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Abstract

Most Ramsey models prescribe that capital taxes should be zero in the long run (Cham-
ley 1986, Judd 1985). We propose a new argument for Chamley-Judd result that relies on
the government’s ability to reallocate distortions over time. Our argument translates into
the following principle: if it is possible for the government to front-load all distortions,
there will be no permanent intertemporal wedge. The principle is very general and applies
to a very large class of Ramsey models. In particular, it delivers predictions on distortions,
not merely taxes.

*The views expressed here do not necessarily reflect the views of the Federal Reserve Bank of Philadelphia
or the Federal Reserve System. Contact: Stefania.Albanesi@columbia.edu and Roc.Armenter@phil.frb.org.



1 Introduction

The optimal setting of fiscal policies is a fundamental question in macroeconomics. The Ramsey
approach is perhaps the most popular framework to explore this problem. This paradigm
applies the tools of public finance in a dynamic general equilibrium setting. A benevolent
government sets fiscal policy once and for all at an initial date. Fiscal policy consists of a
combination of distortionary taxes on factor income or commodities. In particular, lump sum
taxes are ruled out by assumption.

A key lesson from public finance is that distortions should be optimally spread across all
margins. Yet, the vast majority of Ramsey models prescribe that capital taxes should be zero
in the long run so there are no permanent distortions in the intertemporal margin, even as
distortions persist along other margins. Chamley (1986) and Judd (1985) were the first to
demonstrate this result in a deterministic setting. The absence of permanent intertemporal
distortions in the optimum is very robust. Atkeson, Chari and Kehoe (1999) show that it holds
in a broad class of deterministic economies. Zhu (1992) confirms this finding for representa-
tive agent economies with aggregate risk and Farhi (2006) extends the result to incomplete
markets.! Aiyagari (1995) derives the result in an economy with idiosyncratic risk with incom-
plete insurance and borrowing constraints.? Given its generality, the absence of permanent
intertemporal distortions has defined the conventional wisdom on the properties of optimal
policies.?

The main goal of this paper is to deepen the understanding of intertemporal distortions
in Ramsey taxation models. To this end, we propose a new argument for the Chamley-
Judd result that relies on the government’s ability to reallocate distortions over time. The
reasoning can be heuristically described as follows. Consider a candidate optimal policy with
a permanent intertemporal distortion corresponding to a positive capital tax in steady state.
The wedge between the intertemporal rate of substitution and the return to capital implies that
a reallocation of consumption from current to later periods would have first order welfare gains.
Such a reallocation can be achieved by changing the timing of intratemporal distortions. For
example, the government could raise labor taxes today to finance a tax cut in future periods.
In a steady state, the direct welfare effects of the labor tax changes offset each other. Hence,
the net welfare effect is the gain from the intertemporal reallocation of consumption. This
contradicts the optimality of the candidate policy. A similar argument can be constructed if
the candidate optimal policy features a capital subsidy.

This argument translates into the following principle: If it is possible for the government
to front-load all distortions, there will be no permanent intertemporal wedge. This reason-
ing departs from the most common interpretation of the Chamley-Judd result based on uni-
form commodity taxation. Since a permanent capital tax is equivalent to an ever-increasing

'With aggregate risk, the optimal intertemporal wedge is or fluctuates around zero in the long run.

’In Aiyagari (1995), aggregate capital converges to the first best and individual intertetemporal wedges
fluctuate around zero.

3The result fails in models with incomplete factor taxation, as shown in Correia (1996) and Jones, Manuelli,
and Rossi (1997). Lansing (1999) presents an economy with a balanced budget constraint on the government
and heterogeneous agents in which capital tazes are not zero in the long run under logarithmic utility.



consumption tax, the uniform commodity taxation principle suggests that it should be zero.
However, this logic is limited. While uniform commodity taxation requires weak separability
between consumption and leisure?, the absence of intertemporal distortions in the steady state
does not hinge on the properties of preferences. Moreover, economies with private informa-
tion, perhaps the best known example of permanent intertemporal distortions, satisfy uniform
commodity taxation, as shown in Golosov, Kocherlakota and Tsyvinski (2003).

The notion that the absence of permanent intertemporal distortions depends on the ability
to front-load distortions is very general. For one, the argument can be formulated for a very
large class of Ramsey models. The presence of aggregate uncertainty, incomplete markets or
additional frictions does not alter the structure of the proof. Moreover, the argument is more
general since it delivers predictions on distortions, not merely taxes. There are several exam-
ples of economies where the capital tax is different from zero in the steady state but there are
no permanent intertemporal distortions. One well known case is Aiyagari (1995). Under the
optimal policy, aggregate capital attains the first be level while the individual intertemporal
wedge fluctuates around zero. To implement this allocation, a positive steady state capital
tax is necessary. Thus, the borrowing constrained agents face a negative intertemporal wedge,
whereas the unconstrained agents face a positive wedge. Another notable example is Erosa and
Gervais (2000). They analyze an overlapping generations economy in which capital taxes or
subsidies are typically needed to implement the optimal allocation, but there are no permanent
intertemporal distortions. A capital income taxes may be required to ensure that the social
discount factor is equated to the marginal return to aggregate capital when the government’s
objective function does not weigh future generations enough. In addition, given that consump-
tion growth varies over the lifecycle, agents’ intertemporal wedge could be positive or negative
depending on age. In these economies, the capital taxes serve to correct intrinsic distortions
on the intertemporal margin which arise due to frictions that are not typically present in the
standard Ramsey model.

