowers the labor
income they receive but on the other hand increases the amount of leisure they enjoy. The change
in net transfers does not account for those effects. Similarly, reductions in government transfers
can increase the risk of large declines in consumption, thereby making people, who are assumed
to be risk averse, worse off in a way not captured by the change in net transfers.

Using the assumptions of the model, it is possible to construct measures of well-being that
include those types of effects. Such measures should be interpreted with care; they are necessarily
more speculative than measures of net transfers because they depend directly on assumptions about
how differences in circumstances affect people’s welfare. Nonetheless, measures of well-being
can potentially provide important information about the ways in which policy changes may affect
different generations.

To examine the change in households’ well-being, CBO uses a consumption-equivalence (CE)
measure of welfare. CE measures the percentage by which a household’s consumption would have
to change each year (of the household’s remaining life, beginning in the year of the policy change)
under the benchmark policy in order to make a household just as well off as under the new policy.
CE therefore measures the burden or gain from a policy change on an annual basis. The measure
is calculated as follows:

Welfare gains or losses of households who enter the economy at age i = 21 and at the beginning
of t = 1, . . . ,∞ are calculated by uniform percentage changes, λ21,t, in the benchmark consump-
tion path that would make their expected lifetime utility equivalent to their expected utility after
the policy change—that is,

λ21,t =

[(
E[v(s21,St; Ψt)]

E[v(s21,S0; Ψ0)]

) 1
α(1−γ)

− 1

]
× 100,

where the expected lifetime utility of the age cohort of age i in year t is, in general, calculated as

E[v(si,St; Ψt)] =

∫
A×B×E

v(i, a, b, e,St; Ψt)dXt(si)×
1

pi
.

The calculation of λi,t depends on the period utility function. With the Cobb–Douglas and CRRA
utility function (equation (6) on page 9), when consumption proportionally increases by λi,t/100,
a household’s expected lifetime utility increases by (1 + λi,t/100)α(1−γ) − 1.

Similarly, the average welfare changes of households of age i = 22, . . . , I at the time of the
policy change (t = 1) are calculated by the uniform percentage changes, λi,1, required in the
benchmark consumption path so that the rest of their expected lifetime utility would be equal to
the rest of their expected lifetime utility after the policy change—that is,

λi,1 =

[(
E[v(si,S1; Ψ1)]

E[v(si,S0; Ψ0)]

) 1
α(1−γ)

− 1

]
× 100.

Note that λi,1 for i = I, . . . , 21 shows the average welfare changes per age cohort of all current
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households alive at the time of the policy change, and λ21,t for t = 2, . . . ,∞ shows the average
welfare changes per age cohort of age-21 households in the future.

4.8 Discount Rates
The discount rates used in those calculations have important effects on the magnitude of the

results. The discount rates we use to calculate the net present value and utility-based measures
differ, so a quantitative comparison of the levels might be misleading. The NPV measures use
a discount rate of 3 percent, which is the average cost of the government’s debt service in the
benchmark economy. The implicit discount rate used to calculate the CE measure depends on the
household’s state, but it averages more than 5 percent, because about 10 percent of households are
liquidity-constrained in the model economy, and their risk-adjusted discount rates become higher
than the market interest rate.

5 Effects of Illustrative Policy Changes
We assess how five stylized policy changes—each of which is introduced to close a fiscal

gap that Congressional Budget Office (2014a) estimates to be 1.8 percent of GDP over the next
75 years—would affect the overall economy and different age cohorts.59 The stylized policies,
which are introduced permanently and immediately (rather than being preannounced), consist of
two changes that decrease transfers and three changes that increase taxes equal to 1.8 percent of
GDP each year relative to the benchmark economy to ensure that the debt-to-GDP ratio remains
constant:60

• A uniform cut in lump-sum transfers,
• A proportional (uniform percentage) cut in OASDI/HI benefits,
• An increase in the HI payroll tax rate,
• A proportional (uniform percentage) increase in marginal income tax rates, and
• An increase in a flat consumption tax rate, which approximates excise and other taxes.

5.1 Benchmark Economy with Fiscal Gap
Because we cannot construct an economy in which an unsustainable fiscal policy lasts perma-

nently, we created a benchmark economy with a sustainable fiscal policy and a constant debt-to-
GDP ratio in the long run (see Sections 3 and 4). Here we introduce a fiscal gap by increasing
the government’s purchases by 1.8 percent of GDP and eliminate that gap through one of our five
stylized policy changes. Increasing the government’s purchases is an analytically convenient way

59As described earlier, that estimate of the fiscal gap means that, starting from CBO’s extended-baseline projection
(which generally follows current law), a combination of cuts in noninterest spending and increases in revenues that
totaled 1.8 percent of GDP in each year beginning in 2015 would result in a ratio of debt to GDP in 2089 equal to
today’s ratio, excluding the economic effects of the policy changes. We assume that the debt-to-GDP ratio in the
benchmark economy is 0.74, the actual 2014 ratio.

60Those policies roughly correspond to various options discussed in Congressional Budget Office (2014c).
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to introduce a fiscal gap because it does not alter current tax rates and scheduled transfers per
household, and thus it does not directly affect households’ behavior.61

We generate a fiscal gap in the benchmark economy by increasing productivity-adjusted gov-
ernment purchases per household, cG,t, by 1.8 percent of benchmark GDP:

cG,t = cG,0 + 0.018
YGDP,0∑100
i=21 pi

,

for t = 1, . . . ,∞, where pi represents the number of households at each age from 21 to 100, and
YGDP,0/

∑100
i=21 pi is GDP per household in the benchmark economy.

The steady-state benchmark economy differs in important ways from CBO’s extended baseline,
which incorporates the assumption that current laws and policies are generally extended beyond
the 10-year horizon of CBO’s baseline budget projection. That 10-year projection incorporates
rising marginal tax rates (due to bracket creep), rising federal spending on health and retirement
transfers, and rising primary (noninterest) deficits. The benchmark economy introduced in this
paper, by contrast, has constant tax rates and transfers. Nonetheless, it provides a consistent basis
to evaluate the policies required to close the fiscal gap as projected by CBO.62

Given that an unsustainable policy cannot be analyzed using a dynamic general-equilibrium
model, our approach means that we cannot measure the benefits to individual households’ well-
being and the macroeconomy that result from moving from an unsustainable policy (such as in an
economy with a fiscal gap unaddressed by policy changes, as under CBO’s extended baseline) to
a sustainable policy. We can only answer the question of which policy designed to close the fiscal
gap is the least costly for current and future generations—not whether, or for which generations, a
policy improves people’s welfare.63 The broad benefits of closing the fiscal gap are the same for
all policies, however, so our general-equilibrium approach allows us to shed light on the relative
effects that our five stylized policy changes would have on the benchmark economy and on the
welfare of households in different age cohorts.

Besides reflecting the assumption that the government’s fiscal policy is sustainable and achieves
a constant debt-to-GDP ratio in the long run, our benchmark economy also incorporates the as-
sumption that there is no uncertainty about future policy changes. If households were assumed
to be uncertain about future policy action and one of our stylized policy changes resolved that
uncertainty, households might respond differently—depending on their prior expectations—and
the effects on well-being might differ significantly from those we calculate here. For example,
if households had thought that the government might cut OASDI/HI benefits to close the fiscal
gap but instead the government raised income tax rates, retirees and workers close to retirement
would see a large increase in their welfare.64 Modeling policy uncertainty is difficult, however,

61In the model economy, government purchases are assumed not to affect an individual household’s behavior or
well-being. In the real economy, an increase in government purchases (such as spending on national security) is likely
to affect the behavior and well-being of households, but those effects are very difficult to evaluate. Thus, they are not
incorporated in this analysis.

