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Abstract

In life-cycle economies, where an individual’s optimal consumption-work
plan is almost never constant, the optimal marginal tax rates on capital and
labor income vary with age. Conversely, the U.S. tax code implies marginal
tax rates that vary with age because tax rates vary with earnings and earnings
vary with age. A comparison of the optimal tax rates derived from the life-cycle
model to those faced by an average individual in the U.S. economy indicates
that whereas the age-profile of the labor income tax implied by the U.S. tax
code is close to the optimal profile, the same cannot be said about the age-
profile of the capital income tax. Nevertheless, if the tax authority is prevented
from conditioning tax rates on age, a small degree of progressivity is desirable
as progressive taxation better imitates optimal age-dependent taxes than an
optimal age-independent tax system.
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1 Introduction

Since the seminal work of Mirrlees (1971), the trade off between equity and efficiency
of progressive tax systems has received considerable attention—see Boadway (2000)
for a review. On the one hand, progressive taxation is thought to give rise to more
equitable allocations, but it does so at the cost of distorting the labor supply decision.
Other authors have cast the trade off in terms of the implicit insurance provided by
progressive taxation relative to its distortionary impact on labor/leisure and savings
decisions—see Conesa and Krueger (2002). In this paper, I argue that progressive
taxation may have a role purely on efficiency grounds, without relying on any re-
distribution arguments: A certain degree of progressivity in the tax system implies
tax rates that are closer to optimal age-dependent tax rates. Thus, in a world in
which the fiscal authority cannot condition tax rates on age, as is the case in the

U.S., the optimal tax code involves progressive taxation.

The literature concerned with optimal dynamic fiscal policy has focused mainly
on variants of the standard neoclassical growth model populated by infinitely-lived
individuals.! In this context, Chamley (1986), Judd (1985), and others establish that
an optimal income-tax policy entails taxing capital at confiscatory rates in the short-
run and setting capital income taxes equal to zero in the long-run. Only labor income,
if anything, should be taxed in the long run. The prescriptions from this literature
are in sharp contrast with the observed tax codes of most countries. In the U.S.
for instance, capital is taxed at non-trivial rates and the tax system is progressive.
This paper investigates whether these observed features of actual tax codes can be

rationalized by looking at dynamic fiscal policies in a life-cycle economy.?

In life-cycle economies both capital and labor income taxes are generally used by
an optimizing government, even in the long run. When the government has access to

a full set of proportional, age-conditioned, tax rates on capital and labor income, the

!Exceptions include Atkinson and Sandmo (1980), Escolano (1991), Ambler (2000) and Erosa
and Gervais (2002).

2Chari and Kehoe (1999) review the literature on optimal taxation. Atkeson, Chari and Ke-
hoe (1999) provide an introduction to the literature concerned with optimal taxation in infinitely-
lived agent models, while Erosa and Gervais (2001) discuss both the infinitely-lived agent model and
the life-cycle model.



optimal tax rates vary over the lifetime of individuals, that is, the optimal (marginal)
tax rates are age-dependent. Under a Cobb-Douglas utility function, the shape of the
optimal tax profiles on capital and labor income is determined by the labor supply
profile chosen by individuals.® For instance, when individuals choose a hump-shaped
labor supply profile, the optimal tax rate on capital income is negative until the labor
supply peaks, becomes positive until individuals retire, and is zero thereafter. As
for the labor income tax profile, it is hump-shaped and peaks at the same age as
the labor supply. Conversely, because of the progressivity of the U.S. tax system,
the marginal tax rates that individuals face vary with earnings. Since earnings vary
over the lifetime of individuals, a progressive tax system implies that the marginal
tax rates faced by the average U.S. tax payer also vary with age. The question that
arises is how close the optimal marginal tax rates derived from a life-cycle model are

to those faced by an average individual in the U.S. economy.

Given optimal tax rates generated by a parameterized version of the model, I
evaluate how closely the U.S. tax code approximates the optimal one. To do so, the
NBER TAXSIM model is used to calculate the implied marginal tax rates faced by
individuals in the 1995 Current Population Survey.* The marginal income tax profiles
differ from the optimal ones in two important ways. First and foremost, capital income
is taxed too heavily, especially at young ages and during retirement. Second, although
the labor income tax profile shares the hump shape of the Ramsey tax profile, the
peak occurs later in the data than in the model. The second discrepancy occurs
because optimal labor income tax rates are a function of the labor supply whereas
the U.S. progressive tax system taxes labor income based on earnings, and earnings

peak later in life than labor supply.

The above results suggest, at least as far as labor income taxes are concerned, that
progressive taxation may provide a way for the government to implement optimal
age-dependent taxes without observing individuals’ age. As is well know, however,

progressive taxation introduces a wedge between marginal and average tax rates that

3Note, however, that the labor supply profile that individuals choose is a function of the tax rates
themselves.

4The data is available at http://www.nber.org/~ taxsim/byage/. For more information about
the TAXSIM model, see Feenberg and Coutts (1993) or http://www.nber.org/~ taxsim.



is not present under age-dependent taxes. I evaluate the cost of this wedge by com-
puting equilibria of the life-cycle model under different specifications of progressive

tax systems.

An alternative to progressive taxation when the fiscal authority cannot tax in-
dividuals based on their age is of course a pure proportional tax system where in-
dividuals face age-independent tax rates on capital and labor income. In order to
compare allocations under progressive tax codes to the allocation that obtains un-
der an optimal age-independent tax code, an appropriate Ramsey problem needs to
be formulated. And since I want to rule out re-distributional effects, this Ramsey
problem must impose that the government balances its budget on a period by period
basis.? In a formulation of the Ramsey problem in which the government chooses al-
locations rather than prices, this constraint essentially imposes that the capital stock
must exactly match the savings of the entire population. Two additional constraints,
which involve equalizing marginal rates of substitutions across individuals of all ages,
are necessary for allocations to be implementable with an age-independent tax code.
Allocations and welfare under progressive tax system are then compared to those

obtained under optimal flat proportional tax rates.

