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main directions over the last 20 years or so. On the one hand, there

is a large literature on optimal taxation. In the context of a standard
neoclassical growth model with infinitely-lived individuals, Chamley (1986)
and Judd (1985) 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 should be taxed in the
long run. On the other hand, most applied work concerned with the dynamic
impact of fiscal policy uses the life-cycle framework (Auerbach, Kotlikoff, and
Skinner [1983], Auerbach and Kotlikoff [1987], and many others, surveyed
in Kotlikoff [1998]). Unfortunately, the prescriptions that emanate from the
former framework do not necessarily generalize to the latter.

This article reviews the basic results obtained under both the infinitely-
lived agent model and the life-cycle model. The first section, which presents
a nontechnical introduction to the optimal taxation literature, discusses the
optimal taxation problem and the intuition behind the results obtained from
both types of models. Section 2 more formally presents the results for the
infinitely-lived agent model and Section 3 presents results for the life-cycle
economy.

The review of the literature presented here complements that of Chari and
Kehoe (1999) and Atkeson, Chari, and Kehoe (1999). The main focus of their

T he literature concerned with dynamic fiscal policy has evolved in two
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papers is on the infinitely-lived agent model. As the title of Atkeson, Chari,
and Kehoe’s article indicates, they emphasize that taxing capital is a bad idea.
Their conclusion, especially for life-cycle economies, is based on very special
cases. Our review suggests instead that there is no real consensus regarding
the optimal tax on capital income. Rather, we demonstrate several empirically
relevant settings in which optimal capital taxes are non-zero, both in the short
run and in the long run.

1. AREVIEW OF OPTIMAL TAXATION
Statement of the Ramsey Problem

The problem of finding the optimal manner in which to finance a given stream
of expenditures has a long tradition in public finance. The statement of the
optimal taxation problem given here follows Ramsey’s 1927 seminal paper,
which formally recognized that individuals and firms react to changes in fiscal
policy. When considering alternative fiscal policies, the government has to
take into account that individuals and firms will behave in their own best
interest, taking as given whichever fiscal policy the government has chosen.
Each fiscal policy implies a feasible allocation of goods and factor services,
along with prices, that fully reflects the optimal reaction of individuals and
firms; that is, each fiscal policy implies a competitive equilibrium allocation.
Given a welfare criterion, which the government uses to evaluate different
allocations, the Ramsey problem for the governmentis to pick the fiscal policy
that generates the competitive equilibrium allocation giving the highest value
of the welfare criterion.

An equivalent way of formulating the Ramsey problem is to let the gov-
ernment pick arallocation directly—rather than a set of tax rates—but to
restrict the set of allocations from which the government can choose. This set
of allocations can be constructed as follows. Pick an arbitrary fiscal policy.
Under this fiscal policy, the optimal behavior of individuals and firms gener-
ates a competitive equilibrium allocation. This allocation is one element in
the set of allocations from which the government can choose. We refer to
such an allocation as amplementable allocation: to implement this partic-
ular allocation as a competitive equilibrium, the government simply needs to
choose the fiscal policy that generated it. By repeating this process for all
possible fiscal policies, we can construct the set of all possible allocations that
the government can implement. The resulting Ramsey problem then consists
of picking, among all implementable allocations, the one that maximizes a

1Note, however, that many fiscal policies may generate the same competitive equilibrium.
This is the case, in particular, when the government has more tax instruments than are needed to
generate a particular allocation.

20r one of them if there are many.
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welfare criterion. In many situations, this alternative way of stating the Ram-
sey problem, referred to as tpeimal approach in the literature, turns out to
be much more convenient than the dual problem of choosing tax’rates.

The Ramsey problem poses some additional challenges when its focus
is on dynamic fiscal policies. Implicit in the statement of the problem is
the following sequence of actions by the government, individuals, and firms.
First, at initial date zero, the government announces a time path for the fiscal
policy instruments. Taking this path of tax rates as given, individuals and
firms then choose their paths of consumption, savings, leisure, and inputs in
order to maximize utility and profits. When we get to period one, however,
it is quite possible that the government will choose to revise its path of tax
rates if given the opportunity to do so. Furthermore, individuals and firms
will behave differently in period zero if they know that the government has an
incentive to modify the path of tax rates in the future. This problem, known
as thetime inconsistency of policies, is particularly severe in infinitely-lived
agent models, but it is also present in life-cycle econorhies.

Infinitely-Lived Agent Models

Two central prescriptions emerge from the solution to the Ramsey problem in
representative, infinitely-lived agent models. The first is that capital income
should not be taxed in the long run. This result makes sense if we understand
that a positive tax on the return from today’s savings effectively makes con-
sumption next period more expensive than consumption in the current period.
In infinitely-lived agent models, then, a positive (and constant) tax on capital
income in the steady state implies that the implicit tax rate of consumption
in future periods increases without bound. On the other hand, the relevant
elasticity of demand for consumption at all dates is constaFaxing dated
consumption at different rates thus violates the general public finance princi-
ple that tax rates should be inversely proportional to demand elasticities. It
follows that the capital income tax should be zero.