62CBO’s extended baseline might be a preferable benchmark to use, but its implementation is currently not feasible
in a closed economy because of the quickly and constantly rising levels of debt.

63Thus, in this paper we do not answer the question of whether a generation would actually benefit from closing
the fiscal gap, nor do we analyze the benefits of keeping the debt-to-GDP ratio at current levels rather than allowing it
to increase further.

64How many working-age generations would see an increase in welfare would depend on households’ expectations
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for a number of reasons, including computational issues (modeling expectations about uncertain
future policies is akin to modeling aggregate shocks, which CBO’s OLG model, like most other
OLG models, has not incorporated) and conceptual issues (it is not clear what households actually
believe about future government policy and whether those beliefs are rational).65 Our benchmark
economy implicitly reflects the assumption that households expect that future government actions
to close the fiscal gap would not change their well-being.66

5.2 Overview of the Policies’ Effects on the Economy
Our five stylized policy changes affect the amount of net transfers received by people in dif-

ferent age cohorts and thus alter their incentives to work and save relative to the incentives in the
benchmark economy. As a result of those changes in incentives, economic outcomes are different
than those in the benchmark economy. In addition, the changes in net transfers and the resulting
impact on the economy affect the well-being of different cohorts, relative to their well-being under
the benchmark economy, in varying ways (as discussed below).

In general, if the government cut spending on transfers—either lump-sum transfers or OASDI/HI
benefits—households would choose to work and save more in order to compensate for the reduc-
tion in transfers. As a result, cuts to transfers tend to increase the total labor supply, capital stock,
and output of the economy. The effect on households’ saving would be larger if OASDI/HI benefits
were cut, because households would want to accumulate more wealth to insure against outliving
their assets during retirement.

If the government instead increased payroll or income tax rates, households would work and
save less, which would reduce the total labor supply, capital stock, and output of the economy.
The negative effect on households’ saving would be larger in the case of a proportional increase in
progressive income tax rates, because the income tax also applies to capital income. Any propor-
tional increase would increase top marginal rates the most, and those rates apply to high-income
households, the biggest savers in the economy.67

If the government increased a flat consumption tax rate, the economy’s total labor supply,
capital stock, and hence GDP would be unaffected. An unannounced increase in the consumption
tax rate would have no impact on the labor supply and saving of households, because it would
proportionally decrease the purchasing power of households’ current and future labor income (the
substitution effect) and of their wealth (the wealth effect). Under the assumptions of the model,
those two effects cancel each other out, so overall, households’ working and saving behaviors

about the timing of the anticipated and actual policy changes.
65The difficulty of modeling expectations was highlighted in Peter Diamond’s Presidential Address at the 2004

meeting of the American Economic Association. He expressed surprise that many young economists and economics
students “expect to get no benefits at all from Social Security” while “the estimate for the 75-year projection pe-
riod shows enough revenue to pay roughly two-thirds of scheduled benefits,” which is a “far cry from no benefits”
(Diamond, 2004, p. 1).

66Alternative assumptions about what policies households expect to close the fiscal gap in the benchmark economy
would generate different estimated effects on the economy and well-being from the policies examined here. It is easy
to calculate those effects on the basis of our results. For example, if the alternative assumption is that in the benchmark
the fiscal gap would be closed by raising consumption taxes, one would simply subtract the results of the consumption
tax increase from all columns in Panels A and B of Table 5 on page 35.

67Because top marginal tax rates are higher than lower rates, even the same absolute change in tax rates would
produce a larger percentage drop in the after-tax rate of return for high-income households.
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would be unaffected, although households would decrease their consumption.

5.3 Overview of the Policies’ Costs to Different Cohorts
Closing the fiscal gap by implementing any of the five stylized policies entails a cost to house-

holds relative to their situation under the benchmark economy. As explained in Section 4.7, we
calculate two measures of the effects of the stylized policies on different age cohorts. The first
measure is the net present value of changes in net transfers to each age cohort, expressed in terms
of an annuity stream—a fixed amount of money that a household would lose every year until the
end of its life. (See Section 4.7.1 for details of how that measure is computed.) The annuities mea-
sure shows the magnitude of the annual financial burden to households of implementing a policy
(with that burden measured beginning at the date of implementation).68

Our second measure of the relative impact of policies is the estimated change in a household’s
well-being because of the policy. CBO uses the consumption-equivalence measure of welfare,
which measures the constant change in consumption—in our case a decrease—that is necessary
under the benchmark policy to make a household just as well off as under the new policy. (See
Section 4.7.2 for details of how that measure is computed.) The CE measure therefore indicates
the cost that a policy change places on households in terms of lost consumption per year.

Using those measures, we find that—as expected—all five policies impose a cost on households
as measured by a reduction in net transfers and a reduction in well-being relative to the benchmark
economy (see Panels A and B of Table 5 and Figure 4). As noted above, the spending and tax
policies have opposing effects on the macroeconomy, with spending cuts tending to increase output
and tax increases tending to reduce output. However, those macroeconomic effects are an imperfect
predictor of which policy change would be best for households according to the welfare measure.
In fact, a majority of cohorts would fare better with an increase in income or payroll taxes than
with an increase in consumption taxes or a cut in transfers or OASDI/HI benefits, despite the fact
that output would be highest under a cut in OASDI/HI benefits and lowest under an increase in
income tax rates.

Similarly, the most preferable policies based on the annuitized-value measure of net transfers
and the CE measure of well-being are identical for only roughly 40 percent of cohorts. For the
other roughly 60 percent of cohorts, the option that reduces their well-being the least according
to the CE welfare measure is not the policy that minimizes the decrease in their annuitized value
measure.

The ranking of the policies based on their effect on well-being differs from rankings based on
their effect on output or on net transfers for two main reasons. First, households value leisure, and
increases in GDP or net transfers are partially the result of a decrease in leisure (increase in hours
worked). Second, households put a higher value on policies that allow them to maintain a relatively
smooth path of consumption. For that reason, policies that reduce the variability of disposable
income tend to be preferred over policies that leave that variability unchanged or increased. OASDI
benefits and lump-sum transfers both lessen the decline in consumption for those who outlive their

68Appendix B shows results for the estimated change in the net present value of net transfers not expressed in terms
of an annuity stream. The NPV measure and the annuitized-value measure provide answers to different questions. The
NPV measure of net transfers answers the question of how much do members of a cohort contribute to closing the
fiscal gap in terms of total net present value. That measure is generally larger for younger people than for older people
because they are affected by the policy change for more years.
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savings. Lump-sum transfers also reduce the relative decline in disposable income when earnings
drop. Thus, OASDI benefits and lump-sum transfers tend to reduce the variability of disposable
income over a lifetime, and cutting those benefits increases that variability while reducing the
amount of disposable income. By contrast, income and payroll tax liabilities are higher when
income is high, and lower when income is low. Therefore, increasing payroll or income tax rates
reduces both the amount of disposable income and its variability.

The following are our main results by cohort:

• Households that are headed by retirees (ages 65 and over) or older workers (ages 41 to 64)
when the policy change goes into effect experience the smallest reduction in net transfers
and welfare from the increase in payroll or income tax rates; they experience the largest
reduction in net transfers and welfare from the cuts to OASDI/HI benefits.

• Households headed by younger workers (ages 21 to 40) experience the smallest reduction in
net transfers from the cuts to OASDI/HI benefits or lump-sum transfers; they experience the
largest reduction in net transfers from the increase in income tax rates. In terms of welfare,
by contrast, those younger workers fare best under the increase in income tax rates.