Simulation results are as follows. First, the welfare cost of a progressive tax system
where the tax base is total income is substantial. For an individual to be indifferent
between the allocation under a progressive tax system meant to replicate the U.S. tax
code and the allocation under optimal proportional tax rates, he/she would require
consumption to be increased by over 6 percent in every period of his/her life. This
result, however, is very sensitive to the degree of progressivity of the tax code. For
low enough degrees of progressivity, the progressive tax system is preferred to the
proportional tax system. Second, under a tax system where labor income is taxed
at progressive rates and capital income is taxed at a constant proportional rate, a
progressive tax system is preferred to constant proportional taxes on capital and labor

even for relatively high degrees of progressivity.

The rest of the paper is organized as follows. The next section presents the eco-

®Stockman (2001) studies optimal taxation without government debt in a stochastic neoclassical
growth model populated a representative infinitely-lived individual.



nomic environment, formulates a Ramsey problem, and characterizes optimal fiscal
policies. Section 3 compares implied tax rates from the data to the optimal ones gen-
erated by a parameterized version of the model. The implications of progressive tax-
ation are studied in section 5, where allocations are compared to allocations derived
from a Ramsey problem which imposes zero government debt and age-independent

tax rates, as formulated in section 4. Section 6 concludes the paper.

2 Economic Environment and Ramsey Taxes

Consider an economy populated by overlapping generations of individuals with finite
lives.® Individuals make consumption and labor/leisure choices in each period so as
to maximize their lifetime utility. Firms operate a neoclassical production technol-
ogy: factors are paid their marginal products. The payments received by individuals
on their factors (capital and labor) are subject to proportional taxes which can be
conditioned on age. The government uses the revenues from taxation to finance an
exogenously given stream of government purchases. In addition, the government ab-
sorbs any imbalance between tax revenues and public expenditures by issuing debt.
Note that for any given fiscal policy, individual behavior (by consumers and firms)
implies a particular allocation. The Ramsey problem consists of choosing, among all
those allocations, the one that maximizes a particular utilitarian welfare function.
This problem, the Ramsey problem, will be formally defined once the basic economic

environment is introduced.

2.1 Economic Environment

Households Individuals live (J + 1) periods, from age 0 to age J. At each time
period a new generation is born and is indexed by its date of birth. At date 0, when
the change in fiscal policy occurs, the generations alive are —J,—J +1,...,0. To
take these initial generations into account in what follows, it will prove convenient to

denote the age of individuals alive at date zero by jo(t). For all other generations,

6This section draws from Erosa and Gervais (2002).



Jo(t) = 0, so that for any generation t, jo(t) = max{—t,0}. One can thus think of
Jo(t) as the first period of an individual’s life which is affected by the date zero switch
in fiscal policy. The population is assumed to grow at constant rate n per period, and
f; represents the share of age-j individuals in the population. The labor productivity

level of an age-j individual is denoted z;.

Let ¢, ; and [, ;, respectively, denote consumption and time devoted to work by an
age-j individual who was born in period t. Note that ¢, ; and [, ; actually occurs in
period (t+ j). Similarly, the after-tax prices of labor and capital services are denoted
wy; and 1 ;, respectively. Given a fiscal policy 7, the problem faced by an individual

born in period ¢t > —J is to maximize lifetime utility subject to a sequence of budget

constraints: S
U'(m) = max Z B0 (¢, 5,1 — 1), (1)
J=Jjo(t)
s.t. Cij+ Qi1 = ww‘Zjlt,j + (1 + Tt,j)at,ja J= jO(t)7 s, (2)

where 3 > 0 is a discount factor and a,; denotes total asset holdings by an age-j
individual who was born at date ¢. Initial asset holdings, a; j,«), are taken as given for
initial generations and are equal to zero for all other generations. The utility function
U is assumed to be strictly increasing in both arguments, strictly concave, and satisfies
standard Inada conditions. On the left hand side of equation (1), U*(7) denotes the
indirect utility function of a generation ¢ individual, that is, the maximum lifetime
utility an individual obtains under fiscal policy 7. The budget constraint (2) expresses
that individuals allocate their income, composed of labor and (gross) interest income,

to consumption and saving.

Let p;; denote the Lagrange multiplier associated with the budget constraint (2)
faced by an age-j individual born in period ¢. The necessary and sufficient conditions

for a solution to the consumer’s problem are given by (2) and

ﬁj_jO(t)Uct,j —pi; =0, (3)
5j_j°(t)Uzt,j + pejwejz; < 0,  with equality if I; ; > 0, (4)
—Prj + Prjr1(1+71e41) =0, (5)
ag j41 =0, (6)



J = Jo(t),...,J, where U, , and Uy, ; denote the derivative of U with respect to ¢ ;

and [; ; respectively.”

In principle, one could solve the above equations to obtain the optimal consump-
tion and leisure profiles of individuals. Naturally, these demand functions would
depend on the fiscal policy chosen by the government, and would represent the re-
action functions that the government takes into account when choosing tax rates.
Alternatively, these first order conditions can be used to substitute prices out of the
budget constraint (2). The resulting equations, which only involve quantities, can
then be imposed as constraints on an alternative formulation of the Ramsey problem

where the government chooses allocations rather than tax rates.

Technology and Feasibility The production technology is represented by a neo-
classical production function with constant returns to scale, ¢, = f(k, l;), where ¢, k;
and [, denote the aggregate (per capita) levels of output, capital, and effective labor,
respectively. Capital and labor services are paid their marginal products: before-tax
prices of capital and labor in period t are given by 7, = fi.(k, l;) — 9, where 0 < § < 1

is the depreciation rate of capital, and w; = fi(ki, l;).