The second important aspect of optimal taxation in infinitely-lived agent
models stems directly from the time inconsistency of optimal policies dis-
cussed above. Prior to date zero, which is the date when the government
chooses the path of fiscal instruments, individuals presumably operate under

30n the primal approach, see Atkinson and Stiglitz (1980) and Lucas and Stokey (1983).

4The classic reference on time inconsistency of optimal plans is Kydland and Prescott (1977).

Sin general equilibrium, the relevant elasticity does not have a readily recognizable repre-
sentation. If the individuals’ utility function is additively separable over time, then this elasticity
depends on the intertemporal elasticity of substitution as well as some cross elasticity between
consumption and leisure. In any case, the fact that both consumption and leisure are constant in
steady state is sufficient to make this elasticity constant.
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the assumption that the old fiscal policy will last forever. As far as the govern-
ment is concerned, individuals’ previous actions translate into the economy’s
initial conditions at date zero, as summarized by individuals’initial asset hold-
ings (capital and government debt). Since these assets were accumulated in
the past, at date zero individuals will supply their capital to firms regardless
of the fiscal policy: this factor is inelastically supplied. As a result, taxing the
return on these assets perfectly imitates a (nondistortionary) lump-sum tax.
Without any restrictions on the size of that tax, it is efficient for the government
to tax initial asset holdings at confiscatory raftds.this way, the government

can finance its stream of expenditures through the return on the levied capital
and avoid distortionary taxes in the future. Indeed, if the return on that capital
is sufficiently large to finance all future government expenditures, a Pareto op-
timal allocation is achieved because there is no need to ever use distortionary
taxes.

The time inconsistency problem exists because when the government
switches to a new fiscal policy, individuals are “surprised” and cannot re-
act to the government’s action. As such, the time inconsistency problem and
the optimality of the front-loading policy are directly related. The former is
not, however, confined to the initial switch in fiscal policy. As long as the path
of taxes initially announced by the government involves distortionary taxes
at some future date, the government has an incentive to redesign its original
plan in order to take advantage of whatever lump-sum tax (capital levy) be-
comes available in the future. Economists have dealt with the general time
inconsistency problem by assuming that the government has access to some
commitment device, or eommitment technology, that allows the government
to commit itself once and for all to the sequence of tax rates announced at date
zero. In other words, the commitment technology prevents the government
from revising the path of fiscal instruments over time. The optimality of con-
fiscating initial holdings of financial assets, however, still remains an integral
part of the solution to the Ramsey problem.

To avoid this arguably trivial solution to the optimal taxation problem, it
is usually assumed that the government faces exogenous bounds on the size of
feasible tax rates. For example, Chamley (1986) assumes that tax rates have to
lie between zero and one. Chamley shows that the optimal policy under some
assumptions, with respect to preferences, entails taxing capital income at the
highest possible rate for a finite amount of time—while the lump-sum aspect
of this tax outweighs its distortionary cost—and setting the capital income tax
equal to zero thereaftérAlthough this exogenous upper bound assumption

6Similarly, it is efficient for the government to renege on all government debt outstanding
at date zero.

"In discrete time models, there is a period of transition during which the tax on capital
income is strictly between zero and one. There is no such transition period in Chamley’s original
result since it was derived in a continuous time model.
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may seem realistic, itis also completely arbitrary and has a pronounced impact
on the solution to the optimal taxation problem: The higher the bound is, the
more capital the government accumulates during the first few periods after the
switch in fiscal policy and the lower the tax rate on labor income individuals
have to face in the future, including the steady state. More generally, the
size of the bound determines the magnitude of the welfare gains achieved by
switching to the taxes prescribed by the Ramsey problem.

Life-Cycle Economies

The result developed above holds because the elasticity of consumption ex-
penditures exhibits steady state constancy. In turn, this elasticity is constant
precisely because consumption and leisure are themselves constant in steady
state, which need not be the case in life-cycle econofnladact, one of the

main reasons why economists use the life-cycle model is precisely because
observed lifetime consumption and leisure profiles are not flat. Because the
behavior of individuals has this life-cycle pattern, there is no reason to expect
the relevant consumption elasticities to be constant.

It follows from this reasoning that consumption at different ages should
be taxed at different rates. Alternatively, capital income should be taxed or
subsidized at rates that depend on the age of the individual supplying the
capital® Through a similar argument, optimal labor income tax rates also
vary with the age of the individual supplying labor. Although these arguments
indicate that the relative capital and labor income tax rates should vary over
the lifetime of individuals, they leave open the question of how to determine
the level at which these tax rates should be set. We will return to this question
below.

The choice of a welfare function to evaluate different implementable al-
locations is not as straightforward in life-cycle economies as it is in infinitely-
lived agent models. The fact that standard infinitely-lived agent models are
populated by a single representative individual dictates that the benevolent
government or planner would use the representative agent’s utility function as
the welfare function. A life-cycle economy, however, involves many hetero-
geneous agents: each generation has (at least) a representative member, and a
new generation is born every period. At a minimum, relative weights need to
be assigned to each individual. It is usually assumed that these weights take

8 This remains true even in infinitely-lived agent economies with heterogeneous consumers.
See Judd (1985) for details.

9Recall that taxing consumption tomorrow more (less) than today is equivalent to taxing
(subsidizing) capital income tomorrow.
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the form of a discount factor, so that the planner places an ever decreasing
weight on future generatiort§.

