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ABSTRACT

This paper examines the nature of optimal taxation of labor and capital income in
various models of dynamic, stochastic economies. We also compute Markov perfect equilibria
(a.k.a. “consistent policies”) for environments in which governments cannot make binding
commitments about tax policy. We find that the random walk test for optimality, popularizeld
by Barro, applies only to labor taxation, whereas optimal capital income tax rates are more
volatile, sometimes being white noise. In contrast, we find that labor and capital income
tax rates follow qualitatively similar processes (e.g., in one case both are AR(1) processes)
in Markov perfect equilibrium outcomes. Previous analyses of tax rates tend to support
the hypothesis that Markov perfect equilibrium characterizes observed tax rates. However,
these results are due to the fact that it is inappropriate to use conventionally defined ez post
capital income tax rates for these purposes. We find that when appropriate tax rates are
used, the optimality hypothesis is favored by the evidence from the postwar era.

This model has implications for both fiscal and monetary policy analyses. First, several
seemingly irrational features of U.S. tax policy (e.g., nominal depreciation allowances and
income taxation instead of consumption taxation) may contribute to the efficiency of taxa-
tion in a stochastic environment. Second, examinations of the optimality of monetary policy
should focus on the nominal aspects of the tax system since seigniorage is relatively insignif-
icant. When we do so, the previous empirical support for optimality of monetary policy
disappears. However, those tests were misspecified, thereby not contradicting the support
for optimality found here. Third, observations that fiscal surpluses are positively related to
changes in the unemployment rate are consistent with optimal taxation in a real business

cycle model and, therefore, do not give support to Keynesian fiscal policy interpretations.



Optimal Taxation Policy in Dynamic Stochastic Economies

In the past decade there has been substa.nfia.l interest in characterizing optimal tax
policies in dynamic economies and constructing empirical tests of the optimality hypothe-
sis. Barro (1979) argued that optimally chosen tax rates would display strong persistence, a
proposition formalized by a random walk null hypothesis in empirical tests. Lucas and Stokey
(1983) reexamined these problems in a fully articulated general equilibrium model, focussing
on the potential role for state-contingent government-issued securities These analyses as-
sumed (implicitly or explicitly) that all income is generated by the use of labor only, and
is proportional to labor supply. These assumptions imply that the direct effects of taxation
on resource allocations are largely contemporaneous, a feature inconsistent with taxation
of capital income where current supply is governed by past expectations about current tax
policy. The importance of capital income taxation limits the applicability of these analyses
The primary purpose of this paper is to incorporate capital formation into the analysis of
optimal taxation.

Empirical tests of the optimality hypotnesis have generated a mixed collection of results.
Univariate analyses in Barro, Sahasukul (1986) and Kingston (1984), show some suppbrt for
the random walk hypothesis. Vector autoregression a,nal-ysis in Skinner (1989) is supportive
of the random walk hypothesis for both interest and wage taxation. Bizer and Durlauf
(1988) discusses difficulties with the linear-quadratic specification used to derive the random
walk test, and find that the information contained in the frequency domain indicates a richer
process at work While the strict random walk hypothesis may be rejected, all analyses show
strong persistence in tax rates.

Since capital income comprises a nontrivial portion of national income and is the source
of a nontrivial source of tax revenue, it is important to explicitly incorporate capital into
both the theoretical and empirical analysis of optimal tax policy. Most of the empirical work
does not distinguish between capital and labor income. However, the literature on optimal
taxation in deterministic models gives strong indication that labor and capital income should
not be treated equally (see Atkinson and Sandmo (1980), and Judd (1985)). Judd (1987)
shows that the dynamic nature of the efficiency costs of capital and labor taxation differ
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substantially. The many proponents of consumption taxation also argue for differentiated
treatment. In short, the deterministic theory gives no support for the usual procedure of
lumping capital and labor income when examining the optimality hypothesis. We shall see
that similar considerations also argue that the random walk hypothesis is inappropriate for
periods when tariffs comprised a major source of revenue.

These random walk arguments have also been adapted to study optimal monetary policy
in Mankiw (1987). Mankiw assumed that social and private inflation costs depended only
on the contemporaneous inflation rate, implicitly assuming that money demand depends
only on contemporaneous inflation and ignoring anticipation effects and the stock nature of
money. The theoretical analysis of optimal monetary policy in Turnovsky and Brock (1980)
differs substantially from that in Mankiw because they treat money as being a stock held
in private hands at all times instead of a good which is rented to individuals. While it may
be difficult to choose among the alternative monetary theories on a priori grounds, we will
show that the stock nature dominates when one considers all nominal liabilities, making the
optimal money policy problem more similar to that of optimal capital income taxation than
optimal wage taxation.