Feasibility requires that total (private and public) consumption plus investment

be less than or equal to aggregate output
e+ (1 +n)kyr — (1 =6k + 9. < qu, (7)

where ¢; denotes aggregate private consumption at date ¢, g, stands for date-t gov-
ernment consumption, and all aggregate quantities are expressed in per capita terms.
Note that tomorrow’s per capita capital stock needs to be multiplied by (1 + n) to
account for population growth. Also, the date-t aggregate levels of consumption and
labor input, the latter being expressed in efficiency units, are obtained by adding up
the weighted consumption (or effective labor supply) of all individuals alive at date ¢,

where the weights are given by the fraction of the population that each individual

"The Inada conditions guarantee that consumption and leisure will be strictly positive in each
period.



represents:

J
Cy = E HiCt—j 5,
J=0

J
lt = Z:ujzjlt*j,j'
j=0

The Government To finance a given stream of government expenditures, it is
assumed that the government has access to a set of fiscal policy instruments and a
commitment technology to implement its fiscal policy. The set of instruments avail-
able to the government consists of government debt and proportional, age-dependent
taxes on labor income and capital income. The date-t tax rates on capital and labor
services supplied by an age-j individual (born in period (¢ — j)) are denoted by 7/°  ;
and 7,7, ;, respectively. In per capita terms, the government budget constraint at

date ¢t > 0 is given by
(1+7)be + g1 =

J J
(L )b+ Y (= )iy + (@ — wi )izl (8)
§=0 §=0
where b; represents government debt issued at date ¢, wy; = (1 — 71%)Wy;, and
re; = (1— Tt’fj)ftﬂ. Equation (8) expresses that the government pays its expendi-
tures, composed of outstanding government debt payments (principal plus interest)
and other government outlays, either by issuing new debt (adjusted for population

growth), by taxing interest income, or by taxing wage income.

In the spirit of Ramsey (1927), the government takes individuals’ optimizing be-
havior as given and chooses a fiscal policy to maximize social welfare, where social wel-
fare is defined as the discounted sum of individual lifetime welfares (Samuelson (1968)
and Atkinson and Sandmo (1980)). In other words, the government chooses a se-

quence of tax rates in order to maximize

> AU, (9)

t=—1J



where 0 < v < 1 is the intergenerational discount factor and U’(7) was defined earlier

as the indirect utility function of generation ¢ as a function of the government tax

policy.

2.2 The Ramsey Problem

The Ramsey problem consists of choosing a set of tax rates so that the resulting allo-
cation, when prices and quantities are determined in competitive markets, maximizes
a given welfare function. Alternatively, a Ramsey problem where the government
chooses allocations rather than tax rates can be formulated.® This is done by con-
structing a sequence of implementability constraints which guarantee that any alloca-
tion chosen by the government can be decentralized as a competitive equilibrium. The
implementability constraints are obtained by using the consumers’ optimality condi-
tions (3)—(5) to substitute out prices from the consumer’s budget constraints (2).
After adding up these budget constraints, the resulting implementability constraint

associated with the cohort born in period t is given by

J
> B0, e+ U lg) = Ao (10)
J=jo(t)
where A j,) = UCt,jo<t>(1 + o)) Oejor)- 1t is important to note that these im-

plementability constraints rely on the existence of age-dependent tax rates. Since
factors are paid their marginal products, before-tax prices do not depend on age.
It follows that after-tax prices can only depend on age if the government as access
to age-dependent tax rates. Additional restrictions, which involve marginal rates of
substitution over the lifetime of individuals, need to be imposed for an allocation to
be implementable with age-independent taxes. In other words, the set of allocations
from which the government can pick depends crucially on the instruments available

to the government.

Since these implementability constraints are constructed from the optimality con-

ditions of the consumers’ problem, it is clear that any competitive equilibrium al-

8This is the formulation of the Ramsey problem generally used to study optimal taxation in
infinitely-lived agent models. See Chari and Kehoe (1999) for a review.



location satisfies (10). Conversely, one can show that if an allocation satisfies the
implementability constraints (10) as well as the feasibility constraint (7), then there
exists a fiscal policy for which the allocation is a competitive equilibrium.® This is
what allows us to set up a Ramsey problem in which the government chooses quan-

tities rather than prices.

This Ramsey problem consists of choosing an allocation to maximize the dis-
counted sum of successive generations’ utility subject to each generation’s imple-

mentability constraint as well as the feasibility constraint, that is,

o0

n max 0. Z YW, (11)
{etgile g}z oy ke+ 41 g t=—J

subject to feasibility (7) for ¢ = 0,.... The function W, is defined to include gen-

eration t’s implementability constraint in addition to generation t’s lifetime utility,

where lifetime utility now refers to the direct utility function. Letting 7*); be the

Lagrange multiplier associated with generation t’s implementability constraint (10),

the function W; is defined as

J

Wy= > F7°0U (o1 = liy) + MU, ycrg + Usleg)] = MAsjoo- (12)

J=jo(t)

It should be noted that since government debt is unconstrained, the government
budget constraint (8) need not be imposed on the Ramsey problem. It can be shown
that the government budget constraint holds if the implementability constraint (or
the present value budget constraint of individuals) and the feasibility constraint are
satisfied. Once a solution is found, the government budget constraint can be used to

back out the level of government debt.

2.3 Optimal Tax Profiles

It will be shown in this section that if the Ramsey allocation converges to a steady

state solution, optimal labor and capital income taxes will in general be different

9For details, see Atkeson, Chari and Kehoe (1999) or Erosa and Gervais (2002). A similar
argument will be made formally in section 4 when I formulate a Ramsey problem without government
debt.
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from zero even in that steady state. Although the main results of this section hold
more generally, attention will be restricted to steady states and to a particular class

of utility functions.

Let v'¢; denote the Lagrange multiplier associated with the time-t feasibility con-

straint (7). The steady state solution is characterized by the following equations:

1
L= 64 fr= —0, (13)
Y
(L+NFUe, + MNP U HS =~ oy, §=0,...,J, (14)
(1+NFU, + A\FULH, < =y dpszifr, §=0,...,J, with equality if [; > 0,
(15)
where
UC.C.C‘—}—Ul,.C.l'
HE = 5:¢5 70 36577 16
Vi ch ? ( )
Uc'l~c'+Ul'l‘l'
Hl — gt5 ) J'3 ") 17

J

as well as the feasibility and implementability constraints (7) and (10). Atkeson, Chari
and Kehoe (1999) refer to the terms H® and H' as general equilibrium elasticities since
they capture the relevant distortions for setting the capital and labor income tax rates

in general equilibrium.