Importantly, the front-loading principle also applies to a large variety of optimal policy
problems outside the Ramsey paradigm. Albanesi and Armenter (2007) formally analyze a
very general class of public finance problems that encompasses the Ramsey model, as well as
economies with limited commitment, private information and political economy frictions. For
this class of economies, a sufficient condition rules out permanent intertemporal distortions at
the optimum: If there exists an admissible allocation that converges to the first best steady
state, then all intertemporal distortions are temporary in the second best. This result bears
a clear connection with the front-loading principle since convergence to the first best steady
state requires all distortions to be front-loaded.

The implications of the front-loading principle go beyond the predictions for optimal poli-
cies. Ultimately, this reasoning implies that whenever private savings are distorted, the govern-
ment should be reducing debt and lower taxes in future periods. This constitutes an important
lesson for policy design and suggests a novel class of Pareto-improving reforms that do not rely
on adjustment to the path of capital taxes.

To illustrate this point, we present a series of policy reforms in a two-class economy similar

‘See Atkinson and Stiglitz (1972).



to Judd (1985). The status-quo policy is calibrated to match stylized facts about the U.S. fiscal
policy — a relatively high capital tax rate among them. Our benchmark is a Pareto-improving
reform that temporarily raises labor taxes and uses the proceeds to finance a cut in future labor
taxes. The policy eventually returns to the initial status quo so all welfare changes are due
to the temporary reallocation of labor taxes across periods. This reform amounts to a front-
loading of intratemporal distortions and delivers welfare gains for a variety of parametrizations
and specifications of the reform.

The paper is organized as follows. Section 2 describes our argument for the absence of
intertemporal distortions in a benchmark Ramsey model. We argue for the generality of the
argument in Section 3 and include a brief discussion of Ramsey models with uncertainty,
incomplete markets, and overlapping generations. Section 4 discusses optimal policy in some
environments where it is not possible to front-load all distortions and thus our argument does
not apply. Section 5 describes a series of policy reforms which suggest that the front-loading
principle can generally be applied even beyond optimal policy analysis. Section 6 concludes.

2 Front-loading and Capital Taxation

We start by describing the front-loading argument for the benchmark deterministic Ramsey
model. A fiscal policy is a sequence of linear tax rates on labor and capital {T?,Tf}zo
as well as debt holdings {b:};°,. Tax revenues finance an exogenous stream of government
consumption {g;};°, which, for simplicity, we set to be constant g; = g. The absence of lump
sum taxes is the only source of frictions in this economy.A competitive equilibrium requires
firms and households to make optimal decisions given prices and policy, the government budget

® Consumption, investment, and labor

constraint to be satisfied, and all markets to clear.

decisions {c, kiy1, nt}fi o must conform to a competitive equilibrium given taxes and prices.
A key feature of the competitive equilibrium is that the government’s ability to borrow

and lend implies that the sequence of flow budget constraints can be collapse into one present

value constraint at ¢t = 0:

o0 oo
Zqéct <bo+ <(1 — TIS) ro+1— 6) ko + Zqé (1 —73) weng. (1)
t=0 t=0
Here, ¢}, is the discount price of a bond that pays one unit of consumption at date ¢, w; and ry
are the rental rates of labor and capital respectively, and § the depreciation rate.

A Ramsey equilibrium is simply the competitive equilibrium that maximizes the households’
welfare from the standpoint of date ¢ = 0. Optimal policies implement the Ramsey equilibrium
allocation.

Consider a candidate optimal policy with positive capital taxation in the steady state:

k k

lim 7y = 7°>0,
t—o00
lim 7 = 71" >0.
t—00

®We omit a formal description of the environment and competitive equilibrium conditions. See Chari and
Kehoe (1999) for a detailed discussion.



The candidate policy must satisfy the government budget constraint and conform to a com-
petitive equilibrium. Since our argument is formulated at steady state, we can abstract from
the properties of this policy on the transition path, provided the allocation converges. We will
show that such a policy cannot be optimal by constructing an alternative policy {7*?, %f}zo
which delivers strictly higher welfare.

First, consider the household’s equilibrium conditions in steady state under the candidate
policy. The Euler equation is:

uy = pug, { (1= ) rog +1- 5},

where we use subscript ss to denote the steady state variables. Equating the rental rate to the
marginal product of capital, the positive capital tax implies:

Bt < FF 41-0. (2)

This defines the intertemporal wedge. As long as there is a positive capital tax, there will be
intertemporal distortions.
Similarly, the household equates the after-tax wage rate to the marginal rate of substitution,
u?s n
—T?% = (1—7' )wSS'
The wage rate is equal to the marginal product of labor and the marginal rate of substitution
is thus below the marginal rate of transformation

n

L (3)

c —
uSS

This defines the intratemporal wedge. As long as there is a positive labor tax, there will be
intratemporal distortions.’

The intertemporal wedge (2) implies that, ceteris paribus, there are first-order welfare gains
from reallocating consumption from date ¢ to ¢t + 1. Now, this is exactly what a tax reform
can do by changing the timing of intratemporal distortions. To this end the government can
raise taxes and run a primary surplus at date ¢, and then use the savings to finance a tax cut
at date t + 1. By front-loading the distortions, the government effectively transfers resources
from ¢t to t + 1. The welfare impact of the labor supply distortions at dates t and t + 1 are
symmetric and cancel each other when evaluated at the steady state. As a result the only
first-order welfare effect is the gain from reallocating consumption intertemporally.