Irrespective of the precise form of these welfare weights, the impact of a
capital levy is very different in a life-cycle environment than in an infinitely-
lived agent economy, simply because a capital levy explicitly involves a re-
distribution between generations: The individuals on whom the burden of a
capital levy falls are different from those who benefit from lower distortionary
taxation in the future. For example, consider the impact of confiscating the
assets of a (possibly retired) individual who, at date zero, is in his last period
of life. Under this front loading policy, this individual's consumption would
be very low (it may be zero) and so would his utility; his utility is not af-
fected by the lower tax rates that future generations would face. Since this
individual’s utility has a positive weight in the welfare function, the value of
the government’s objective would be driven down considerably by the front
loading policy. This is not to say that the government would not tax initial
assets at all, but rather that the extent to which the government will do so is
limited, at least relative to what is optimal in infinitely-lived agent models.
Accordingly, there is no need to impose arbitrary bounds on feasible tax rates
in life-cycle economies.

Recall that the level of the long-run labor income tax in the infinitely-
lived agent model is a function of these exogenous bounds on feasible tax
rates. The size of these bounds determines how much capital the government
accumulates during the transition, and thus the tax revenue that needs to be
collected in the long run and the tax rate on labor income. Since there is no
need to impose such bounds in life-cycle models, what, then, determines the
tax revenue that needs to be collected in the long run? The answer lies in the
weights that the planner puts on different generations. Inthe usual case, where
these weights are represented by a discount factor, the steady-state amount of
government debt and the amount of tax collection are entirely driven by the
size of the discount factor. A relatively low discount factor indicates that
the government puts low weights on future generations relative to current
generations. In such cases, the government will tend to have a relatively high
amount of accumulated debt in the long run and will need to collect a relatively
high amount of taxes. Similarly, a high discount factor implies low (or even
negative) government debt and that a small amount of taxes is to be collected.

10Npote that these weights have to get smaller over time—they have to converge to zero—for
the welfare function to be well defined. For example, if all generations had the same weight, all
(positive) allocations would give the same welfare value (infinity).
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2. AN INFINITELY-LIVED AGENT ECONOMY

Consider an economy populated by a large number of identical individuals
with infinite lives!! Each period, individuals are endowed with one unit
of productive time. The representative individuals’ preferences are ordered
according to the following utility function

> BU.1-1)). (1)
=0

Equation (1) expresses that in each period of their infinite lives, individuals
care about consumption, denotedand leisure(1—1,); the latter corresponds

to the total endowment of time minus time devoted to wégk The discount
factor 1> B > 0 is used by individuals to discount utility in future periods
to utility in the current period. We assume that the utility functi@nis
strictly increasing in both arguments, is strictly concave, and satisfies the
standard Inada conditiod$. Two commonly used algebraic forms for the
utility function will be considered in the text. The first is a utility function
which isseparable between consumption and leisure:

1-o

U(c,l—l):lc LVA-1), )

— 0
where the functionV satisfies the above stated conditions arid is the
intertemporal elasticity of substitution, which measures the degree to which
individuals are willing to substitute consumption over time. The second func-
tional form we consider is &obb-Douglas utility function:
1-o
U(C,l—l):ﬂ, (3)
l1-0

wheren = 6(1 — o). In equation (3), 1o has the same interpretation as it
did under the separable utility function afitheasures the intensity of leisure
in individuals’ preferences.

Each period, individuals face the budget constraint

¢+ ar = wily + A+ ray, (4)

wherew;, is the after-tax wage rate, is the after-tax interest rate, and ; is
the amount of resources carried over from periad periods + 1. Letting
p: be the Lagrange multiplier on the timeésudget constraint, the first order

111his section draws from Atkeson, Chari, and Kehoe (1999).

12The Inada conditions state that the marginal utility of consumption or leisure is very high
(low) at very low (high) consumption levels, that is, imoU(c,1—1) =1lim;1U(c,1—1) = o0
and lim.— o0 U(c,1—1) = 0. Note that leisure time cannot exceed one since working time cannot
be negative.



30 Federal Reserve Bank of Richmond Economic Quarterly

conditions for individuals are

B'U, —p =0, (%)
,BtUl, + pw; =0, (6)
—pi+ QA +rp)pi1 =0, (7)

whereU,, andU;, denote the derivative df with respect ta, andl, respec-
tively, that is, the marginal utility of consumption and leisure. One could
use these conditions to obtain the optimal consumption and leisure demands
of individuals. Naturally, these demand functions would depend on the fis-
cal policy chosen by the government, and they would represent the reaction
functions that the government takes into account when formulating a Ramsey
problem. We show below that these first order conditions can be used not only
to construct the budget constraint but also to construct a constraint that can be
imposed on the government when formulating a Ramsey problem where the
government chooses allocations rather than tax rates.