The first order condition with respect to capital, equation (13), implies that the
solution to this Ramsey problem has the modified golden rule property: the marginal
product of capital (net of depreciation) equals the effective discount rate applied to
successive generations [(1 + n)/v] — 1. Equation (14), which corresponds to the first
order condition with respect to consumption, expresses that the government equates
the discounted marginal benefit of consumption to the marginal cost of producing
extra consumption, which is given by the shadow value of production, ¢, appropriately
weighted and discounted. Note that the marginal benefit includes the direct utility
gain as well as the impact of a small change in consumption on the implementability
constraint. Finally, the first order condition with respect to the labor decision (14)

equates the benefit of an extra unit of leisure to the cost of having one less unit of

11



labor, which is given by the shadow value of production, ¢, appropriately weighted

and discounted, times the marginal product of labor measured in efficiency units.

Erosa and Gervais (2002) show that capital and labor income will in general
be taxed at non-zero rates in this environment. This follows from the fact that
consumption and leisure are generally not constant over an individual’s lifetime, even
in steady state. Furthermore, the optimal tax rates will generally not be constant
over on individual’s life, as the general equilibrium elasticities H Jl and H7 will change

as individuals age.

In order to characterize the shape of the tax profiles over the lifetime of individuals,
consider a utility function of the form
1—
c; T(1—1;)"
U (Cj7 1— lj) = M7 (18)

l1—0

where n = (1 — o). Here, 1/0 is the intertemporal elasticity of substitution, which
measures the degree to which individuals are willing to substitute consumption over
time, and # measures the intensity of leisure in individuals’ preferences. The principles
guiding the optimal manner in which to tax capital and labor over the lifetime of

individuals are stated in the following Proposition.

Proposition 1 Assume that the utility function takes the form given by (18). Then
(i) the tax rate on capital income at age j + 1 is positive if and only if i1 < Ij,
and (i) the tax rate on labor income at age j is higher than at age j + 1 if and only

’Lf lj+1 < lj.

Proof. See Appendix.

By taxing or subsidizing capital, the government makes consumption and leisure in
the future more or less expensive than today. Proposition 1 suggests the government
uses capital income taxes to smooth individuals’ leisure and consumption profiles
over their lifetime. Under Cobb-Douglas utility, the share of consumption in an
individual’s total expenditures is constant, so that consumption and leisure always
move together over time. If consumption and leisure are high tomorrow relative to

today, then the government will tax the return on today’s savings at a positive rate

12



tomorrow. Doing so, the government gives individuals an incentive to consume more

and to save less today, and thus to consume less tomorrow.

An implication of the principle of optimal taxation developed in Proposition 1 is
that capital income should not be taxed during retirement. This follows directly from
the fact that labor supply is constant during retirement. Notice, however, that leisure
time during retirement is taxed indirectly by taxing the return on savings prior to

retirement.

Proposition 1 puts a lot of structure on the profiles of optimal capital and labor
income tax rates. Furthermore, the shape of these profiles is entirely determined by
the profile of the labor supply. For instance, imagine that the labor supply profile is
hump-shaped. Then the tax rate on capital income should be negative until the labor
supply peaks, become positive until retirement, and be zero thereafter. Proposition 1
also tells us that under a hump-shaped labor supply profile the tax rate on labor

income should be hump-shaped and peak at the same age as the labor supply.

3 Age-Dependent and Progressive Tax Profiles

To compare the prescribed tax rates to those implied by the data, the model is
parameterized and optimal tax rates are computed numerically. After computing the
optimal tax rates implied by the Ramsey problem, these rates are compared to implied

tax rates on labor and capital income from the 1995 Current Population Survey data.

3.1 Simulating Ramsey Taxes

It is assumed that individuals live for 55 years (J = 54) and the population grows
at one percent per annum (n = 0.01). In this setting, one can think of individuals
as beginning their economic life at age 21, which corresponds to model age 0, and
living until real age 75. The labor productivity profile is taken from Hansen (1993)

and normalized so that labor productivity is equal to one in the first year (2o = 1).1°

10T actually use a smoothed version of the profile. The equation generating the productivity profile
is z; = 0.4817 + 0.0679(j + 1) — 0.0013(j + 1)? for j = 0,...,54, which is then normalized so that
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The utility function is specified as in equation (18) with intertemporal elasticity of
substitution equal to 0.5 (¢ = 2), and discount rate equal to 1.5 percent per year
(8 = (1+0.015)"1). The parameter determining the intensity of leisure is set such
that aggregate working time represents a third of total time (6 = 1.47).

The production function is given by f(k,1) = k*I'~. The capital share of output
is set to 36 percent (o = 0.36) and capital depreciates at a rate of 6.5 percent per
year (0 = 0.065).

The level of (per capita) government spending is set so that it represents 19 percent
of output. Simultaneously, the value of the intergenerational discount factor (vy) is
chosen to make government debt equal to zero in the final steady state.!' The value of
~ which accomplishes this goal is 0.948. Equation (13) then implies that the pre-tax
interest rate is equal to 6.5 percent, and the steady state capital-output ratio is equal

to 2.76.

Figure 1 illustrates how taxes vary with age under our parameterization of the
model. Following Proposition 1, capital income taxes are positive (negative) when
the labor supply is decreasing (increasing), and labor income taxes follow the shape

of the labor supply.

3.2 Comparison with the Data

Because of the need to compute tax rates that individuals face at each age of their life,
which is not available from the IRS, tax rates were imputed using the NBER TAXSIM
model on data from the Current Population Survey (CPS) of the 1995 US Census.!?
Given the information available in the CPS data, the TAXSIM model calculates the
tax liability that each individual in the sample faced under the 1995 U.S. tax code.'?

zZo0 = 1.

Note that different values of v influence the level of the labor and capital tax profiles more than
their shape: higher values of v lead to lower government debt and lower tax rates in the long run.

12The data is available at http://www.nber.org/~ taxsim/byage/. For more information about
the TAXSIM model, see Feenberg and Coutts, (1993) or http://www.nber.org/~ taxsim.