~ o0
We now formally lay out the proposed tax reform. Let allocations {6t, ki1, ﬁt}

be the
0

competitive equilibrium induced by the reformed policy {%f ) %f};:o. The tax reform involves
only two dates, t and t+ 1; allocations and policies at all other periods are identical than under
the candidate policy, ¢; = ¢;, n; = nj and so on for all dates j # ¢, + 1. Date t is assumed to
be late enough such that the economy under the candidate policy is in the steady state for date

®In this simple Ramsey model, as in most of them, all wedges stem from distortionary taxation. We will
later discuss economies with intrinsic frictions, such as incomplete markets.



t and later, ¢; = cs, nj = ngs, and so on for all j > t. The policy reform should satisfy not
only the government budget constraint but all equilibrium conditions, including those leading
to date t.

We start by raising intratemporal distortions at date t. As we perturb the intratemporal
margin, we adjust the tax rates and debt holdings so that all equilibrium conditions are restored
without any change at later dates. We illustrate this adjustment in the space of allocations.
To this end, we substitute the equilibrium conditions for bond holdings and labor:

t_ atUf

do B US,

uy n

- — 1 _
ug ( Tt ) Wi,
into constraint (1) to obtain:
o
(u) ™2 8" (wger +uima) = bo + (1= 76) ro +1 - ) ko. (4)

t=0

By Walras’ law, (4) ensures that both the household and the government’s budget constraint
are satisfied. Indeed, it is sufficient that condition (4) is satisfied for allocations to constitute
a competitive equilibrium.”

Let the reduction in consumption at time t be given by:
dey = —¢,
for £ > 0 arbitrarily small. The corresponding adjustment in labor supply must satisfy:
d[ufes +uing =0,

in order to restore the competitive equilibrium conditions without resorting to changes at later
dates. Hence, the competitive equilibrium conditions dictate:

dn; = adey (5)
for some « solving d [ufc; + upng] = 0. It follows that:
dn; = —ae.

This perturbation increases distortions and time ¢ by reducing consumption. Labor supply can
contract or expand as a consequence of this adjustment. No restrictions are needed on the sign
of a.
The next step is to derive the corresponding variation in investment. The resource con-
straint at date ¢ is:
ct + ki1 +9 < F(kyne) + (1 —6) ke

"See Chari and Kehoe (1999) for a formal proof. The reader familiar with Ramsey problems will recognize
in the discussion the logic of the implementability constraint and the primal approach. We return to them in
the next Section.



Then, the change in investment must satisfy :
dk'tJrl = ngnt — dCt,

which implies dkiy; = (1 — aF!%)e. The drop in consumption will not map one to one into
investment, i.e., dk;11 # —dc, as long as the labor supply responds. Again, the sign of the
change in investment is inconsequential, though we would expect it to rise.®

The next step is to use the additional resources to increase consumption and reduce in-
tratemporal distortions at date ¢ + 1. As at date ¢, the variation in consumption must be
accompanied by a corresponding adjustment in labor supply to restore the equilibrium condi-
tions:

d [uf 41 + ufpinerr] = 0.

Since we are evaluating a small steady state variation, as in (5), the relationship between the
change in labor and consumption satisfies:

dngy1 = adceiy.

We differentiate the resource constraint at date t + 1 in order to pin down the change in
consumption:
dersr = F™dngyq + (F’f F1- 5) k.

Using the derived change in investment, dk;r1 = (1 — «F.)e, and the relationship between
labor and consumption dnsy; = adcey1, we have that

deipr = aF™ (dct“ - (F’“ vl 5) s) + (F’“ v1- 5) e

It is then clear that:
desp1 = (Fk +1- 5) e

It is crucial that the government, by front-loading distortions, can postpone consumption
and obtain the pre-tax return, F¥ + 1 — §, higher than the rate of return faced by household-
sunder the candidate policy.

Finally, collecting all the welfare effects at date ¢t and date t + 1:

d[u(ct,ne) + Bu(Cegpr,neg1)] = ulg (der + Bderrr) + uly (dng 4+ Bdngsq) -
The relationship between the change in consumption and labor is constant at both dates,
dni + Bdngy1 = a(deg + Bdegy1) ,
and as a result the corresponding welfare effect is:

dfu (crsne) + Bu (errt,nesn)] = (u, + aull) (dey + Bderin)

8The argument would break if some additional constraint imposed a cap in aggregate capital. Indeed the
government may be prevented from saving or borrowing, but if it is still can manipulate aggregate capital the
argument would go through. We return to this discussion in Section 3.



There are two cases. If uf, + auy, < 0, the first term is negative. It is then possible to
improve welfare by raising distortions at date ¢ without any need to decrease them at date
t + 1. This counter-intuitive case may arise if the economy is highly distorted. Loosely
speaking, marginal taxes are so high that their reduction gives rise to an increase in revenues.
It is clear that such a policy holds little interest as optimum candidate.

The interesting case corresponds to u§, +aul, > 0. The welfare change is then proportional
to the change in the consumption profile:

dlu(ce,ne) + Pu(cip1, ney1)] o< deg + Bdey.

Substituting the derived consumption change at both dates:
dey + Bdcsy = (ﬂ (Fk y1- 5) _ 1) e.

The presence of an intertemporal wedge (2) in itself implies that the proposed policy reform
delivers strictly positive welfare gains.!?

To summarize, we have considered a candidate policy with positive capital taxes in the long
run. Starting from the steady state, we show how to construct a policy reform that delivers
strictly higher welfare by front-loading distortions. Since the only assumption on the candidate
policy is that taxes on capital are positive in the steady state, the optimal policy cannot have
this feature. Crucial to the argument is the government’s ability to save.