There is a single produced good in our economy that can be used as
consumption (private or public) or capital. For the goods-producing sector of
our economy, we assume that the input-output technology is represented by a
neoclassical production function with constant returns to seale, f (k;, [,),
wherey,, k;, andl, denote the aggregate (or per capita) levels of output, capital,
and labor, respectively. Profit maximization by firms implies that capital and
labor services are paid their marginal products: before-tax prices of capital
and labor in period are given byr, = f;, — 8, where 0< § < 1is the
depreciation rate of capital, ang = f;,.

Feasibility requires that total (private and public) consumption plus in-
vestment be less than or equal to aggregate output

¢+ kiy1 — A —0)k: + & = Y1, (8)

whereg, stands for date-government consumption and all aggregate quanti-
ties are expressed in per capita terms.

To finance its given stream of expenditures, the government has accessto a
set of fiscal policy instruments and to a commitment technology to implement
its fiscal policy. The set of instruments available to the government consists of
government debt and proportional taxes on labor income and capital iféome.
The dater tax rates on capital and labor services are denotetf landz?,
respectively. In per capita terms, the government budget constraint at date
is given by

A+7)b 4 g = b1 + (7 — r)a, + (W, — w)ly, 9
1311 this framework, consumption taxes need to be ruled out to make the problem interesting

since they can be used in conjunction with labor income taxes to perfectly imitate a levy of initial
holdings of assets. See Chari and Kehoe (1999) for details.
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whereb, represents government debt issued at date, = (1 — ;")

andr, = (1 — t%)7,. Equation (9) expresses that the government pays its
expenditures, which are composed of outstanding government debt payments
(principal plus interest) and other government outlays, either by issuing new
debt, by taxing interest income, or by taxing wage income.

In the spirit of Ramsey, the government takes individuals’ optimizing
behavior as given and chooses a fiscal policy to maximize a given welfare
criterion. Since there is but a single representative agent in this economy, a
natural way for the government to evaluate different allocations is to use the
representative individual's utility function. If we let denote a fiscal policy
and denote, (;r) andl, (;r) the solution to the consumer problem as a function
of the fiscal policy, then the Ramsey problem is

ngne}tx; B'U(c/(), 1 — L, (), (10)

subject to feasibility (8) and the government budget constraint (9) foralD.

This Ramsey problem corresponds to the dual. Note that the problem is fairly
difficult to analyze because any tax instrument enters all demand functions.
Given this difficulty, the primal approach is much more tractable.

The Primal Approach

To construct a Ramsey problem where the government chooses allocations
rather than tax rates, we must restrict the set of allocations from which the
government can choose. This set should include only allocations that are
competitive equilibrium under some fiscal policy. To construct this set, we
use the fact that for any given fiscal policy, the competitive equilibrium must
satisfy the consumer’s optimality conditions, including the budget constraint,
as well as those of the firm. Using these optimality conditions, we can derive
a condition that competitive equilibria must satisfy.

Our first step is to iterate on the budget constraint (4) to express this
sequence of constraints as a single, present-value budget constraint

oo t

1
Z l_[ m (¢ — wily) = (1 + ro)ao. (11)

t=0 | j=1

The term inside the square brackets is a shorthand to express the multiplication
of many termsi—_lH in this case. Next, the consumer’s first order conditions (5)
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through (7) imply

t
1
= , 12
Pt/ Po E[l 11 r; ( )
U
w, = U:. (13)

Using equations (5), (12), and (13) we can rewrite the present value budget
constraint (11) as

> B Ueci + Uyl = Ao, (14)
t=0

whereAg = (1+ro)U,,a0, 7o = (L— )7 andzf is taken to be fixed to make
the problem interesting.

Equation (14) is referred to as timplementability constraint. It can be
shown that any competitive equilibrium allocation has to satisfy this constraint,
and that any feasible allocation satisfying the implementability constraint is
a competitive equilibrium (see Chari and Kehoe [1999] for details). Impos-
ing this constraint on the government’s problem accomplishes exactly what
we wanted: It ensures that any allocation picked by the government can be
implemented as a competitive equilibrium.

We can now state the Ramsey problem in terms of allocations. This prob-
lem consists of maximizing welfare, given by the representative consumer’s
utility function (1), subject to feasibility (8) and the implementability con-
straint (14). Note that by Walras’s law, if the individual’s present value budget
constraint (11) holds under a feasible allocation, then the government’s bud-
get constraint (9) is also satisfied. Lebe the Lagrange multiplier on the
implementability constraint (14) and define the pseudo-welfare funétion
include the implementability constraint

W, =U(e¢;, 1-1) + )\(Uc,Ct + Ul,lz)- (15)

The multipliera will be strictly positive if it is necessary for the government to
use distortionary taxation. The term multiplyirg@ssentially gives a bonus to
datet allocations that bring in extra government revenues, thereby relieving
other periods from distortionary taxation, and the same term imposes a penalty
in the opposite situation. The Ramsey problem, in terms of allocations, is

max W; — LAy, 16

(el k1) 0 Z IB ! 0 ( )
subject to feasibility (8). The form the above problem takes,pttieal, is

very similar to a first-best planning problem except that the pseudo-welfare
function replaces the utility function.
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Prescriptions