13Tt should be noted that the CPS is not an ideal source of property income data. In particular, it
is assumed that all individuals are given only the standard deduction. This assumption may make
the tax code appear more progressive than it is in reality and may paint a misleading picture for

14



For each individual, the marginal tax rate is calculated as the marginal rate from a
one percent change in all income items, and the average tax rate is equal to the ratio
of tax liability to adjusted gross income. The data used in the reminder of this paper

consist of the mean marginal and average tax rates for individuals at each age.

Figure 2 shows the marginal tax profiles generated by the CPS data. Much like
in the model, the total income tax rate follows the labor income tax rate until the

last few years where it tracks the capital income tax.

The marginal tax rates generated by the data are now compared to those pre-
scribed by the Ramsey problem under our benchmark parametrization. Figure 3
plots the total income tax rates from the model and the total (marginal) income tax
rates from the data.'* This Figure suggests that the U.S. tax code under-taxes young
individuals and taxes middle-aged individuals too much. Although the total tax rate
declines for older individuals, Ramsey taxes are zero for retirees, suggesting that older
individuals are also over-taxed. This last point, however, may be an artifact of the
representative agent model from which Ramsey taxes are generated, which implies

that all individuals retire at exactly the same age.

The difference between the marginal tax rates generated by the data and those
generated by the Ramsey problem can best be explained by analyzing labor and
capital income taxes separately. Figure 4 suggests that capital income taxation is an
important source of discrepancy between the two profiles. The most striking feature
of that Figure is that the U.S. tax code generally taxes capital income at very high
rates relative to the rates prescribed by the solution to the Ramsey problem. Note
that the negative tax rate on capital income during the first few years is actually
a tax on borrowing, as individuals have a negative net worth for the first 9 years.
The fact that the tax rate on capital income implied by the data is positive at young
ages suggests that individuals get a tax break while they have a negative net worth.

Again, it should be emphasized that the CPS data is far from ideal for computing

capital income tax rates. I am currently computing tax rates using 2001 PSID data, for which the
capital income tax rates can be much more reliably calculated.

14The total income tax rates from the model are actually average tax rates, computed as the
ratio of tax liability and total income. They thus represent the tax rate on an extra dollar of income
assuming that the distribution of income between capital and labor is unaffected by the extra income.
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empirical capital income tax rates.

Unlike the capital income tax, the labor income tax rates implied by the data
are fairly close to those prescribed by the Ramsey problem. Figure 5 shows that
both profiles are hump-shaped at approximately the same level. The profile implied
by the data, however, peaks much later than the Ramsey profile. The origin of this
discrepancy is that the model taxes labor income according to a different principle
from the U.S. tax code. In the model, as shown in Proposition 1, the optimal labor
income tax is based on individuals’ working time (or labor supply). In contrast, the
labor income tax in the U.S. is a function of earnings, where earnings are equal to the
wage rate times productivity times working time. Since actual marginal tax rates are
an increasing function of earnings—by definition since the tax code is progressive—
the tax profile in the data will peak at the same time as earnings. Figure 6 shows
that the age-profile of productivity and hours worked do not peak at the same time,
as the age-profile for productivity peaks later in life. That means that the tax profile
from the data will naturally peak later than that of the model since in the model, the

tax rate peaks at the same time as the labor supply.

Before exploring the desirability of using progressive taxation, we first need to
establish a simple benchmark that the government can achieve when it cannot age-
condition tax rates nor issue debt. In order to establish this benchmark in which
capital and labor income are taxed at fixed rates over the lifetime of individuals, we
need to formulate a Ramsey problem that can be used to compute optimal tax rates.

This is subject of the next section.

4 Steady State Problem Without Debt

In this section I study a Ramsey problem in which the objective of the government or
Planner is to maximize the steady state utility of a representative individual, under

the restriction that the government cannot issue debt.'> The idea is that since we

15Gtrictly speaking this problem is very different from the Ramsey problem discussed in section 2.
Loosely speaking, however, the first order conditions of this steady state problem correspond to the
steady state first order conditions of the full Ramsey problem when v = 1. Of course, the objective
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want to compare steady states where government debt is zero, we need a way of
finding the best the government can do under a proportional tax system, which is
a feasible alternative to progressive taxation when the government is not allowed to

base tax rates on age.

Definition 1 A steady state allocation {{c;,1;}/_y, k} is implementable if there exists
a fiscal policy m € 11 and a sequence of asset holdings {aj+1}3-]:0 such that:

1. Given prices implied by the fiscal policy w, the allocation {c;,1;, aj+1}3’:0 solves
the following consumer problem:

J
maXZﬁjU(cj, L) (19)

§=0
s.t. cj+aj+1 IZUijlj + (1+rj)aj, j = 0,1,...,J, (20)

where ag = 0;

2. Factor prices are competitive:

>
I

fe =0, (21)
s (22)

8,
I

3. The government budget constraint is satisfied:

J J
g="> (b —wipzly) + > _(F = ripa;); (23)
=0 j=0
4. The allocation is feasible:
J
D e+ (n+ 6k +g = f(k,1). (24)
j=0

As the next two Propositions show, the set of implementable allocations depends

crucially on the set of fiscal policies II from which the government can choose. In

function of the full Ramsey problem (11) is not well-defined when the government does not discount
the future.
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Proposition 2, the set of fiscal instruments is not restricted other than by the restric-
tion in Definition 1 that the government balance its budget on a period by period
basis. Proposition 3 restricts the set of feasible fiscal policies to only two proportional
tax rates: Il = {7% 7%}, thus forcing the government to choose age-independent tax

rates in addition to balancing the budget.

J

Proposition 2 An allocation {{c;,l;}i_o,k} is implementable if and only if it is

feasible (24) and satisfies the following implementability constraints:

J
Zﬁj (chcj + Uy lj) =0, (25)
=0
J " m '
Z_Bmg Z/BJ<chcj+Uljlj> = k. (26)
m=1 Cm j—0

Proof. See Appendix.

The first implementability constraint insures that the allocation satisfies the con-
sumer’s optimality conditions. The second constraint imposes that the weighted sum
of all assets held by individuals at any point in time equals the aggregate stock of

capital, thereby imposing government debt to equal zero.