• People under age 21 or not yet born when the policy is implemented experience the smallest
reduction in net transfers and welfare from the cuts to OASDI/HI benefits; they experience
the largest reduction in net transfers from the increase in income tax rates and the largest
reduction in welfare from the cuts to lump-sum transfers.

Those results reflect the fact that older cohorts will pay less in taxes in the future (so tax
increases have relatively small effects on their net transfers and welfare) and have less time to
adjust their saving to counteract any cuts to transfers or OASDI/HI benefits (so such cuts have
relatively large effects). The results also reflect the fact that although any positive effects from
closing the fiscal gap by cutting transfers or benefits would increase the capital stock, and hence
wages, that process takes time because the capital stock is large relative to the increases in saving
prompted by the policy change. In fact, that process takes so much time that many working-age
households would not substantially benefit from the positive effects of cuts to transfers or benefits
before they retired.

Our results are robust to changes in important parameter choices and modeling assumptions.
In Appendix A we show the results under four alternative conditions:

• Different choices for the Frisch elasticity of labor supply (0.25 and 1.0, compared with 0.5
in our benchmark economy),

• A small open economy in which interest rates are determined in global financial markets
(rather than the closed economy of our benchmark model),

• Households that are less averse to risk (a constant relative risk aversion of 2.0, compared
with 3.0 in the benchmark economy), and

• An economy in which policy changes are announced 15 years ahead of their implementation
(rather than taking effect immediately).

The results of that sensitivity analysis show that although the size of the policies’ effects on well-
being differ slightly, the ranking of the different policies does not change significantly.
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Table 5: Changes in Net Transfers and Welfare Under Various Policies in the Benchmark Economy

Panel A: Annuitized Value of the Change in Households’ Net Transfers (As a percentage of GDP per house-
hold)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -1.7 -5.9 -0.1 -0.5 -1.5
41-64 -2.1 -4.2 -1.6 -2.5 -2.6
21-40 -2.4 -2.4 -2.9 -3.4 -2.7
0-20 -2.5 -2.2 -2.9 -3.2 -2.6
Unborn -2.5 -2.2 -2.9 -3.1 -2.6

Panel B: Consumption-Equivalence Measure of Households’ Welfare (Percentage change in consumption
equivalence)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -5.3 -14.6 -0.1 -0.3 -3.1
41-64 -4.6 -6.9 -1.6 -1.4 -3.1
21-40 -4.7 -2.9 -3.0 -2.5 -3.1
0-20 -4.7 -1.6 -3.7 -3.5 -3.1
Unborn -4.7 -1.3 -4.1 -4.2 -3.1

Notes: Panel A shows the annuitized value of the change in net transfers that a household (with an average
size of 2.6 people) experiences relative to the benchmark economy—in which, by assumption, fiscal policy
is sustainable and the debt-to-GDP ratio is constant in the long run—expressed as a percentage of GDP per
household. In 2014, GDP per household was roughly $141,000.
Panel B shows how a household’s well-being would change relative to the benchmark economy—in which,
by assumption, fiscal policy is sustainable and the debt-to-GDP ratio is constant in the long run—measured
as a percentage decrease in the household’s lifetime consumption.
For households headed by someone age 21 or older, the policy changes are evaluated at the time of their
implementation. For people under age 21 or not yet born, the policy changes are evaluated at the time they
turn 21. The Unborn category represents generations that are born into an economy that has fully adjusted
to the policy changes (in other words, that has reached steady state).
The five stylized policy changes are described in Sections 5.4 and 5.5 of the text.
GDP = gross domestic product; OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.
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Figure 4: Changes in Net Transfers and Welfare Under Various Policies in the Benchmark Econ-
omy

Panel A: Annuitized Value of the Change in Households’ Net Transfers (As a percentage of GDP per house-
hold)
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Notes: Panel A shows the annuitized value of the change in net transfers that a household (with an average
size of 2.6 people) experiences relative to the benchmark economy expressed as a percentage of GDP per
household. In 2014, GDP per household was roughly $141,000.
Panel B shows how a household’s well-being would change relative to the benchmark economy measured
as a percentage decrease in the household’s lifetime consumption.
For households headed by someone age 21 or older, the policy changes are evaluated at the time of their
implementation. For people under age 21 or not yet born, the policy changes are evaluated at the time they
turn 21. The Unborn category represents generations that are born into an economy that has fully adjusted
to the policy changes (in other words, that has reached steady state).
The five stylized policy changes are described in Sections 5.4 and 5.5 of the text.
GDP = gross domestic product; OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.

36



5.4 Details of the Effects of Cutting Lump-Sum Transfers or OASDI/HI
Benefits

Our first policy experiments examine the cost of closing the fiscal gap through two policies that
reduce the government’s spending on lump-sum transfers to households or on Old-Age, Survivors,
Disability, and Hospital Insurance benefits (Social Security and Part A of Medicare). Under both
policies, the government decreases a particular type of spending to close the fiscal gap. Those
transfers are cut by 1.8 percent of benchmark GDP.69 In the first policy, the government cuts its
lump-sum transfer spending per household, trLS,t, uniformly. In the second policy, the government
instead cuts OASDI/HI benefits by proportionally reducing the three benefit parameters, for OASI
benefits (ψO,t), DI benefits (ψD,t), and HI benefits (ψH,t).

The two stylized spending cuts analyzed here differ primarily by whom they affect directly. The
uniform cuts in lump-sum transfers apply to all age cohorts equally, whereas the cuts in OASDI/HI
benefits mostly apply to retirees (and, to a far lesser extent, to younger households through cuts in
DI benefits). In order to eliminate the fiscal gap of 1.8 percent, lump-sum transfers (as specified in
the model) would have to be reduced by about 29 percent per household in the short term and by
about 27 percent in the long term, relative to 2013 benefits. OASDI/HI benefits would have to be
reduced by about 26 percent in the short term and by about 19 percent in the long run, relative to
the 2013 benefit schedule.70

5.4.1 Economic Effects

A decrease in lump-sum transfers or OASDI/HI benefits affects households in several ways:
It reduces their disposable income each year, and it thus reduces their lifetime wealth—current
wealth plus the present value of their future noninterest disposable income—and decreases the
amount of insurance that the government provides to households against falling to very low levels
of consumption. (OASDI/HI benefits, for example, insure retirees against having very low con-
sumption when they outlive their assets, and lump-sum transfers insure working-age households
against having very low income because of unemployment or disability.) In reaction to cuts in
transfer programs, households increase their labor supply and reduce their consumption in order
to increase their earnings and saving—both saving for retirement (life-cycle saving) and additional
saving to guard against future uncertainties (precautionary saving). The increase in saving and
labor supply increases the capital stock, GDP, and wages relative to the benchmark economy, and
also relative to the stylized policies that raise taxes (as explained below in Section 5.5).

Figure 5 shows some of the economic effects of these two policy experiments. Relative to
the benchmark economy, consumption drops by 2.7–4.4 percent immediately (in the first year of
the policy change) and is 1.4–1.9 percent lower in the long term (after the economy has reached
its new steady state). In the short term (the first 5 to 10 years), private consumption declines

69Technically, given the law of motion for government debt described by equation (24) on page 13, the growth-
adjusted debt per household is kept constant; that is, dG,t = dG,0 for all t ≥ 1.