Using the primal allows us to characterize optimal fiscal policies. With few ex-
ceptions, our focus will be on the capitalincome tax. The first order conditions
for an optimum imply*

W, U[1+r1+H)]

B =i 17
W, U itadrHO (17)
We U, [1+ A1+ H)]
o — t - = 1+ -5 , 18
WC1+1 Uc,+1[1 + 11+ Ht‘+1)] B( fkr+1 ) ( )
forr=1,2,..., where
UC C, U Cl
HE = .0 Ct + Il ¢ t’ (19)

t
U,

Ue .0 + U1l

U, '
Equation (17) equates the government’s marginal rate of substitution between
consumption and leisure at dat® the marginal product of labor of that date.
Similarly, equation (18) sets the government’'s marginal rate of substitution
between consumption today and consumption tomorrow equal to the return
on capital (net of depreciation). Note that the government’s marginal rate of
substitution, unlike that of an individual, takes the implementability constraint
into account. Also, the government cares about before-tax prices, whereas
individuals face after-tax prices.

Atkeson, Chari, and Kehoe (1999) refer to the tefiisand H' asgeneral
equilibrium elasticities since they capture the relevant distortions for setting
the capital and labor income tax rates in general equilibrium. Notice that if
Hf = Hf ,, then equation (18) implies that

Htl = (20)

U .
U_t =BA+ fip —8) = A+ 110 (21)

Cr+1

This condition is of particular interest, for whéff = Hy,_,, the tax on capital
income in period+1is zero. To observe this result, notice that the consumer’s
first order conditions (5) and (7), which the Ramsey allocation has to satisfy,
imply that

U, .
g =Bl =B+ (1 Tt DF). (22)

Cr+1
For both equations (21) and (22) to hokﬁ+l must equal zero. Similarly, if
H¢ = H!,the tax rate on laborincome has to be equal to zero for the optimality

14Note that the first-order conditions at time zero are different from the above equations
since consumption at date zero appears inside the tggm
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condition in order for the labor decision of individuals;,/U., = w,) to
be compatible with that of the government (equation (17)). We have just
demonstrated the following proposition:

Proposition 1 In our infinitely-lived agent model, (i) the optimal tax rate on
labor income at date ¢ is different from zero unless H¢ = H/, and (ii) the
optimal tax rate on capital income at date ¢ + 1 is different from zero unless
Hf = Htc-i-l'

Chamley’s (1986) celebrated result on the optimality of not taxing capital
in the long run follows directly from Proposition 1. Suppose that the Ram-
sey allocation converges to a steady state where consumption and leisure are
constant by definition. It follows immediately that in such a steady state, the
function H is also constant, which implies that the optimal capital income
tax is zero in the long run.

Proposition 1 also implies that for utility functions that are separable in
consumption and leisure (so th@t, = 0) and have a constant intertemporal
elasticity of substitution (so thaf. .c/ U, is constant), the capital income tax
should be zero in all but the first period. Of course, capital should be taxed at
a confiscatory rate in the first period regardless of preferences since this tax
perfectly imitates a lump-sum tax.

Proposition 2 Under utility functions of the form given by (2), the optimal
capital income tax in our infinitely-lived agent model is zero for ¢ > 1.

Chamley also shows, under the same separable utility function, that im-
posing a bound on feasible tax rates implies the following for the optimal
tax on capital income: The tax rate should be equal to the upper bound for a
finite amount of time, after which it should be equal to zero. In discrete time
models, there is a period between the two regimes where the tax rate is strictly
between zero and the upper bound. The intuition for this result is that taxing
capital income has two effects. While the capital income tax partially imitates
a lump-sum tax because the initial stock of capital is given, it also introduces
a distortion on the savings decision. As a result, the lump-sum aspect of the
tax dominates for periods sufficiently close to date zero, and the distortionary
aspect of the tax dominates thereafter.

The intuition for the above result remains intact under more general utility
functions, in the sense that early taxation of capital income is preferred to later
taxation. It is less clear, however, whether capital income should be taxed
throughout the transition. In particular, for the Cobb-Douglas utility function
(3), the optimal capital income tax is zero only in the long run.
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3. ALIFE-CYCLE ECONOMY

We now consider a life-cycle econortiy. This economy is similar to the
infinitely-lived agent economy considered in Section 2, except it is populated
by overlapping generations of individuals with finite lives. Individuals still
make consumption and labor/leisure choices in each period so as to maximize
their lifetime utility, and firms still operate a neoclassical production technol-
ogy. The payments received by individuals on their factors (capital and labor)
are subject to proportional taxes, which we now assume can be conditioned
on age.

Individuals live ( + 1) periods, from age 0 to age At each time period,
anew generation is born and is indexed by date of birth. At date zero, when the
change in fiscal policy occurs, the generations aliveafe—J +1,...,0.

In order to take these initial generations into account in the following analysis,
it will prove convenient to denote the age of individuals alive at date zero by
Jjo(t). For all other generations we sgf(z) = 0, so that for any generation

t, jo(t) = max{—t, 0}. One can thus think ofy(¢) as the first period of

an individual’s life affected by the date zero switch in fiscal policy. We let
w; = 1/(J + 1) represent the share of agendividuals in the population.
The labor productivity level of an aggindividual is denoted ;.