The same reasoning can be used to show that the optimal policy cannot feature long-run
capital subsidies. This is indeed quite trivial: why would be using distortionary labor taxes
to finance another distortion, in this case a capital subsidy? That said, it is possible to follow

the logic above: in this case, though, the welfare gains follow from back-loading distortions.

3 A General Argument for Zero Capital Taxes

The front-loading principle can be used to derive the optimality of zero capital taxes for more
general Ramsey models and indeed in holds for a broad class of public finance problems. In
this section, we formalize the argument more generally. To this end, we introduce the primal
approach to the Ramsey problem.!! This approach begins by characterizing the set of com-
petitive equilibrium allocations, that is, the allocations that can be supported in equilibrium
for some choice of prices and tax rates, just in terms of constraints on the physical variables.
Then, social welfare is maximized by choice of the allocations within this set.

9To see this, note that — (uss + augs) € is the welfare effect at date ¢ of raising distortions. The resource
constraint can be satisfied without any change in investment, since it can be shown that (3) implies de;— Fiedng <
0 whenever us, + auy, < 0.

10T he reader may feel that we have concluded the policy reform without actually saying anything about policy.
Indeed the details on how policy changes depend quite a bit on the specification. In Section 5 we illustrate the
proof with a series of policy experiments in a standard Ramsey model.

"' The primal approach was pioneered in Atkinson and Stiglitz (1980) and Lucas and Stokey (1983).



For the benchmark Ramsey model in the previous section, any feasible allocation belongs
a competitive equilibrium if and only if it satisfies the implementability constraint:

Zﬂtz (ct,me) > ap, (6)

t=0

where

z (cr,ne) = ug (¢, ne) ¢ + uy (e, me) ny,

and ag is the shadow value of initial assets,
— ,C k k
ao = ug {bo+ (1= 75) Ff +1-0) o}

The implementability constraint (6) can be derived by substituting the equilibrium conditions
into the date ¢ = 0 household budget constraint.

The primal approach reveals a remarkable similarity across many Ramsey models. The
set of competitive equilibrium allocations can usually be characterized by a system of imple-
mentability constraints of the form

S 82 (21) > Ao, (7)
t=0

where z; is a vector collecting all consumption and labor decisions in the economy,

Tt = {Cltchta ey N1, M2, },

and Z is a well-behaved function from the allocation space X to R™, where m is the finite
number of constraints. Stochastic environments with or without complete markets require
some further generalization. We will discuss them later.

We now revisit our argument strictly in terms of allocations and the generalized imple-
mentability constraint (7). Consider a candidate optimal allocation that features a strictly
positive intertemporal wedge in steady state (2). We construct a perturbation of the con-
sumpttion profile at dates t and ¢ + 1 as follows:

dCt = —£&,
depy1 = (Fsks +1- 5) g,

where € > 0 is arbitrarily small vector evaluated at steady state. We now need to adjust labor
supply so that the resulting perturbation in the allocation dx; preserves the competitive equi-
librium conditions. The admissible perturbations are define by the implementability constraint

(7):
D*Zgyday = 0.

The system above identifies the labor supply response to the change in consumption:

dny = I'dey.



where I' is a matrix of the appropriate dimensions.'> The same relationship works at date

t+1, dnyy1 = I'deg1. The labor supply distortions have a symmetric effect at both dates and

we can check the feasibility of the proposed variation following the same steps as before.
Collecting all the welfare changes at dates t and ¢t + 1:

D [U (zs5) + BU (x5s5)] dxy = DU (xss) (dey + Bdeyt1) + DU (x55) (dng + Bdngy1) -

Using the restriction:
dni + Bdniy1 = T (dey + Bdetta)

we obtain:
D [U (zss) + BU (255)] day = (DU (x55) + DU (x55) T') (dey + Bdery) -

Without loss of generality, the first term can be taken to be strictly positive. The second term
is strictly positive if:

dey + Bdessr = (ﬁ(Fs’g+1—5)—1)s>o,

that is, as long as the intertemporal wedge is postive. The first-order effect on welfare is thus
strictly positive.

The argument merely hinges on the presence of a positive intertemporal wedge at the steady
state as well as the fact that we can restore the equilibrium conditions within each period.'?
The front-loading principle thus applies to any Ramsey model or more general public finance
problem where allocations are subject to a constraint of the form of (7).

3.1 Stochastic Economies

The counterpart of zero capital tax result for stochastic economies is given in Zhu (1992). If
the optimal policy plan converges to a stationary distribution, then either the optimal capital
tax is zero or fluctuates around zero. In other words, it is never optimal to tax or subsidize
capital with probability one.

Zhu (1992) shows that, if there is a set of complete Arrow-Debreu markets, competitive
equilibrium allocations satisfy the following implementability constraint

o
Eo {Z Bz (Ct7nt>3t)} > ag,
=0

where s; is a vector of exogenous shocks and FEj is the expectation operator. The setting is,
thus, similar to the non-stochastic economy. Our argument, though, seems to rely heavily on
steady-state analysis. Is it possible to adapt it to a stochastic economy?