70Because both of those cuts in transfers would increase GDP and tax revenue relative to benchmark levels, the
cuts required to close the same-sized fiscal gap would be smaller in the long term than in the short term, whether in
2013 growth-adjusted dollars or in percentage terms. The decrease in benefit cuts from the short to the long run is
much larger when OASDI/HI benefits are cut, because GDP increases more in response to OASDI/HI benefit cuts than
when lump-sum transfers are cut.
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Figure 5: Macroeconomic Effects of Closing a Fiscal Gap of 1.8 Percent Through Spending Cuts
(Changes from the benchmark economy)

12/16/2015

Fiscal gap generated by increasing government consumption per household by 1.8% of GDP. Page 1/6

Baseline debt/GDP stabilized immediately through a Cut in Government Consumption.
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Notes: The figures show how the changes in transfer policies described in Section 5.4 of the text would
affect the economy from the time the policy change occurred until 80 years later.
OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.

more in response to the cuts in OASDI/HI benefits than it does in response to the cuts in lump-
sum transfers. The reason is that when OASDI/HI benefits are reduced, not only do current retirees
decrease their consumption by almost as much as the decrease in OASDI/HI benefits, but working-
age households also lower their consumption (and increase their saving) to prepare for cuts to the
Social Security and Medicare benefits that they expect to receive in the future.

Those decreases in consumption, together with an immediate increase of about 1 percent in the
labor supply, lead to an increase in the private saving rate (the average percentage of its annual
income that a household saves). That rate initially rises by 0.3 percentage points under the cuts
in lump-sum transfers and by 1.3 percentage points under the cuts in OASDI/HI benefits, but that
impact declines to about 0.1 percentage point and 0.4 percentage points, respectively, in the long
term. In the short run, that increase in the saving rate leads to an increase in the stock of capital of
roughly 1 percent after 10 years under the cuts in lump-sum transfers and of about 4 percent under
the cuts in OASDI/HI benefits. In the long run, consumption by the elderly does not fall as sharply
as it does at first because in the long run, retirees are able to plan ahead for the lower benefits. The
private saving rate rises more when OASDI/HI benefits are cut than when lump-sum transfers are
cut because those particular benefits are close substitutes for households’ life-cycle savings. Since
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most retirees rely heavily on Social Security benefits, working-age households—especially those
nearing retirement—increase their saving rates in response to cuts to OASDI/HI benefits to offset
the associated losses in future retirement income. Cuts in lump-sum transfers, by contrast, are akin
to permanent cuts in disposable income. In response to cuts in lump-sum transfers, households
tend to reduce their consumption almost as much as the amount of the cuts. Moreover, households
also tend to increase their saving to protect themselves from negative shocks in the future.

Those increases in the private saving rate, together with the larger supply of labor, boost the
capital stock in the long term by 1.9 percent under the cuts in lump-sum transfers and by 7.0 percent
under the cuts in OASDI/HI benefits. (The rise in the capital stock is larger when OASDI/HI
benefits are cut because of the greater impact on saving.) In the long term, the increases in the
capital stock and the labor supply gradually raise GDP. Fifty years after the policy change, real
(inflation-adjusted) GDP is 1.3 percent larger under the cuts in lump-sum transfers, and 3.0 percent
larger under the cuts in OASDI/HI benefits, relative to the benchmark economy. To put those
increases in context, real GDP per capita grows by 144 percent over that 50-year period in the
model economy. In other words, given that real GDP per capita grows by 1.8 percent per year in
the benchmark economy, after 50 years the increase in GDP per capita resulting from cuts to lump-
sum transfers or OASDI/HI benefits is equivalent to between less than one year and about one and
a half years of GDP growth. Of course, these results only indicate that the choice of policy to close
the fiscal gap has a relatively small effect on the economy’s output in the long run. However, the
effect on the economy’s output of closing the fiscal gap versus continuing to increase the federal
debt is likely to be much bigger.

In the short term, the immediate increase in the labor supply reduces the ratio of capital to labor
slightly, thus lowering wages by about 0.4 percent and increasing the interest rate r by 10 basis
points (0.1 percentage point) in both policy experiments. In the medium and long term, however,
the capital-labor ratio increases as the capital stock gradually grows, boosting wages and reducing
the interest rate. Under the uniform cuts in lump-sum transfers, wages rise by 0.3 percent in the
long term, and the interest rate falls by 7 basis points. Under the proportional cuts in OASDI/HI
benefits, the increase in the capital stock is much larger and therefore so is the impact on wages
and the interest rate: Wages rise by 2.0 percent and the interest rate falls by 51 basis points in the
long term. Those changes in turn affect labor supply and saving in the long term.

5.4.2 Effects on the Annuitized Value of Households’ Net Transfers

The two stylized cuts in government transfers have differing effects on households when they
are measured by the change in the annuitized value of net transfers (transfers minus taxes) ex-
pressed as a fraction of GDP per household (which was roughly $141,000 in 2014). The annuitized
value shows the change in net transfers that households would face each year if the total change
in the net present value of net transfers was paid as a constant amount each year of a household’s
remaining life. The cuts in lump-sum transfers have a greater effect on that measure for those who
are currently young workers, children, or unborn than they do for current retirees; the opposite
is true for cuts in OASDI/HI benefits (see Panel A of Table 5 on page 35 and Figure 4 on page
36). When lump-sum transfers are cut uniformly for all households, young workers (ages 21–40)
lose, on average, 2.4 percent of initial GDP per household each year in net transfers, whereas re-
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tiree households lose, on average, 1.7 percent of initial GDP per household each year.71 When
OASDI/HI benefits are cut proportionally, young workers similarly lose, on average, 2.4 percent
of initial GDP per household each remaining year of their life, whereas retirees lose, on average,
5.9 percent of initial GDP per household each year.

As measured by the annuitized value, the cuts in OASDI/HI benefits—which, aside from DI
benefits, only apply to cohorts age 65 and older—impose a much larger annual burden on retiree
households than on any other cohort. By comparison, the annual burden imposed by the cuts in
lump-sum transfers is much more evenly distributed among cohorts.

5.4.3 Effects on the Consumption-Equivalence Measure of Households’ Welfare

Another way to calculate the annual burden that a policy change places on households is with
the consumption-equivalence measure of changes in welfare. Whereas the annuitized-value mea-
sure shows the annual dollar amount (expressed as a percentage of GDP per household) that a
household would lose in net transfers as a result of a policy change, the CE measure of welfare
shows the percentage by which a household’s consumption would have to change every year in the
baseline economy in order to achieve the same level of well-being as under the policy change. The
CE measure also accounts for changes in welfare from adjustments in hours of work and the value
of the insurance that those transfers provide.72 According to the CE welfare measure, retirees and
households approaching retirement age (ages 41-64) fare better under the cuts in lump-sum trans-
fers, but households under age 41 and future generations fare better under the cuts in OASDI/HI
benefits (see Panel B of Table 5 on page 35 and Figure 4 on page 36).

Which spending-cut policy is preferable for a given cohort is generally the same under ei-
ther measure, but the relative size of the policies’ effects on different cohorts varies substantially
depending on which measure is used. For example, retirees prefer lump-sum transfer cuts to
OASDI/HI benefit cuts under both measures. But how they fare relative to young workers (ages
21-40) is very different under the two measures. By the CE welfare measure, retirees lose almost
15 percent more than workers ages 21-40 do from those cuts to lump-sum transfers (5.3 percent of
their remaining lifetime consumption, versus 4.7 percent), whereas they lose about 30 percent less
than those young workers do according to the annuitized-value measure (1.7 percent of initial GDP
per household each year, versus 2.4 percent). Even though the monetary (annuitized-value) loss is
smaller for retirees than for young workers, their welfare loss is larger because most retirees rely
heavily on lump-sum transfers and OASDI/HI benefits, and they cannot increase their disposable
income in response to reductions in government transfer payments as easily as young working-age
households can.