Proposition 3 An allocation {{c;,1;}7_, k} is implementable with age-independent
tazxes if and only if it is feasible (24), satisfies the implementability constraints (25)—

(26), as well as the following additional implementability constraints:

U U .
J (Zchj ZOU00> J ’ T ( )
U, U, .
— - =] =0 =1,...,J -1 28
(U0j+1 U61> g 7 7 ( )

Proof. See Appendix.

The interpretation of the additional implementability constraints is straightfor-
ward. Given any tax rates, individuals will set marginal rates of substitution equal

to after-tax prices. If we want to restrict the government to choose age-independent
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tax rates, we must restrict the set of allocations it can choose to those that feature
equal marginal rates of substitution across individuals of all ages. Only then can
an allocation be decentralized with age-independent tax rates. The first constraint
is multiplied by [; since the constraint need not hold when individuals are retired
(l; =0).

The Ramsey problem than consists of maximizing steady state utility (19) sub-
ject to the feasibility constraint (24) as well as the appropriate implementability
constraints: equations (25)—(26) for age-dependent taxes; and equations (25)—(28)
for age-independent taxes. It is interesting to note that the optimality condition for
the choice of capital implies that the allocation no longer has the modified golden rule
property. When the government has access to government debt, it can issue debt or
hold capital (negative debt) to make up the difference between the aggregate amount
of assets individuals wish to hold and the golden rule amount.Without government
debt, the government looses its ability to do so. Under the parameter values of the
previous section, with 7 close to unity, the government holds a lot of capital in order
to achieve the golden rule amount of aggregate capital. It follows that the level of

capital will be lower under budget balance than it was in that steady state.

5 Simulating Progressive Taxes

The discussion in section 3 suggests that, at least as far as the labor income tax
is concerned, progressive taxation can generate marginal tax profiles that resemble
optimal Ramsey tax profiles. Instead of comparing implied tax rates, this section
compares the behavior of individuals under different specifications of progressive tax
systems to their behavior under optimal Ramsey taxes. As is well known, even
if progressive taxation could perfectly imitate optimal age-dependent marginal tax
rates, the progressivity of the tax code implies additional distortions as it introduces
a wedge between the average and marginal tax rates that is not present under an

age-dependent tax system.
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5.1 Average and Marginal Tax Functions

To specify a functional form for the tax function, I use the tax rates implied by the
CPS data discussed above. Figure 7 depicts the average and marginal tax rates as
a function of income.'® Although many different functional forms could be used to
approximate the progressivity of the U.S. tax code, the fact that the marginal tax
rates appear to sit right on top of the average tax rates suggests that a log-linear
function is an appropriate functional form to use. These functions are also shown on
Figure 7.17

The fact that the intercepts of the marginal and average tax functions are very
similar suggests that the tax code does not become more or less progressive as income
increases, and that the distance between the two tax functions is a good proxy for
the degree of progressivity in the tax code. However, the functional form used for
the average and marginal tax functions are just approximations of the true functions,
which means they need not be consistent with each other. More precisely, if we

respectively let the average and marginal tax functions be given by

7(y) = mo + m logy,
7(y) = (mo + pm1) + m log y,

then for these tax functions to be consistent with each other requires setting p equal
to one. The data suggests that the tax code is more progressive than the log-linear tax
function, that is, p > 1. Values of p € (0,1) imply a tax code that is less progressive
than the log-linear case, and setting p equal to zero brings the tax code closer to the

age-dependent tax code, which is not progressive.

16 At this time, I only have average tax rates for total income, so I will use the tax functions from
total income throughout the rest of the paper.

17Other functional forms, such as that estimated by Gouveria and Strauss (1994)—which has been
used by Sarte (1997) and Castaneda, Dias-Gimeriez and Rios-Rull (2000)—or a quadratic form, do
not fit the data as well. Note, however, that the log-linear tax function does not have some of
the nice properties that the Gouveria and Strauss tax function has. In particular, the tax rate at
zero income is not zero, and the distance between the average and marginal tax functions does not
converge to zero as income gets large.
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5.2 Simulations

I can now solve for optimal proportional tax rates and compare the allocation implied
by this tax code to those obtained under different specifications of progressive tax

systems.

Age-Independent Optimal Taxation In order to simulate optimal age-independent
taxes, we need to solve the problem implied by Proposition 3, that is, maximizing
steady state utility (19) subject to the feasibility constraint (24) as well as imple-
mentability constraints (25)—(28). I do so using the same parameter values as in
section 3.1, except for government spending and the leisure preference parameter (6).
I set these parameters such that the resulting equilibrium under optimal tax rates
has the ratio of government spending to output equal to 19 percent, and such that
aggregate working time represents a third of total available time (0 = 1.427). The
resulting optimal tax rates on labor and capital income are, respectively, 26.8 percent
and 9.9 percent. The interest rate is equal to 6.78 percent and the capital to output

ratio is equal to 2.71.

Progressive Taxation on Total Income Under a progressive tax system where

the tax base is total income, the problem that individuals face is the maximization of

J —c
Sy o oL
, 1—0 ’
7=0
S.t. Cj+aj+1 = (l—f(yj))yj—i—aj, jIO,...,J,
where

y; = Wzl + raj.

The optimality conditions, although standard, are key to understand the results of

this section:

—Ue; + AU, [1+ (1 = 7(yj41))7] = 0,
Uy, + U, (1 = 7(yj41))wz; <0, with equality if I; > 0.
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The distance between the tax function 7() and 7() thus determines how costly it is
for the government to collect a certain amount of tax revenues, that is, it determines
the wedge between the average and the marginal tax rates: whereas 7() in the budget
constraints measures the resources lost by the individual to the tax authority, 7()
in the optimality conditions measures how costly it is to collect these taxes at the

margin.

To compare the allocations under progressive taxation to that under age-independent
taxes, the economies need to be parameterized so that they are indeed comparable.
In particular, per capita government spending is maintained at the same level across
all economies, and government debt is always equal to zero. I adjust the parameter
7 from the tax functions in order for the latter requirement to hold in all economies.

All other parameters of the model are kept at their initial values.