The variation argument goes through with an important modification. Consider a policy
which taxes capital with probability one and converges to a stationary distribution. An im-
portant implication of stationarity is that allocations can be characterized by a time-invariant

12The existence of a solution requires that the optimal plan satisfies non-degenerate constraint qualifications.
"3 There are some additional regularity conditions on Z and allocations. See Albanesi and Armenter (2007)
for a full discussion.
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function of the state of the economy. As before, we seek to exploit the intertemporal wedge
by transferring consumption from date ¢ to a later date. Now, though, we will carry the ad-
ditional resources forward until the state of the economy at date t is revisited and allocations
are identical to those at date t. How long it takes will depend on the realization of shocks and
thus the stopping time d is a random variable. Stationarity guarantees that we always revisit
any given state so the stopping time d is finite with probability one. Allocations before date ¢
and after any realization of date ¢ + d are left intact.

By construction the labor distortions have a symmetric effect at both dates ¢t and t+d. We
thus have the crucial feature used in the steady state analysis. Following essentially the same
steps as before, it is then possible to prove that the proposed variation is feasible and that the
welfare effect is proportional to the accumulated change in consumption, dc; + ,decHd. We
can then apply the front-loading principle. We reduce consumption at date ¢t by €. Whenever
the sequence of shocks is, we rebate the proceedings

depra = (H‘j:t » (Ff r1- 5)) ‘.

The expression above holds for all possible realizations of the stopping time d — different
realizations will have a different value for de;y4. However, if the capital tax is positive at all
times, then we know that

B (T (Ff +1-0)) >1
for all realizations of d. The effect of labor distortions at date ¢t and t 4+ d are symmetric and
cancel. We thus conclude that the variation delivers positive welfare gains.

This reasoning can be extended to incomplete markets. If the only asset traded is a risk-free
bond, it is not possible to characterize the set of competitive equilibrium with a single imple-
mentability constraint.!* Instead, there is an implementability constraint for every sequence
of shocks st = {sg, 51, .-, St}

Eg QY B2 (cjmgs5) ¢ = (s + V (1),
j=t

where E.: is the conditional expectation operator, b (st_l) are the holdings of a risk-free one
period bond, and V (st) is the present value of capital returns and non-negative government
transfers. Our variation argument fails because the shifting of consumption between periods
will necessary change debt holdings at date ¢. In order to satisfy the implementability con-
straints, it would be necessary to redistribute distortions across states. This gives rise to a
possible welfare loss which could overcome the welfare gains from intertemporal redistribution.

However, the necessary conditions for optimality often imply that, eventually, future im-
plementability constraints are no longer binding and can be safely ignored.'® Intuitively, the
government can escape the additional constraints imposed by the incomplete markets by ac-
cumulating enough assets and then smoothing distortions across states using non-negative

M Farhi (2006) analyzes a similar economy but does not use the primal approach.
Tt is beyond the scope of this paper to prove this result. See Aiyagari et al. (2002) and Farhi (2006), as
well as Albanesi and Armenter(2007), for a proof and discussion of the result.

11



transfers. Hence once the government has enough assets the problem from then on is not
different from the Ramsey model with complete markets that we discussed before.

Asset Restrictions. Our last discussion concerns the implications of a balanced-budget
constraint on the government. In an otherwise standard Ramsey model, the government is
forced to finance its expenditure solely from current tax revenues, that is, it cannot save or
borrow. Both Judd (1985) and Chamley (1986) claim that the absence of permanent intertem-
poral distortions does not depend on assumptions about the government’s ability to borrow or
lend. !0

This result may be surprising in light of the crucial role of the ability to front-load dis-
tortions for our result. How can the government reallocate distortions across periods without
being able to save or borrow? It turns out that the government usually can independently
manipulate the path of consumption and capital even if it has no access to debt. It is actually
helpful to consider an economy where it cannot. Lansing (1999) shows that a zero capital tax
cannot be implemented in a two-class economy with logarithmic preferences and a balanced-
budget constraint. The key observation is that the present value of future consumption only
depends on current consumption under logarithmic preferences. As a result the government
cannot induce a change in the intertemporal profile of consumption and an allocation with no
permanent intertemporal distortions cannot generically be implemented in equilibrium.

3.2 Distortions and Taxes

In the models analyzed thus far, taxes are the only source of frictions. This need not be a general
property of Ramsey models. The solution of the Ramsey problem prescribes a particular
pattern of distortions. An optimal tax system implements this pattern—indeed it does not
need to be unique. It is clear thus that we need to distinguish between taxes and distortions.
The discussion above makes clear that the front-loading logic applies to distortions. So it is
possible for the optimal capital tax to be different from zero while intertemporal distortions
must be zero.

We illustrate this reasoning with two examples. Aiyagari (1995) presents an economy
with idiosyncratic productivity risk, incomplete markets and borrowing constraints. Even if
there are no capital taxes, there is an intertemporal wedge—in this case arising from the lack
of complete markets and the borrowing constraint. A precautionary motive leads agents to
over-accumulate capital.

Erosa and Gervais (2000) study optimal fiscal policy in an overlapping generations economy.
As it is well-known there may be a dynamic inefficiency in overlapping generations economies
as private agents fail to internalize the benefits of investment for future generations. Therefore,
the level of capital may not be at the social optimum.

In Aiyagari (1995) the optimal capital tax is positive yet the level of aggregate capital is
undistorted. That is, the positive capital tax offsets the precautionary demand for capital. In
Erosa and Gervais (2000) the optimal capital tax may be different from zero, but the return

to capital is always equated with the social discount factor. In an over-lapping generations

16See also Stockman (2001) for a detailed analysis.
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economy the individual discount factor varies with age. With age-specific taxes, private and
social discount factors can be equated without resorting to capital taxes. Without age-specific
taxes, capital taxes achieve this purpose.