We letc, ; andl; ;, respectively, denote consumption and time devoted to
work by an agey individual who was born in period Note thatc, ; and/; ;
actually occur in periodt(+ j). Similarly, the after-tax prices of labor and
capital services are denoted ; andr, ;, respectively. The problem faced by
an individual born in period > —J is to maximize lifetime utility subject to
a sequence of budget constraints:

J
U'() = max Z BITROU (¢, 1, 1—1,.)), (23)

J=Jjo(t)

St o j+anjri=w izl +QA+raj, j=jot),....J. (24)

This problem mimics the consumer’s problem from Section 2, except for
the need to index all variables by age. We deriétér) the indirect utility
function, that is, the maximum lifetime utility obtained by an individual from
generatiorr under fiscal policyr.

Let p, ; denote the Lagrange multiplier associated with the budget con-
straint (24) faced by an aggindividual born in period. The necessary and
sufficient conditions for a solution to the consumer’s problem are given by (24)

15This section draws from Erosa and Gervais (2000).
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and
IBJ'*J'O(Z)UCU_ —prj= 0, (25)
BIPOU, 4 pjw,jz; <0, with equality if/, ; >0, (26)
—pij+ prjrr(l+rj11) =0, (27)
a; 41 =0, (28)
j=Jjo(®),...,J,whereU, ; andU, ; denote the derivative df with respect

to ¢, ; andl, ;, respectively®

The feasibility constraint is still given by (8). However, the datag-
gregate levels of consumption and labor input—the latter being expressed in
efficiency units—are now obtained by adding up the weighted consumption
(or effective labor supply) of all individuals alive at datevhere the weights
are given by the fraction of the population that each individual represents:

J

Cr = § lu/jclfj,jv
j=0
J

lt = E M]Zjlt—J,]
Jj=0

The set of instruments available to the government consists of govern-
ment debt and proportional, age-dependent taxes on labor income and capital
income!’ The dater tax rates on capital and labor services supplied by an
age5 individual (born in period{ — j)) are denoted by:, candt)
respectively. In per capita terms, the government budget constralnt at date
t > 0is given by

(1+’at)bt + g =

J J
bes+ Y o= rioj i+ (e —wij pujzili-j . (29)
j=0 j=0

wherew, ; = (1 -t} )iy, andr, ; = (1 -t} ),;;. Equation (29) has
exactly the same interpretation as equation (9) in the infinitely-lived agent
model.

16\we assumed in Section 2 that the labor supply was always between zero and one. In the
context of a life-cycle economy, however, the labor supply can realistically hit a corner solution
if labor productivity gets sufficiently small. For example, individuals may become less productive
as they age and choose to retire.

17 Recall that consumption taxes had to be ruled out in the infinitely-lived agent model be-
cause they could perfectly imitate a levy of initial holdings of assets. Because the government’s
incentive to confiscate initial holdings of assets is endogenously limited in life-cycle economies,
we could allow for consumption taxes. However, it can be shown that a consumption tax would
be a redundant instrument. See Erosa and Gervais (2000) for details.
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Because of the presence of many heterogeneous individuals in this econ-
omy, the choice of a welfare function is not as straightforward here as it is
in the infinitely-lived agent model. Below, we assume that social welfare is
defined as the discounted sum of individual lifetime welfares (as in Samuelson
[1968] and Atkinson and Sandmo [1980]). In other words, the government
chooses a sequence of tax rates in order to maximize

Y YU, (30)

t=—J

where 0< y < 1lis the intergenerational discount factor aidx), as was
defined earlier, is the indirect utility function of generatiomas a function

of the government tax policy. As was the case with the infinitely-lived agent
model, itis much easier to characterize optimal fiscal policies using the primal
approach.

The Primal Approach

As before, we need to impose restrictions so that any allocation chosen by
the government can be decentralized as a competitive equilibrium. In life-
cycle models, each generation has its own implementability constraint. The
implementability constraints are obtained by using the consumers’ optimal-
ity conditions (25) through (27) and acknowledging the fact that factors are
paid their marginal products to substitute out prices from consumers’ budget
constraints (24). After adding up these budget constraints, the resulting im-
plementability constraint associated with the cohort born in periedjiven
by
J
D BTOWe e+ Uyl = Ao, (31)
j=Jo(®)

whereA, j,i) = Ue, (L + 11 jow)ar jow- It should be emphasized that im-
plicit in this implementability constraint is the existence of age-dependent tax
rates. Additional restrictions need to be imposed for an allocation to be imple-
mentable 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.

The Ramsey problem in this life-cycle economy consists of choosing an
allocation to maximize the discounted sum of successive generations’ utility,
subject to each generation’s implementability constraint (31) as well as the
feasibility constraint (8) for =0, ...:

o0
max Y y'W.