The results for different values of p—which controls the degree of progressivity by
setting the wedge between the average and marginal tax functions—are presented in
Table 1. The second column presents the results from the optimal age-independent
tax code, and the next five present results under tax systems of various degrees of
progressivity. With p = 2.471, the distance between the average and marginal tax
functions matches that of the estimated tax functions on Figure 2. A value of unity

for the parameter p implies that the tax functions are consistent with each other.

The last row of table 1 gives the percentage by which consumption would need to
be increased in each period of ones’ life for that individual to be indifferent between a
given allocation and the allocation obtained under the optimal age-independent tax
code. In other words, suppose that country A operates under the optimal tax code
and country B operates under some progressive tax system. Then ccomp gives the
percentage by which consumption at each age for an individual living in country B
would need to be increased in order for that individual to be indifferent between living

in either country.

Table 1 indicates that when p = 2.471, capital and labor are respectively 24
and 8 percent lower under the progressive tax system with income as the tax base
relative to its level under the optimal age-independent tax code. These lower levels

of inputs translate into a 14 percent reduction in output. Figure 8 shows that the
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Table 1: Progressive Taxation on Total Income

Age-Ind Progressive Taxation on Total Income
p Taxes 2471 1.500 1.000 0.667 0.333
q 1.000 0.859 0.917 0.946 0.964 0.981
c 0.607 0.515 0.556 0.576 0.588 0.601
i 0.203 0.155 0.172 0.180 0.185 0.191
k 2.711 2.062 2.287 2.398 2.469 2.540
l 0.571 0.525 0.549 0.560 0.568 0.575
ccomp (%) 0.000 6.249 2.097 0.423  —0.557 —1.442

consumption profile is lower under progressive taxation (pink or light lines) than
under proportional tax rates (blue or dark lines) while the leisure profile is higher. The
higher leisure profile does not make up for lower consumption, however, as individuals
would require consumption to be 6.25 percent higher in every period to be indifferent
between the two tax systems under consideration. It is important to note that the
consumption and leisure profiles are much flatter under the progressive tax code than
under proportional taxes, as effective after-tax interest rates are generally lower—

except for the last two periods of life—under the progressive tax system.

Table 1 also suggests that the welfare cost of progressive taxation is very sensitive
to the degree of progressivity of the tax code. When the distance between the marginal
and average tax function is such that the functions are consistent with each other,
the welfare cost decreases to less than half a percent of consumption per period. As
the degrees of progressivity decreases further, the allocation under the progressive tax

system becomes preferable to that under the optimal age-independent tax system.

Given how different the capital income tax profiles from the Ramsey problem are
from those implied by the data, it will prove interesting to identify the extent to

which the treatment of capital income taxation affects the above results.

Progressive Taxation on Labor Income I now consider a tax system where
labor income is taxed at progressive rates while capital income is taxed at a fixed
proportional rate. It is interesting to note that the optimal labor income tax profile

under the restriction that capital income be taxed at a flat proportional rate is more

23



Table 2: Progressive Taxation on Labor Income (7% = 9.92%)

Age-Ind Progressive Taxation on Labor Income
p Taxes 2471 1.500 1.000  0.667  0.333
q 1.000 0.918 0.955 0.973  0.984 0.995
c 0.607 0.540 0.570 0.585 0.594  0.603
1 0.203 0.188 0.195 0.198  0.200  0.202
k 2.711 2.504 2.599 2.643 2.671  2.698
l 0.571 0.522 0.544 0.554  0.561  0.568
ccomp (%) 0.000 4.176 1.963 1.072  0.553  0.088

hump-shaped than the one shown in Figure 1.

The budget constraint under this tax system is given by
cj+aj=[1- f(yé)]yj + 1+ (1 =7a;, =0,...,J,

where yé. = wz;l;. The optimality conditions under this tax code, which show that
the asset accumulation decision is no longer directly affected by progressive taxation,

are as follows:

~Ugy + BUq, [1+ (1 = )7 = 0,
Uy, + Ug,[L = 7(y})]iwz; <0,  with equality if I; > 0.

As a starting point, the tax rate on capital is set at 7% = 9.92%, its value under
the optimal age-independent tax system. I then simulate the economy under different
values for p, adjusting the parameter my from the tax functions to keep government
debt equal to zero under a constant level of per-capita government spending. Results

appear in Table 2.

The impact on the capital stock of taxing labor income at progressive rates is
much less pronounced than with total income as a tax base. With p = 2.471, capital
is only 7.6 percent lower than under the optimal age-independent tax code. This
translates into higher output and consumption than under progressive taxation on
total income, even though labor is lower. Nevertheless, the shape of the consumption
and leisure profiles, shown in Figure 9 under p = 0.333, is such that even for relatively

low degrees of progressivity, individuals prefer the age-independent tax system.
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Table 3: Progressive Taxation on Labor Income (7% = 0.0%)

Age-Ind Progressive Taxation on Labor Income
p Taxes 2471 1.500 1.000  0.667  0.333
q 1.000 0.915 0.955 0.974 0.984 0.998
c 0.607 0.533 0.564 0.580  0.594  0.599
1 0.203 0.193 0.200 0.204  0.200  0.209
k 2.711 2.568 2.673 2.721  2.671  2.782
l 0.571 0.512 0.535 0.546  0.561  0.560
ccomp (%) 0.000 6.234 3.714 2711 2131  1.611

Interestingly, the fact that individuals are not better off under a flat capital income
tax is not because the level of that tax is too high, as Table 3 illustrates. The results
presented in that table were obtained under a progressive labor income tax and a
proportional tax on capital income equal to zero. The reason again lies in the shape of
the consumption and leisure profiles. Figure 10 shows these profiles when p = 0.333.
Notice that under that tax code aggregate consumption is close to its level under
age-independent taxes, and that the labor supply is higher, suggesting that leisure is
higher than under age-independent taxes. However, consumption is lower than under
age-independent taxes except for the last 15 years of life, which are discounted much
more heavily than the early years, during which consumption is lower than under
age-independent taxes. The fact that leisure is higher during all but the first and last

few years of life does not make up for lower consumption early in life.