3.3 Beyond Ramsey Models

The idea that front-loading rules out permanent intertemporal distortions applies to a large
variety of public finance problems beyond the class of Ramsey models. Albanesi and Armenter
(2007) consider a large class of public finance problems that can be represented as a choice
of allocations subject to feasibility and a set of additional constraints, which are called ad-
missibility constraints. The Ramsey problems discussed above are examples of this class: the
implementability constraints are a special case of the admissibility constraints. The general
framework also encompasses problems with incentive compatibility constraints due to limited
commitment or private information, as well as political economy frictions and possibly arbitrary
constraints on assets.!”

Albanesi and Armenter (2007) identify a sufficient condition that rules out permanent
intertemporal distortions in the optimum. If there exists an allocation that satisfies all con-
straints and eventually converges to the same steady state as the first best allocations, then
there are no permanent intertemporal distortions in the second best. Returning to the Ramsey
model, if we can find a policy that leads the economy to the same steady state as the first best
allocations, then the optimal capital tax will be zero in the long run. The first best steady
state requires no distortionary taxation. It is easy to find a policy that eventually achieves
it. With an initial high taxation phase, the government can accumulatie assets to the point
where all public expenditures can be financed from the return to these assets. This eliminates
the need to levy distortionary taxes. Such a policy will rarely be optimal but for our result
to apply it is only necessary that such a policy exists. This makes the sufficient condition
typically straightforward to verify.

What is the relationship with front-loading? If it is possible to find an allocation that con-
verges to the first best steady state, then the admissibility constraints allow for all distortions
to be front-loaded. This means the variational argument above can be applied and we can
disprove that an allocation featuring permanent intertemporal distortions is optimal.

Albanesi and Armenter (2007) also discuss a weaker sufficient condition which is particularly
relevant for Ramsey models. If the level of aggregate capital can be decoupled of its distribution
among agents, then as long as there is an admissible plan that achieves the first best level
of capital, there would be no permanent intertemporal distortions in the second best. The
condition is weaker, thus, since it does not require that labor or consumption is efficiently

allocated. However it only applies into a subset of public policy problems.'®

'"Some nomenclature is needed. We refer to the solution subject to feasibility and admissibility constraints
as the second best allocation. The choice of allocations subject only to resource feasibility corresponds to the
notion of the first best.

""We have discussed one of them: Aiygari (1995).
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4 When the Front-loading Argument Fails

In this section we briefly discuss several instances where the front-loading principle fails. First,
the government may not be able to shift intratemporal distortions across periods. This may
be the case because the government does not have access to the necessary assets or because
the distortions themselves cannot be redistributed across periods. Asset restrictions could give
rise to the first example. Economies with private information typically display perpertually
binding incentive compatibility constraints and fall in the second category.

A second possibility is that there does not exist a perturbation that front-loads distortions
while preserving the competitive equilibrium conditions. Ramsey models with incomplete
factor taxation exemplify this problem. Finally, we discuss the case where the front-loading
principle fails due to restrictions on the tax choices that induce history dependence.

Incomplete Factor Taxation. As first established in Correia (1996) and Jones, Manuelli,
and Rossi (1997), optimal capital taxes may be positive in the steady state if the government
cannot tax every factor of production at the rate of choice. It must be thus that our variation
argument cannot be applied. This is perhaps surprising because there is no clear impediment
to front-loading like in the previous examples.

Under incomplete factor taxation, our proposed variation does not restore a competitive
equilibrium. The change in investment directly affects the household’s income through the
rents from the untaxed factor. The labor supply must then adjust further in order to sat-
isfy the equilibrium conditions.'® Unlike consumption, there is no symmetric reduction in
investment to reverse the welfare impact of the additional change in labor. We are left, thus,
with an additional first order welfare effect which can counter the gains from intertemporal
redistribution.

History Dependence. Our argument may also fail if, for whatever reason, taxes display
some form of history dependence. For example, the government may be restricted to pick
a constant capital tax for all periods. In this case our variation argument fails because it
generally requires adjusting the capital tax. Assuming a constant capital tax is common in
applied work on Ramsey models — see, for example, Domeij and Heathcote (2004). In more
general terms, any model with a cost of adjusting policy may feature a positive capital tax in
steady state.

Private Information. Consider an economy where individual productivity is subject
to idiosyncratic shocks that are not publicly observable. Private information gives rise to
incentive compatibility constraints. This friction is a source of distortions. The government
cannot fully insure idiosyncratic risk and simultaneously induce agents to work according to
their productivity. This generates a trade-off between insurance and efficiency.

Crucially, the distortions arising from private information cannot be fully front-loaded
is agents are risk averse as long as idiosyncratic uncertainty persists. This gives rise to a
permanent intertemporal wedge. That is not to say that the optimal allocation does not

19 Armenter (2007) shows that the result depend on the additional constraints imposed on policy at date
t = 0. If the government is barred from manipulating the value of initial assets, then the Chamley-Judd result
re-appears.
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engage in an intertemporal distribution of resources over time. Indeed, the optimal plan often
calls for downward path of wealth over time in order to ameliorate the provision of incentives.
Our argument fails, thus, because an increase in distortions at date ¢t does not map into a
proportional reduction at a later date.

5 Policy Reforms

We derived the Chamley-Judd by proposing a welfare-improving policy reform to a candidate
optimal policy which was taxing capital. The argument is perhaps surprising in that we did
not rely on a reform of the long-run capital tax. Here we evaluate a series of “policy reform”
based on our derivation of the Chamley-Judd result. This serves a double purpose. First it
illustrates the front-loading logic by providing the path for taxes and debt; second, it shows
that front-loading taxes can deliver welfare gains beyond the variational argument we used.