The difference between the two measures is even more striking for the cuts in OASDI/HI
benefits. By the annuitized-value measure, retirees lose about 2.5 times as much as young workers
do (5.9 percent of initial GDP per household each year, compared with 2.4 percent). But by the

71The annuitized value of the change in the NPV of net transfers is calculated at the time of the policy change and
remains constant throughout a household’s life. In particular, the annuitized value does not grow with increases in
productivity, as lump-sum transfers per person do, for example. In other words, lump-sum transfers are the same for
every household in a given year, but they grow with productivity over time. For that reason, the annuitized value of
the changes in lump-sum transfers is larger for younger generations.

72The CE measure used here is a purely utilitarian measure and does not account for intergenerational altruism—
the fact that parents or grandparents might prefer policy changes that do not benefit them directly if the policy changes
increase the well-being of their children or grandchildren.
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CE measure, retirees lose 5 times as much as young workers do (14.6 percent of their remaining
lifetime consumption, compared with just 2.9 percent). As with the cuts to lump-sum transfers,
the fact that retirees experience a much bigger drop in welfare than in net transfers under the cuts
to OASDI/HI benefits (relative to young workers) reflects their relative inability to adjust their
income and saving. Young workers have plenty of time to work longer hours and to modify their
life-cycle consumption plan after the policy change, whereas retirees are much less able to increase
their financial resources and modify their consumption path.

5.5 Details of the Effects of Raising Payroll, Income, or Consumption Taxes
The next set of policy experiments involves examining the effects of closing the fiscal gap by

increasing federal revenues in one of three ways:

• In the first policy, the government raises the payroll tax rate for Medicare’s Hospital In-
surance program, τH,t. (Unlike Social Security payroll taxes, the HI tax does not have a
maximum level of taxable earnings above which it is no longer levied, so it represents a flat
tax on all labor income.)73

• In the second policy, the government raises all marginal income tax rates, ϕt, by an equal
percentage.

• In the third policy, the government instead increases the flat consumption tax rate, τC,t (that
tax is assumed to approximate federal taxes other than income and payroll taxes, such as
excise taxes and customs duties).

For each of those policy changes, the government raises a particular type of tax rate to close the
fiscal gap created by increased government purchases. The tax rates are raised such that growth-
adjusted debt per household (as defined in equation (24) above) is kept constant; that is, dG,t = dG,0
for all t ≥ 1.

Those three stylized tax increases apply to different tax bases, which determines whom they af-
fect directly. (Ultimately, the tax increases also affect households through their general-equilibrium
effects on wages and interest rates.) Changes in payroll tax rates affect nonretirees who earn labor
income. Changes in income tax rates largely fall on nonretirees too; but because income taxes also
apply to capital income, retirees with assets are directly affected as well. Changes in consumption
tax rates affect retirees and nonretirees alike.

In order to close a fiscal gap of 1.8 percent, the HI payroll tax rate of 2.9 percent would have
to rise by about 4 percentage points in the short term and 5.1 percentage points in the long term.
Marginal income tax rates would have to increase by about 20 percent in the short term—or be-
tween 2 percentage points (for a household in the 10 percent tax bracket) and 7.9 percentage points
(for a household in the 39.6 percent tax bracket). In the long term, the necessary increase in
marginal income tax rates would rise to 31 percent—or between 3.1 percentage points and 12.3
percentage points. The consumption tax rate of 2.5 percent would have to increase by 3.3 percent-
age points in both the short and long terms.74

73Revenues from OASDI taxes or a higher HI tax would be credited to the OASDI or Medicare Part A trust funds.
74The payroll and income tax rates would have to be higher in the long term because, as discussed below, those

policies would lead to decreases in the labor supply and wages, which in turn would reduce tax revenue.
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Figure 6: Macroeconomic Effects of Closing a Fiscal Gap of 1.8 Percent Through Tax Increases
(Changes from the benchmark economy)

12/11/2015

Fiscal gap generated by increasing government consumption per household by 1.8% of GDP. Page 4/6

Benchmark debt/GDP stabilized immediately through a Cut in Government Waste.

Closed economy.
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Note: The figures show how the changes in tax policies described in Section 5.5 of the text would affect the
economy from the time the policy change occurred until 80 years later.

5.5.1 Economic Effects

These stylized tax policy changes affect households in several ways. The increase in the pay-
roll tax rate lowers the after-tax wage that workers receive, which can reduce their incentives to
work (the substitution effect). At the same time, the tax increase lowers workers’ income, which
can increase their incentives to work (the income effect). The first effect predominates in these
estimates, causing the total labor supply to decline by 0.7 percent initially and by 1.0 percent in the
long term (see Figure 6). Because of the decrease in labor supply and the increase in tax liabilities,
households’ disposable income drops by 3.4 percent initially and by 4.9 percent in the long term.
Faced with less disposable income, households reduce both their saving and consumption. The
aggregate saving rate declines by 0.7 percentage points initially and by 0.3 percentage points in the
long term. Total consumption drops by 2.5 percent initially and by 4.9 percent in the long term. As
a result of the decrease in labor supply and the saving rate, the capital stock shrinks by 2.5 percent
in the short term (the first 10 years) and by 5.7 percent in the long term. With the supply of labor
and capital decreasing, GDP declines by 1.4 percent in the short term and by 2.7 percent in the
long term. The economic effects are larger in the long term than the short term because the capital
stock adjusts to the policy changes slowly (by contrast, the labor supply adjusts instantaneously in
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the model).
The proportional increase in income tax rates has macroeconomic effects that are similar to

those of the increase in the payroll tax rate—except that the former are almost twice as large,
despite the fact that the average increase in income taxes in our policy experiments is smaller
than the average increase in the payroll tax (because income taxes apply to a broader tax base).
One reason the income tax increase has much larger effects is that it applies to capital income
as well as to labor income. Because the income tax lowers the return on capital, an increase in
that tax reduces households’ incentives to save, which in turn reduces the capital stock in the
long run. Another reason the income tax increase has much larger effects is that it raises the tax
rates on the labor income of higher-income earners by more than the payroll tax increase does.
Because of the progressivity of the income tax system, high-income earners pay a higher tax rate
on each additional dollar earned than low-income earners do. A proportional increase in income
tax rates thus raises tax rates for high-income earners by more than rates for low-income earners.
Additionally, because increasing tax rates lowers output, those rates have to increase over time in
order to close the fiscal gap, as described above. As a result, in our projections tax rates on labor
income rise more under the income tax increase than under the payroll tax increase for households
with marginal income tax rates of 25 percent and above in the short run and for households with
marginal tax rates of 20 percent and above in the long run.75

For those reasons, with the proportional increase in income tax rates analyzed here, aggregate
labor supply declines by 1.1 percent immediately and by 1.8 percent in the long term. Disposable
income falls by 3.7 percent immediately and by 6.8 percent in the long term, and the aggregate
saving rate decreases by 1.3 percentage points immediately and by 0.7 percentage points in the
long term. Total consumption drops by 1.9 percent immediately and by 6.5 percent in the long
term. As a result of the larger decreases in the labor supply and the saving rate, the capital stock
and output also decline more than they do under the payroll tax policy: The capital stock drops by
4.3 percent in the short term and 11.0 percent in the long term, and GDP decreases by 2.4 percent
in the short term and 5.1 percent in the long term.