J
[{C[-j’l’-j}j:jo(,)ka+./+1inj t=—J
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The pseudo-welfare functioW; is defined as in Section 2 to include genera-
tion ¢’'s implementability constraint in addition to its lifetime utility. If we let
y'A; be the Lagrange multiplier associated with generatmimplementabil-

ity constraint (31), then the functio, is defined as

J
Wt = Z ﬁj_jO(t) [U (C,’j, 1 — lt,j) + )\Z(Uc,_jcl,j + U[r,jll,j)]
J=Jjo(®)

= MAjow- (32)

As was the case in the infinitely-lived agent model, the government budget
constraint (29) has been omitted from the Ramsey problem since it has to hold
by Walras’s law.

Prescriptions

In this section we show that the solution to the Ramsey problem generally
features non-zero tax rates on labor and capital income and demonstrate how
these rates vary with age. In particular, and in contrast with infinitely-lived
agent models, if the Ramsey allocation converges to a steady state solution,
optimal capital income taxes will in general differ from zero even in that steady
state. Although the main results of this section hold more generally, we will
restrict attention to steady states for ease of exposition.

Let y’¢, denote the Lagrange multiplier associated with the tirfesasi-
bility constraint (8). The steady state solution is characterized by the following
equations:

1)y =1—-8+ fi, (33)
W,  Uy[l+rd+HD] : o
“We = U LA ED) <z;f;, withequalityifl; >0, (34)
cj Cj J
W, _ Ui [1+ 211+ Hjc)] — fit+1-s, (35)
Wern  BU L1+ 1A+ HE, )]
where
Uc-c- +Ucl
HE = = JC/U ety (36)
Cj
Ueiuci + U1l
H[ _ jaliCJ joti J’ 37
! 0 (37)

J
as well as the feasibility and implementability constraints (8) and (31).

The first order condition with respect to capital, equation (33), implies that
the solution to this Ramsey problem has the modified golden rule property:
The marginal product of capital (net of depreciation) equals the discount rate
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applied to successive generatiqdgy — 1) (see Samuelson [1968]). Equa-
tion (34) equates the government’s marginal rate of substitution between con-
sumption and leisure of an agendividual to the effective marginal product of
labor of that same individual. Similarly, equation (35) sets the government’s
marginal rate of substitution between consumption today and consumption
tomorrow equal to the return on capital (net of depreciation).

We now derive necessary conditions under which the Ramsey allocation
features zero taxation of either labor or capital income. Any optimal fiscal
policy has to satisfy the consumer’s optimality conditions, and we derive
the necessary conditions by comparing the optimality conditions from the
consumer’s problem to those of the Ramsey problem.

Combining the consumer’s first order conditions for consumption (25) and
labor (26), and applying them to the nontrivial case of positive labor supply,
we obtain

U[j _ _ A 1 w 38

U, =zjw;j = z;w(l —77), (38)
which corresponds to the usual optimality condition that the marginal rate of
substitution between labor and consumption be equal to the relative price of
labor faced by the consumer. Compare equation (38) to its analogue from
the Ramsey problem (34). Using the fact thiat= f;, the tax rate on labor
income for an agg-individual is given by

l
o A(H] —H;)‘
J 1+A+AH;

Sincea is generally different from zero, this tax rate on labor income will be
equal to zero only it} = HY.

The same logic applies to the tax rate on capital income. For this case,
consider the consumer’s first order condition for consumption (25) ajj age
and; + 1. Using the consumer’s first order condition for asset holdings (27),
we get

(39)

i
p UC/+1

Equation (40) corresponds to the usual intertemporal condition that sets the
marginal rate of substitution between consumption today and consumption
tomorrow equal to the relative price of the same commodities, which is equal
to the gross interest rate. The government’s counterpart of (40) is given by
equation (35). Using these two equations and the factrthat f;, — 8, we
obtain

=1+r=1+0-k )7 (40)
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147 14+ AHS
1+ (A —t5,)F  LHA+aHS,

which implies that the tax rate on capital income is different from zero unless
Hj = H; . These results are summarized in the following proposition.

(41)

Proposition 3 In our life-cycle economy, (i) the optimal tax rate on labor
income at age j isdifferent from zero unless H]’. = H7, and (ii) the optimal tax
rate on capital income at age j + 1 isdifferent fromzero unless H; = H,;

Proposition 3 is very similar to Proposition 1, but with age of individuals
replacing the time period. Essentially, prescriptions that hold in the transition
of infinitely-lived agent models hold in the steady state of life-cycle economies.
Since zero-capital income tax is merely a special case in the transition of
infinitely-lived agent models, we should expect the same prescription in the
steady state of life-cycle economies.

The intuition as to why the celebrated Chamley-Judd zero-capital tax result
does not extend to life-cycle economies should be clear. Since consumption
and leisure are constant in the steady state of infinitely-lived agent models,
H¢ is constant; thus, zero-capital income taxation is optimal regardless of the
form of the utility function. In contrast, consumption and leisure are generally
not constant over an individual’s lifetime in life-cycle models, even in steady
state. Thereisinfactnoreasontoexpéft= H;, ,, and consequently capital
income taxes will generally not be equal to zero in the long run. Obviously,
if the economy is specified so that individuals’ behavior features no life-cycle
elements, i.e., labor supply and consumption are independent of age, then
optimal taxation works as in infinitely-lived agent models in the sense that
capital income is not taxed.

Proposition 4 In our life-cycle model, if (i) z; =z, j =0, ..., J and (ii)
y = B, thenitisnot optimal to tax capital income in the long run.