We work with a model with heterogeneous agents similar to Judd (1986). The status-quo
policy is set to replicate some stylized facts of U.S. policy — a relatively high capital tax
rate among them. Under the policy reform, labor taxes are raised in the early periods and
the proceeds used to finance a tax cut over a long horizon. The policy (and the economy)
eventually returns to the initial status quo so all welfare changes are due to the front-loading
and not to different steady states. The policy reform is also designed to preserve the after-tax
capital income under the status-quo policy.

5.1 A Two-Class Economy

We use a two-class economy similar to Judd (1986). Time is discrete and infinite, ¢ = 0,1, ...
There is no uncertainty.

There are two types of agents: capitalist households, denoted by subscript ¢ = 1, who own
all assets in the economy but have no labor endowment; and worker households, denoted by a
subscript ¢ = 2, who get all their income from renting labor and have no access to any means of
savings. The extreme distribution of factor endowment is an obvious simplification, but allows
us to keep track of the redistributive implications of policy reforms.

There is a unit measure of capitalists and p of worker households. The capitalist household’s
preferences over consumption sequence {cy};, are

0 1—0o
00 C
Ur (fen}io) = > 871,
t=0

with 0 < 8 < 1, and ¢ > 0, with u! (c1;) = log(cy;) for 0 = 1. The capitalist household
problem consists of choosing sequence for consumption cy, capital k; and debt holdings b; to
maximize welfare subject to a sequence of budget constraints,

c1t + @bt + krar < ((1 - rf) k1 5) ki + by

for all £ > 0, where b; are bonds sold at discount rate g, rf is the capital rental rate, and
7F is the capital tax rate. The depreciation rate is non-negative and strictly less than one,
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0 < § < 1. There are also non-negativity constraints and natural debt limits which we ignore
for expositional purposes.
The worker household’s preferences over consumption co and labor n are given by

(l—nt)liw l1-0o
o0 Cot + Yo —g—p—

Us ({cat, e }i2g) = Zﬁt ( 1 )
=0

— 0

with ¥y > 0 and ¢ > 0. The worker household problem is to choose consumption and labor
to maximize welfare subject to the sequence of budget constraints

cor < (1 —731) weny

for all t > 0 where w; is the wage rate. Note the worker households have no means of saving,
making it impossible for them to smooth variation in their income.
There is a representative firm with a constant returns to scale production function

F (kg pne) = AkfY (png)' ™

where A > 0 and « € (0,1). Profit-maximization leads to equate factor prices with their

k a—1
Tf = adA <t> ,
K

w = (1—a)A<kt>a.

respective marginal products,

K

The government budget constraint needs to hold at every date ¢ > 0
9+ b — qiber < THwng + TETE K.

The government expenditure g is taken exogenously.
Finally we close the description of the environment with the resource constraint

cr + pea + g+ ke < AR (ung)' T 4 (1 —6) by

which must hold at all dates t.

A competitive equilibrium in this economy is given by a set of allocations, prices, and a
policy such that both households solve their problem given prices and policy, firms maximize
profits, the government budget constraint holds, and all markets clear.

5.2 Status-Quo Policy and Calibration

We will evaluate our policy reforms against a status-quo policy given by constant tax rates,
7 = 7F and 79 = 7" for all dates t > 0. We would like to set the tax rates and government
spending {Tk ;T g} as representative of the level of taxation of the U.S. Unfortunately, there

is a considerable dispersion in the estimates of the average tax rates. Lucas (1990) estimates
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a capital and labor taxes of 36% and 40% respectively. Chari, Christiano, and Kehoe (1995)
have lower estimates and choose to set the capital tax at 28% percent and the labor tax at 24%
percent in their policy experiments. Some more recent work suggest capital tax rates as high
as 51% —see Carey and Tchilinguirian (2000). Our baseline parametrization will use Lucas
(1990) estimates and we will then check our results for a low and high taxation economies,
using Chari et al. (1995) and the more recent estimates respectively. We set g such that it
represents 20% of total output. We always evaluate the status-quo policy at steady state.

Our choice of the remaining parameters is pretty standard. We set the period to be one
year, with the discount rate 8 = (1.02)_1 and the depreciation rate 5%, § = .05. We set
« = .36 so capital income is roughly one third of total income. The resulting capital to output
ratio is just above 3.2. The intertemporal elasticity of substitution is ¢ = 2. The parameters
governing the labor supply are 1 = 2 and 1, is set such that, in the steady state, labor is 60%
of the time endowment. Parameters p and A are completely irrelevant to the results, and are
just normalized.

5.3 A Pareto-Improving Reform with Front-Loading

First we design the policy reform such that the after-tax capital income at all periods is the
same than under the status-quo policy. The reason for this is twofold. First, it ensures the
reform is welfare-neutral for the capitalist household. Second, by guaranteeing the after-tax
return to all assets to be the same than under the status-quo policy, we make sure the welfare
change does not arise from some form of indirect taxation of assets. Interestingly, the guarantee
implies that the policy reform can be pre-announced without any change.?’

We construct the policy reform {%f, %{L}zo as follows. Initial conditions at date ¢t = 0 are
given by the steady state level of capital and debt under the status-quo policy. At date t =0
the labor tax is raised two percentage points to 42%. The resulting primary surplus is used to
finance a labor tax cut over a long horizon — we target the tax cut to have a half-life of about
12 years.?! At every period, the capital tax adjusts such that the after-tax return to capital is
constant. Eventually the policy ( and the economy ) converges back to the status quo.