The increase in the consumption tax rate reduces disposable income by 2.8 percent and con-
sumption by 3.1 percent in both the short and long terms, but it does not affect the labor supply, the
capital stock, or GDP.76 When the national consumption tax rate is increased immediately and per-
manently by 3.3 percentage points, the purchasing power of households’ current and future labor
income and wealth is lowered equally by 3.1 percent, and thus the trade-off between consumption
today and consumption tomorrow remains unchanged.77 As a result, households’ labor supply and

75In the short run, the income tax rate for households at or above the 25 percent tax bracket would increase by
between 5.0 percentage points and 7.9 percentage points (compared with 4 percentage points under the payroll tax
increase). In the long run, the income tax rate for households at or above the 20 percent tax bracket would increase by
between 6.2 percentage points and 12.3 percentage points (compared with 5.1 percentage points under the payroll tax
increase).

76Because disposable income equals consumption plus saving, when consumption is reduced as a result of an
increase in the consumption tax, the percentage change in disposable income is smaller than the percentage change in
consumption.

77Suppose, for example, the consumption tax rate is increased from zero to 3 percent immediately and permanently.
In that case, a household’s purchasing power of wealth as well as all of its future income would decrease proportionally
by about 3 percent, because 1/(1+0.03)−1 ≈ 0.03. Since that change is permanent and proportional under the Cobb-
Douglas utility function with unit elasticity of intratemporal substitution, it is optimal for the household to reduce its
real consumption permanently by about 3 percent without changing nominal consumption, labor supply, and saving.
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saving decisions also remain unchanged, but (real) consumption today and in the future drops by
3.1 percent.78

Fifty years after the policy change, GDP is 2.6 percent smaller under the payroll tax increase,
5.0 percent smaller under the income tax increase, and unchanged under the consumption tax
increase, relative to the benchmark economy.79 To put those declines into context, real GDP per
capita grows by 144 percent over that 50-year period in the model economy. In other words, given
that GDP per capita grows by 1.8 percent per year in the benchmark economy, after 50 years the
decrease in GDP per capita resulting from increases in payroll or income taxes is equivalent to a
loss of between about one and a half years and less than three years of GDP growth. Again, these
results only indicate that the choice of policy to close the fiscal gap has a relatively small effect on
the economy’s output in the long run. However, the effect on the economy’s output of closing the
fiscal gap versus continuing to increase the federal debt is likely to be positive and much bigger.

5.5.2 Effects on the Annuitized Value of Households’ Net Transfers

The three stylized tax increases have differing effects on households, as measured by the change
in the annuitized value of net transfers (transfers minus taxes), expressed as a percentage of GDP
per household (which was roughly $141,000 in 2014). Like the spending cuts discussed above,
the three tax increases reduce the annuitized value of households’ net transfers. The reason is that
under those policies, households pay higher taxes and receive fewer transfers (as a result of lower
labor supply and wages) than they do in the benchmark economy (in which, by assumption, fiscal
tightening occurs through changes that do not affect households).80

The tax increases generally have a greater impact on younger households than on older ones.
For example, retirees (ages 65 and older) would lose, on average, 0.1 percent of initial GDP per
household each year under the payroll tax increase, 0.5 percent under the income tax increase, and
1.5 percent under the consumption tax increase (see Panel A of Table 5 on page 35 and Figure 4
on page 36). By comparison, young workers (ages 21–40) would lose, on average, 2.9 percent of
initial GDP per household each year under the payroll tax increase, 3.4 percent under the income
tax increase, and 2.7 percent under the consumption tax increase.

Raising the payroll tax rate has a smaller effect on the annuitized value of net transfers than
raising income tax rates does, for several reasons. First, GDP drops more under the income tax
policy than under the payroll tax policy, so the government has to raise more revenue from the
income tax increase than from the payroll tax increase to keep the ratio of debt to benchmark GDP
constant. Second, retirees and households nearing retirement tend to have relatively large capital
income, which is subject to the income tax but not the payroll tax.

78If the tax increase was announced ahead of time rather than implemented immediately, the value of households’
future labor income and wealth would depreciate by the amount of the consumption tax increase. In response, house-
holds would boost their labor supply and saving prior to the tax increase, which would increase saving, the capital
stock, and output in the short run.

79The economy is unaffected by an increase in the consumption tax because of our specification of household
preferences. That specification implies that the wealth and substitution effects cancel each other out. More technically,
the household’s Euler equation is uc(ct, ht) = β(1 + τc,t)/(1 + τc,t+1)E[(1 + rt+1)uc(ct+1, ht+1)], where uc(·, ·) is
the marginal utility of consumption, ct and ct+1 are current-period and next-period consumption, and τc,t and τc,t+1

are current and future tax rates on consumption. If the change in the consumption tax rate is immediate and permanent,
then τc,t = τc,t+1, and the Euler equation will not change. Thus, the household’s saving will not change unless its
labor supply changes for other reasons.

80Lower labor supply and wages decrease the size of the OASI benefits a worker receives, on average, in retirement.
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The annuitized-value measure indicates that the three tax increases impose a much smaller
annual burden on retiree households than on any other cohort. That measure also indicates that
the annual burden imposed on cohorts that have not yet retired (including the unborn) tends to be
larger when taxes are increased than when lump-sum transfers or OASDI/HI benefits are cut.

5.5.3 Effects on the Consumption-Equivalence Measure of Households’ Welfare

For the payroll and income tax policies, the percentage changes in the CE measure of welfare
(the percentage by which a household’s annual consumption would have to change in the baseline
economy to achieve the same level of well-being as under the policy change) are similar to the
changes in the annuitized-value measure, except that very young people and those not yet born
generally experience greater losses relative to older households under the CE measure than under
the annuitized-value measure (see Panel B of Table 5 on page 35 and Figure 4 on page 36). For
example, by the annuitized-value measure, an increase in payroll taxes causes very young people
(ages 0-20) and future generations to lose about 29 times as much as retirees (2.9 percent of GDP
per household each year, compared with 0.1 percent). But by the CE welfare measure, the payroll
tax increase causes very young people and future generations to lose roughly 39 times as much
as retirees (3.7 percent to 4.1 percent of their remaining lifetime consumption, compared with 0.1
percent).

The differences between the two measures are more similar for the income tax increase. That
policy causes very young people and future generations to lose 6 times as much as retirees by the
annuitized-value measure (between 3.1 percent and 3.2 percent of initial GDP per household each
year, versus 0.5 percent) and 12 to 14 times as much as retirees by the CE welfare measure (3.5
percent to 4.2 percent of their remaining lifetime consumption, versus 0.3 percent).

In the case of an increase in consumption taxes, very young people and future generations lose
only about 1.7 times as much as retirees by the annuitized-value measure (2.6 percent of initial
GDP per household each year, compared with 1.5 percent). By the CE welfare measure, all cohorts
lose the same amount (3.1 percent of their remaining lifetime consumption). The reason that the
results are so different for the consumption tax policy is that consumption follows a hump-shaped
pattern over people’s lifetime (smaller near the beginning and end of life and much greater in the
middle). The annuitized-value measure is lower for retirees than for younger households because
retirees have less consumption remaining, so they pay less in the form of consumption taxes. The
CE measure, however, measures a loss of welfare relative to each household’s remaining lifetime
consumption, which means that a proportional tax on consumption decreases every household’s
(and thus every generation’s) welfare equally.