Indeed, the value of 7% which achieves the highest level of utility—adjusting s to
keep tax revenues constant—is around 40.0%. Results from this experiment appear
in Table 4, which reveals that even for fairly large degrees of progressivity, progressive
taxation is preferred to the optimal age-independent tax system. As Figure 11 shows
(under p = 1.0), the higher tax rate on capital income, which lowers the after-tax

interest rate, induces individuals to choose a flatter consumption/leisure profile.
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Table 4: Progressive Taxation on Labor Income (7% = 40.0%)

Age-Ind Progressive Taxation on Labor Income
p Taxes 2471 1.500 1.000 0.667 0.333
q 1.000 0.903 0.933 0.948 0.957 0.966
c 0.607 0.549 0.575 0.587 0.595 0.603
l 0.203 0.163 0.168 0.171 0.172 0.174
k 2.711 2.179 2.245 2.277 2.297 2.317
l 0.571 0.550 0.569 0.579 0.585 0.591
ccomp (%) 0.000 0.735 —0.849 —1.502 —1.886 —2.234

6 Conclusion

This paper studies optimal and progressive taxation in a life-cycle economy similar to
the one developed by Auerbach and Kotlikoff (1987). In this economy, the government
generally uses both capital and labor income taxes, even in the long run. Under a
widely used utility function, the optimal tax rate on capital and labor income vary
with age and are a function of the labor supply: when the labor supply increases
(decreases), the tax rate on capital income is negative (positive) and the tax rate on
labor income is increasing (decreasing). Through these principles, the government
essentially attempts to tax consumption and leisure relatively heavily when they are

relatively high.

The marginal tax rates that individuals face in the U.S. also depend on age. This
follows from the progressivity of the U.S. tax code as well as the fact that earnings
vary over the lifetime of individuals. A comparison of the shape of the optimal income
tax profiles to the implied profiles from the data reveals that these profiles differ in
two important ways. First, capital income is taxed too heavily, especially at young
ages and during retirement. Second, although the labor income tax profile shares
the hump shape of the Ramsey tax profile, the peak occurs later in the data than
in the model. This discrepancy can be explained by the fact that the optimal labor
tax scheme depends on hours worked (or the labor supply), and the tax rates in a
progressive income tax system are an increasing function of earnings, which peak later

in life than hours worked.
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Finally, allocations under different progressive tax systems are compared to the
allocation obtained under taxes obtained from a Ramsey problem which imposes a
no debt restriction and restricts tax rates to be age-independent. Results indicate
that even if the progressivity of the tax code introduces additional distortions, a mild
degree of progressivity is preferred to flat progressive taxes. An important questions

left for future research has to do with the optimal degree of progressivity.
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Appendix A Proofs

Proof of Proposition 1.  Combining the consumer’s first order conditions for

consumption (3) and labor (4), for the non-trivial case of positive labor supply, implies

U

L

U,

= zjw; = 2w (1l — 7). (29)

This expression can then be compared to its analogue from the Ramsey problem.

Combining the government’s first order condition with respect to consumption (14)

to that with respect to labor (15), again assuming a positive labor supply, implies
1+ MU, + AUle§ _

_ = 2.0, 30
L+ N, + U, He 7Y (30)

Combining equations (29) and (30), the tax rate on labor income for an age-j indi-
vidual born in period ¢ is given by
NH! — H¢
T = —< J ])1' (31)
J 1+ A+ AH j
Since A is in general different from zero, this tax rate on labor income will be equal

: I __ c
to zero only if H; = H7.

Similarly, consider the consumer’s first order condition for consumption (3) at
age j and 7 + 1. Together with the consumer’s first order condition for asset hold-

ings (5) implies

€

=147
BUe s A (32)

=1+ (1—78)7

The government’s counterpart of (32) is obtained by using the ratio of the govern-
ment’s first order condition with respect to consumption (14) at age j and j + 1, as

well as the first order condition with respect to capital (13):

(1+ MU, + AU, Hf

— 147 33
1+ MU, + AU, ey (33)
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Dividing (32) by (33) gives

147 1+ A+ AHf
L+ (L—=7F )7 14+ X+ AMHS,

(34)

which implies that the optimal tax rate on capital income is different from zero unless
H$ = Hf,,.

The proof of the Proposition then follows directly from the definitions of HY and
H (equations (16) and (17)) under utility function (18). Since HS = —o —n/(1 —1;)

equation (34) can be re-written as

147 1+A+A—0—n/(1—-1))

_ . 35
Trr - TEA M=o —n/(1 = L) (35)
Notice that Tfﬂ > 0 if and only if
147 147
s LA (36)

Tr 1+ (1 =7k )7

From equations (35) and (36) follows that 7, > 0 if and only if ;;; < lj, which
proves the first part of the Proposition.

For the second part of the Proposition, notice that H Jl — Hf =1/(1 —1;). Equa-
tion (31) then implies that

o) = T
B A
SN AL = 0)(14+60) = Ao

It follows that the ratio [75°/(1 —7")]/[7}%/(1 — 7%,)] is bigger than one if and only

if lj_|_1 < lj. |

Proof of Proposition 2. TBW =
Proof of Proposition 3. TBW =
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Figure 1: Optimal tax rates over the lifetime of individuals
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Figure 2: Tax rates over the lifetime of individuals implied by the data
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Figure 3: Total income tax rates over the lifetime of individuals
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Figure 4: Capital income tax rates over the lifetime of individuals
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Figure 5: Labor income tax rates over the lifetime of individuals
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Figure 6: Labor earnings decomposition over the lifetime of individuals
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Figure 7: Average and Marginal Tax Rates from the Data
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Figure 8: Age-Independent vs Progressive Taxation on Total Income: p = 2.471
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Figure 9: Age-Independent vs Progressive Taxation on Labor Income: 7% = 9.92%,
p=0.333
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Figure 10: Age-Independent vs Progressive Taxation on Labor Income: 7F = 0%,
p=0.333
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Figure 11: Age-Independent vs Progressive Taxation on Labor Income: 7% = 40%,
p=10

Consumption and Leisure Profiles
12
1.0
g .
E] Consumption
(2]
o 08
-l
E //
S 06
g' Leisure
? 04
c
[«]
(3]
0.2
00 T T T T T T T T T T
21 26 31 36 41 46 51 56 61 66 71
Age

37