We find that the policy reform delivers welfare gains to the worker household despite sharps
movements in their income. Figure 1 displays the allocations in terms of percentage deviations
from the steady state. As expected, the policy reform first contracts the labor supply and
output as we raised taxes at date ¢t = 0. There is a surge in investment despite the contraction:
the policy reform is effectively reallocating resources from date t = 0 to later dates via the
front-loading of taxes. Both output and labor are sustained above their steady states for a
long horizon from ¢t = 1 onwards.

Figure 1 also contain the profile of consumption for both capitalist and worker households.
By construction, the capitalist household consumption is constant and equal to its steady state
value. The worker consumption experiences a sharp fall (about 4%) at date ¢ = 0 to be above

20We think this is important because, in practice, policy reforms will never be unanticipated. See Klein and
Domeij (2005) for a discussion of preannounced fiscal reforms.
2 Tax provisions usually phase out slowly. We discuss some alternative policy reform designs later.
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steady state from date t = 1 onwards. Recall the tilted consumption profile is the source of
welfare gains, because the intertemporal wedge induced by the capital tax implies consumption
in future dates is more valuable than today.

The policy variables and factor prices are in Figure 2. The capital tax rate falls by a small
amount to compensate the fall in the marginal product of capital brought in by the contraction
in labor and the subsequent increase in capital. It is no accident that the dynamics of debt are
the mirror image of investment. Since the after-tax return to assets is unchanged, the policy
reform act by changing the composition of the capitalist’s portfolio, away from government
debt and into capital.

5.4 An Alternative Policy Reform with a Constant Capital Tax

We also investigate a second policy reform with a constant capital tax %f = 7%, The labor
tax is raised by x percent for T periods, and the proceeds are used to finance a labor tax cut
over a long horizon. As before, the economy converges back to the initial steady state. It is
important to emphasize that such a reform effectively cuts in the value of assets even if the
capital tax rate is not changed.

We choose to raise the labor tax by one percentage point over four years, and target that
the subsequent cut has a half life of about twelve years. We find large welfare gains for the
workers but welfare loses for capitalists. Hence this is not a Pareto-improving reform. This is
quite evident from Figure 3 which depicts allocations. Capitalist consumption drops a little—
not even a tenth of a percent—from steady state, but only recovers very slowly. In contrast,
worker consumption falls on impact but rebounds to 3% above the steady state.

The difference in the consumption profile with respect to the previous reform is easily
accounted. As before, investment increases despite the output contraction. However, this time
the rise in investment also comes from a cut in capitalist consumption, easing the fall in worker
consumption. The subsequent output expansion benefits only workers, as the additional tax
revenues are used to cut labor taxes only. Figure 4 displays policy variables and factor prices.
The resulting dynamics are very similar to the previous reform.

5.5 Robustness Analysis

We have performed both policy reforms for an array of different parametrizations and found
the same pattern: worker households always have welfare gains; capitalist households have
small loses if they are ot compensated with a temporary cut in the capital tax. Figures 5 and 6
depict allocations, tax rates, and prices for the policy reform 1 when the status quo policy is set
to replicate the capital and labor taxes in Chari, Christiano, and Kehoe (1995), 7% = .28 and
7" = .24. The response in allocations is very similar with only small changes in magnitude. We
also rerun policy reform 1 against a status quo policy of zero labor taxes and zero government
spending. The capital tax is set to 36% and all its proceed rebated to the capitalist household.
This extreme parametrization of policy is interesting because the intertemporal wedge is the
sole distortion in steady state. Not surprisingly, we find large welfare gains for the worker
household in this case.
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We also explored different preference parametrizations without overturning the welfare
results. Interestingly, the intertemporal discount rate can be really low (about 8 = .5) and
yet the front-loading is welfare-improving for workers. Other parameters, within their usual
range, did not affect the results.

Finally we evaluated different versions of the policy reforms discussed above. We found
that there are welfare gains even for large policy reforms as long as the tax cuts are smoothly
faded out. If the additional tax revenues are used to finance a large, but short-lived cut in
the labor tax then the second order effects can dominate and lead to welfare losses for both
households.

6 Conclusions

In this paper, we have emphasized that the ability to front-load distortions is critical for
the Chamley-Judd result. The main advantage of our argument lays in its generality. The
government can front-load all distortions in most Ramsey models. We are thus not surprised
to learn that all intertemporal distortions under the optimal policy are temporary in these
models. Our discussion can also provide guidance on how to pose normative questions in fiscal
policy more generally. The recent research on optimal taxation with private information has
emphasized that an approach based on arbitrary fiscal instruments may unknowingly leave
the relevant trade-offs out.?> And, indeed, second best allocations under private information
generally feature permanent intertemporal distortions. The literature on private information,
however, does not isolate the relevant trade-off missing in the Ramsey model. Our discussion
makes it clear that the ability to front-load all distortions in the Ramsey model that generate
the different policy prescription — as the distortion associated with private information cannot
be fully front-loaded ahead of the realization of the uncertainty.

Our argument for the Chamley-Judd result also contains a lesson for policy design. We
know that the Ricardian equivalence does not hold in Ramsey models as taxes are distortionary.
Hence we are to expect that changing the timing of taxes has welfare effects. However we lack
a clear view of the direction of these welfare changes. Our discussion of the Chamley-Judd
result makes clear that postponing taxes is welfare-reducing as long as there are intertem-
poral distortions, either because of a positive capital tax or some other distortion on capital
accumulation.

?28ee Werning (2007) for an extensive discussion on this point.
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