6 Conclusion
Although it is not possible to measure all the gains from moving from an unsustainable to a

sustainable policy (because an unsustainable policy, by definition, cannot be maintained indefi-
nitely), we are able to rank different policies designed to close the fiscal gap of 1.8 percent of
GDP based on the costs those policy changes impose on different cohorts (measured by the change
in the net present value of future net transfers and the change in remaining lifetime consumption
that each generation would experience under our five stylized policies). We find that the policies
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with the largest positive impact on economic output—cuts to lump-sum transfers or to OASDI/HI
benefits—are not the most preferable polices for the majority of households currently alive, as
measured by the annuitized value of the change in net transfers or the consumption-equivalence
measure of welfare. Instead, based on those two measures, the majority of households currently
alive would experience smaller losses if the fiscal gap was closed through increases in payroll or
income taxes. Currently young and future households would experience the smallest losses from
cuts to OASDI/HI benefits. Those results hold true under a wide range of values for important
parameters of the analysis and key modeling assumptions.
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Appendixes

A Sensitivity Analysis
This appendix provides results for our measures of the cost of closing the fiscal gap using

alternative parameter values and modeling assumptions. The effects of changing those values and
assumptions can be seen by comparing the tables in this appendix with Panels A and B of Table 5
on page 35. We analyzed five alternative conditions:

1. A Frisch elasticity of labor supply equal to 0.25 instead of 0.5: With a lower Frisch elas-
ticity, tax increases have a smaller negative impact—and cuts in transfers or benefits have a
smaller positive impact—on the labor supply, the capital stock, and output. See Table 6.

2. A Frisch elasticity of labor supply equal to 1.0 instead of 0.5: With a higher Frisch elas-
ticity, tax increases have a greater negative impact—and cuts in transfers or benefits have a
greater positive impact—on the labor supply, the capital stock, and output. See Table 7.

3. Risk aversion of 2.0 instead of 3.0: When households are less averse to risk than assumed
for the benchmark economy, the labor supply, the capital stock, and output change less in
response to policy changes. See Table 8.

4. A small open economy instead of a closed economy: In a small open economy, interest
rates are determined by the world economy and thus do not change in response to domestic
policy changes. As a result, the labor supply, the capital stock, and output change less than
in the benchmark economy. See Table 9.

5. Policy changes that take effect 15 years after they are announced instead of immedi-
ately: When the policy changes are announced ahead of time, households will adjust their
behavior in the opposite direction of what they will do after the policy changes (for exam-
ple, in response to a preannounced increase in tax rates, households will increase their labor
supply until the policy change takes effect and decrease it thereafter). Under this assumption,
the labor supply, the capital stock, and output change more in the long run than they do in the
benchmark economy. The reason is that government debt accumulates for an additional 15
years, so the policy change needed to stabilize debt has to be larger. See Table 10.

For the first four of those alternatives, the estimated costs to households in different cohorts
of the various policy changes are quite similar to those reported earlier. The estimated costs to
households when policy changes are assumed to be implemented 15 years into the future differ
more.
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A.1 Frisch Elasticity of Labor Supply of 0.25

Table 6: Changes in Net Transfers and Welfare Under Various Policies With a Lower Frisch Elas-
ticity of Labor Supply

Panel A: Annuitized Value of the Change in Households’ Net Transfers (As a percentage of GDP per house-
hold)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -1.8 -6.2 -0.2 -0.7 -1.7
41-64 -2.2 -4.3 -2.5 -2.7 -2.1
21-40 -2.5 -2.5 -1.8 -1.2 -1.4
0-20 -2.6 -2.2 -0.7 -0.1 -1.0
Unborn -2.6 -2.2 -0.7 -0.1 -1.0

Panel B: Consumption-Equivalence Measure of Households’ Welfare (Percentage change in consumption
equivalence)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -5.5 -14.7 -0.1 -0.3 -3.1
41-64 -4.8 -6.9 -1.6 -1.3 -3.1
21-40 -4.9 -2.9 -2.9 -2.3 -3.1
0-20 -4.9 -1.4 -3.6 -3.2 -3.1
Unborn -4.8 -1.1 -4.0 -3.9 -3.1

Notes: Panel A shows the annuitized value of the change in net transfers that a household (with an average
size of 2.6 people) experiences relative to the benchmark economy—in which, by assumption, fiscal policy
is sustainable and the debt-to-GDP ratio is constant in the long run—expressed as a percentage of GDP per
household. In 2014, GDP per household was roughly $141,000.
Panel B shows how a household’s well-being would change relative to the benchmark economy—in which,
by assumption, fiscal policy is sustainable and the debt-to-GDP ratio is constant in the long run—measured
as a percentage decrease in the household’s lifetime consumption.
For households headed by someone age 21 or older, the policy changes are evaluated at the time of their
implementation. For people under age 21 or not yet born, the policy changes are evaluated at the time they
turn 21. The Unborn category represents generations that are born into an economy that has fully adjusted
to the policy changes (in other words, that has reached steady state).
The five stylized policy changes are described in Sections 5.4 and 5.5 of the text.
GDP = gross domestic product; OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.
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A.2 Frisch Elasticity of Labor Supply of 1.0

Table 7: Changes in Net Transfers and Welfare Under Various Policies With a Higher Frisch
Elasticity of Labor Supply

Panel A: Annuitized Value of the Change in Households’ Net Transfers (As a percentage of GDP per house-
hold)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -1.6 -5.6 0.0 -0.4 -1.4
41-64 -2.0 -4.2 -1.3 -2.2 -2.4
21-40 -2.3 -2.4 -2.7 -3.3 -2.6
0-20 -2.4 -2.1 -2.8 -3.1 -2.5
Unborn -2.5 -2.2 -2.8 -3.1 -2.5

Panel B: Consumption-Equivalence Measure of Households’ Welfare (Percentage change in consumption
equivalence)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -5.0 -14.6 -0.1 -0.3 -3.1
41-64 -4.2 -6.9 -1.6 -1.5 -3.1
21-40 -4.4 -3.0 -3.1 -2.9 -3.1
0-20 -4.4 -1.8 -3.8 -4.0 -3.1
Unborn -4.4 -1.6 -4.1 -4.7 -3.1

Notes: Panel A shows the annuitized value of the change in net transfers that a household (with an average
size of 2.6 people) experiences relative to the benchmark economy—in which, by assumption, fiscal policy
is sustainable and the debt-to-GDP ratio is constant in the long run—expressed as a percentage of GDP per
household. In 2014, GDP per household was roughly $141,000.
Panel B shows how a household’s well-being would change relative to the benchmark economy—in which,
by assumption, fiscal policy is sustainable and the debt-to-GDP ratio is constant in the long run—measured
as a percentage decrease in the household’s lifetime consumption.
For households headed by someone age 21 or older, the policy changes are evaluated at the time of their
implementation. For people under age 21 or not yet born, the policy changes are evaluated at the time they
turn 21. The Unborn category represents generations that are born into an economy that has fully adjusted
to the policy changes (in other words, that has reached steady state).
The five stylized policy changes are described in Sections 5.4 and 5.5 of the text.
GDP = gross domestic product; OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.
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A.3 Risk Aversion of 2.0

Table 8: Changes in Net Transfers and Welfare Under Various Policies With a Lower Risk Aversion

Panel A: Annuitized Value of the Change in Households’ Net Transfers (As a percentage of GDP per house-
hold)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -1.6 -5.8 0.0 -0.3 -1.4
41-64 -2.0 -4.4 -1.3 -2.2 -2.5
21-40 -2.3 -2.5 -2.7 -3.3 -2.6
0-20 -2.5 -2.2 -2.8 -3.1 -2.5
Unborn -2.5 -2.2 -2.8 -3.0 -2.5