The proof of Proposition 4 is fairly intuitive. From the first order con-
dition with respect to capital (33), when = g, the steady state return on
capital coincides with individuals’ rate of time preference, ifg— 8§ =7 =
1/y —1=1/8 — 1. The consumer’s optimization conditions (25) through
(27) then imply that, given a constant productivity profile, consumption and
leisure do not depend on age in steady state. In turn, the absence of life-cycle
behavior implies that the functiol{ does not depend on age, which, follow-
ing Proposition 3, is sufficient for the optimal capital income tax rate to be
zero in steady state.

Proposition 4 is a generalization of a result in Atkeson, Chari, and Kehoe
(1999) that they use to prescribe zero-capital income taxation in overlapping
generations economies. It should be noted, however, that the conditions stated
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in Proposition 4 have empirically unappealing implications. In particular, they
imply that individuals consume their labor earnings period by period. As a
result, individuals do not accumulate any assets and the entire stock of capital
is owned by the government.

Optimal capital income taxes are also zero when preferences are such that
uniform commodity taxation over the lifetime of individuals is optimal. The
separable utility function (2) is one form under which the capital income tax
is zero. Because this utility function is separable in consumption and leisure
(so thatU,., = 0) and has a constant intertemporal elasticity of substitution
(sothatU,. .c/U. is constant), the general equilibrium elasticity (the function
H¢) is constant. Relative to Proposition 2, the general equilibrium elasticity
here is not only independent of time but of age as well.

Proposition 5 Under utility functions of the form given by (2), the optimal
capital income tax in our life-cycle model is zero for r > 1.

Proposition 5, combined with Proposition 2, sounds like good news. If we
were confident that individuals’ preferences were reasonably well represented
by utility functions that are separable in consumption and leisure, then we
would be reasonably confident that prescribing zero-capital income tax was
the right thing to do. There is, however, an important caveat: The result in
Proposition 5 relies heavily on the government’s ability to age-condition tax
rates. If the government were constrained to use tax rates that are indepen-
dent of age, then the optimal capital income tax would no longer be'2ero.
Furthermore, applied work in public finance is usually conducted with utility
functions that are not separable in consumption and lefSure.

Under the Cobb-Douglas utility function, it is straightforward to show that
optimal capital income taxes in this case are zero in the long run only under
very restrictive conditions, as stated in Proposition 4. The principles guiding
the optimal manner in which to tax capital over the lifetime of individuals are
stated in the following proposition:

Proposition 6 For utility function of the form given by (3), the tax rate on
capital income at age j + 1ispositiveif and onlyif/;;1 < [;.

18AIthough showing this result is beyond the scope of this paper, the intuition is that the
government will use a non-zero capital income tax to imitate the optimal age-dependent labor
income tax (see Erosa and Gervais [2000] for details). Alvarez, Burbidge, Farrell, and Palmer
(1992) derive a similar result in a partial equilibrium setting. This type of finding is reminiscent
of results in Stiglitz (1987) and Jones, Manuelli, and Rossi (1997), where the government taxes
capital income when it is constrained to use tax rates that are independent of individuals’ skill
levels.

19 auerbach and Kotlikoff (1987), for example, use a nested CES utility function with in-
tertemporal elasticity of substitution equal to 0.25 and intratemporal elasticity of substitution equal
to 0.8. Both elasticities would have to be equal to unity for the CES utility function to be sep-
arable in consumption and leisure.
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Proof. The proof follows directly from the definitions df; (equation (36))
under utility function (3). Since?; = —o —n/(1 - 1;) we can rewrite
equation (41) as

147 1+i+r(—0 —n/A—1))

= . (42)
1+rjpa 142+ A(—0—n/A—1j1)
Notice thatr!,, > 0 if and only if
1+7 1+7
+r T 1 (43)

T4rjp 1+@—7h P

From equations (42) and (43), we obtain th?;[l > Oifandonlyifl; 1 <.
|

By taxing (subsidizing) capital, the government makes consumption and
leisure in the future more (less) expensive than today. Proposition 6 suggests
the government uses capital income taxes to smooth individuals’ leisure and
consumption profiles over their lifetimes. 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 tomorrow. By doing so, the
government gives individuals an incentive to consume more and save less
today, and thus to consume less tomorrow.

An implication of the principle of optimal taxation developed in Propo-
sition 6 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 retirementis taxed indirectly because
the return on savings is taxed prior to retirement.

4. CONCLUSION

We have reviewed optimal taxation in both an infinitely-lived agent model and

a life-cycle economy. Our review shows that there is no consensus regarding
the optimal tax on capital income. Although the optimal capital income tax
is invariably zero in the long-run equilibrium of infinitely-lived agent mod-
els, the conditions under which that is the case in life-cycle economies are
very stringent. Even under a separable utility function, the capital income tax
will only be zero if the government has access to age-dependent labor income
taxes. Furthermore, both models suggest that capital income should be taxed
at non-zero rates during the transition unless individuals have separable pref-
erences between consumption and leisure. Thus, the strong conclusions and
recommendations of much of this literature must be treated with caution.
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