Panel B: Consumption-Equivalence Measure of Households’ Welfare (Percentage change in consumption
equivalence)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -4.6 -14.8 -0.1 -0.4 -3.1
41-64 -3.8 -7.0 -1.6 -1.7 -3.1
21-40 -4.0 -3.3 -3.1 -3.1 -3.1
0-20 -4.1 -2.2 -3.6 -4.0 -3.1
Unborn -4.1 -2.1 -3.8 -4.5 -3.1

Notes: Panel A shows the annuitized value of the change in net transfers that a household (with an average
size of 2.6 people) experiences relative to the benchmark economy—in which, by assumption, fiscal policy
is sustainable and the debt-to-GDP ratio is constant in the long run—expressed as a percentage of GDP per
household. In 2014, GDP per household was roughly $141,000.
Panel B shows how a household’s well-being would change relative to the benchmark economy—in which,
by assumption, fiscal policy is sustainable and the debt-to-GDP ratio is constant in the long run—measured
as a percentage decrease in the household’s lifetime consumption.
For households headed by someone age 21 or older, the policy changes are evaluated at the time of their
implementation. For people under age 21 or not yet born, the policy changes are evaluated at the time they
turn 21. The Unborn category represents generations that are born into an economy that has fully adjusted
to the policy changes (in other words, that has reached steady state).
The five stylized policy changes are described in Sections 5.4 and 5.5 of the text.
GDP = gross domestic product; OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.
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A.4 Small Open Economy

Table 9: Changes in Net Transfers and Welfare Under Various Policies With a Small Open Econ-
omy

Panel A: Annuitized Value of the Change in Households’ Net Transfers (As a percentage of GDP per house-
hold)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -1.6 -5.6 0.0 -0.4 -1.6
41-64 -2.0 -4.7 -1.1 -2.0 -2.6
21-40 -2.3 -2.8 -2.4 -2.6 -2.6
0-20 -2.4 -2.4 -2.5 -2.4 -2.4
Unborn -2.5 -2.4 -2.6 -2.5 -2.4

Panel B: Consumption-Equivalence Measure of Households’ Welfare (Percentage change in consumption
equivalence)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -3.9 -11.8 -0.1 -0.6 -3.0
41-64 -3.2 -6.2 -1.5 -2.1 -3.0
21-40 -3.4 -3.3 -2.9 -3.2 -3.0
0-20 -3.6 -2.4 -3.4 -3.8 -3.0
Unborn -3.6 -2.0 -3.8 -4.7 -3.0

Notes: Panel A shows the annuitized value of the change in net transfers that a household (with an average
size of 2.6 people) experiences relative to the benchmark economy—in which, by assumption, fiscal policy
is sustainable and the debt-to-GDP ratio is constant in the long run—expressed as a percentage of GDP per
household. In 2014, GDP per household was roughly $141,000.
Panel B shows how a household’s well-being would change relative to the benchmark economy—in which,
by assumption, fiscal policy is sustainable and the debt-to-GDP ratio is constant in the long run—measured
as a percentage decrease in the household’s lifetime consumption.
For households headed by someone age 21 or older, the policy changes are evaluated at the time of their
implementation. For people under age 21 or not yet born, the policy changes are evaluated at the time they
turn 21. The Unborn category represents generations that are born into an economy that has fully adjusted
to the policy changes (in other words, that has reached steady state).
The five stylized policy changes are described in Sections 5.4 and 5.5 of the text.
GDP = gross domestic product; OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.
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A.5 Policy Changes Announced 15 Years Ahead

Table 10: Changes in Net Transfers and Welfare Under Various Policies With the Policies Prean-
nounced by 15 Years

Panel A: Annuitized Value of the Change in Households’ Net Transfers (As a percentage of GDP per house-
hold)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -0.1 -0.4 0.0 0.0 -0.1
41-64 -1.2 -3.4 -0.2 -0.9 -1.4
21-40 -2.0 -2.8 -2.0 -3.1 -2.5
0-20 -2.9 -2.6 -3.7 -4.5 -3.2
Unborn -3.3 -2.6 -4.2 -5.1 -3.4

Panel B: Consumption-Equivalence Measure of Households’ Welfare (Percentage change in consumption
equivalence)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -1.6 -3.7 -0.1 -0.1 -0.9
41-64 -3.0 -6.4 -0.4 -0.5 -2.0
21-40 -3.1 -2.9 -1.6 -1.5 -2.3
0-20 -4.7 -1.4 -3.7 -3.5 -3.3
Unborn -6.0 -1.5 -6.0 -7.1 -4.1

Notes: Panel A shows the annuitized value of the change in net transfers that a household (with an average
size of 2.6 people) experiences relative to the benchmark economy—in which, by assumption, fiscal policy
is sustainable and the debt-to-GDP ratio is constant in the long run—expressed as a percentage of GDP per
household. In 2014, GDP per household was roughly $141,000.
Panel B shows how a household’s well-being would change relative to the benchmark economy—in which,
by assumption, fiscal policy is sustainable and the debt-to-GDP ratio is constant in the long run—measured
as a percentage decrease in the household’s lifetime consumption.
For households headed by someone age 21 or older, the policy changes are evaluated at the time of their
implementation. For people under age 21 or not yet born, the policy changes are evaluated at the time they
turn 21. The Unborn category represents generations that are born into an economy that has fully adjusted
to the policy changes (in other words, that has reached steady state).
The five stylized policy changes are described in Sections 5.4 and 5.5 of the text.
GDP = gross domestic product; OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.
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B Change in the Net Present Value of Net Transfers in the
Benchmark Calibration

In Panel A of Table 5 on page 35, we show the costs to different households of policies that
close the fiscal gap, as measured by the change in the net present value (NPV) of net transfers
to each age cohort, expressed in terms of an annuity stream (a fixed amount of money that a
household would lose every year until the end of its life). That measure illustrates the size of
the annual financial burden to households of implementing a policy (with that burden measured
beginning at the date of implementation).

Table 11 shows the estimated change in the NPV of net transfers, but not expressed in terms of
an annuity stream, which illustrates how much members of a cohort contribute to closing the fiscal
gap in terms of total net present value. This measure is generally larger for younger people than
for older people because they are affected by a policy change for a greater number of years.

Table 11: Net Present Value of the Change in Households’ Net Transfers Under Various Policies
(As a percentage of GDP per household)

Age of Head Benefit Cuts Tax Increases

of Household Transfers OASDI/HI Payroll Income Consumption

65 and Older -12.2 -43.5 -0.7 -4.7 -12.5
41-64 -47.0 -74.8 -30.4 -47.0 -39.0
21-40 -66.1 -60.2 -71.0 -83.8 -59.7
0-20 -68.9 -57.7 -78.6 -85.3 -67.8
Unborn -68.9 -58.7 -78.5 -84.2 -68.2

Notes: The table shows the net present value of the change in net transfers that a household (with an
average size of 2.6 people) experiences relative to the benchmark economy—in which, by assumption,
fiscal policy is sustainable and the debt-to-GDP ratio is constant in the long run—expressed as a fraction of
GDP per household. In 2014, GDP per household was roughly $141,000.
For households headed by someone age 21 or older, the policy changes are evaluated upon implementation.
For people under age 21 or not yet born, the policy changes are evaluated at the time they turn 21. The
Unborn category represents generations that are born into an economy that has fully adjusted to the policy
changes (in other words, that has reached steady state).
The five stylized policy changes are described in Sections 5.4 and 5.5 of the text.
GDP = gross domestic product; OASDI/HI = Old-Age, Survivors, Disability, and Hospital Insurance.
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