This paper first develops a simple model for optimal taxation of both labor and capital
income, using a quadratic loss function approach. We model the important differences
between labor and capital supply, focussing on the flow nature of labor supply and the stock
nature of capital supply. We assume that labor supply is determined by the contemporaneous
tax rate, the standard assumption. However, we assume that today’s supply of capital is
relatively insensitive to today’s taxation, being determined largely by yesterday’s market
value of current tax liabilities.

Our results show that the optimal tax policy in uncertain environments treats capital
and labor income in drastically different ways. We continue to find that the optimal labor
income tax rates are highly persistent, as in the Barro analysis. In stark contrast, we find
that the optimal tax rate for capital income displays a very different behavior, generally

being much more volatile.

Since it may appear that the results for the linear-quadratic loss function depend on
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special features of the linear-quadratic specification, we also examined some numerical cal-
culations of finite-horizon economies with isoelastic utility functions over consumption and
leisure, and linear technology. We found that the results were even more extreme than the
linear-quadratic loss specification - after the initial period, the optimal labor tax rate is con-

stant, all expenditure shocks were absorbed by innovations in the capital income tax rate,

but the ez ante capital tax rate was zero.

This robustness is not too surprising when one takes a contingent security view of the
basic problem, as in Lucas and Stokey. Their analysis differs from Barro’s in that they allow
the government to issue securities contingent on the outcome of expenditure shocks, and
show that the shocks are absorbed by these securities not in labor income tax rates. Even
though we assume safe debt, our results are similar since stochastic ez post income tax rates
essentially create a state-contingent return for owners of capital. With stochastic income
taxation, investors buy both a physical asset as well as a state-contingent bond. In general,

any state-contingent taxation which they would implement via risky bonds could also be

implemented by stochastic income taxation of capital.

We apply these findings to a number of tax policy issues. For example, these results show
that income taxation dominates consumption taxation because of its flexibility in responding
to expenditure shocks, that nominal features of the U.S. tax code may help to implement the
state-contingent tax policy, and that optimal tax policy may lead to a positive correlation
between unexpected increases in budget surpluses and unexpected increases in unemployent
rates even though we have nothing in the model which justifies a Keynesian interpretation
of this relation between fiscal policy and unemployment.

A well-understood problem (see Kydland and Prescott, and Turnovsky and Brock) with
dynamic optimal tax policies is that they tend to be dynamically inconsistent; that is, if
governments can renounce past promises and rewrite tax policy, it will have strong incentive
to do so. A common feature of optimal tex policy in the presence of a stock is to heavily
tax the income of that stock in the short run, but promise to tax it lightly in the future.
This is optimal since the short-run supply elasticity of capital is smaller than the long-run

elasticity. However, when the future arrives the government will want to rewrite the law.
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again imposing high levels of taxation on the stock and promising relief later. It is often
argued that governments will fall into a situation where no one believes promises about
the future, leading the government to do what is only myopically best, and resulting in an

inefficient sequence of policies.

In order to investigate the importance and nature of these problems, we develop a model
where governments are not able to commit, either through explicit institutional arrange-
ments or implicit reputation mechanisms. We specify a specific sequential decisionmaking
framework for the government and compute the Markov perfect equilibrium tax policies. We
show that Markov perfect policies differ substantially from optimal policies. In particular,
we find that labor and capital income taxation follows qualitatively similar stochastic pro-
cesses. Another interesting robust finding is that the Markov equilibrium has the government
essential endow government spending - it builds up a stock of assets generating sufﬁci\ent
interest income to finance expected expenditures, and uses income taxation to absorb devia-
tions. Therefore, debt follows a mean reverting process in the Markov equilibrium, whereas

it follows a random walk with the optimal policy.

However, building on work by Barro and Gordon (1983) in monetary policy and Chari,
Kehoe, and Prescott (1989) in fiscal policy, we know that optimal policies can be imple-
mented even if a government lacks a precommitment technology. Therefore, there is a large
multiplicity of subgame perfect equilibrium for our policymaking game. This multiplicity
of equilibria for the sequential decisionmaking environment implies that theory gives no
guidance as to which type of outcome we should expect. However, since the nature of the
two types of equilibria differ substantially, we do have the basis for a test to see which
kind of equilibrium best describes the data. Whereas optimality implies that labor taxa-
tion and capital taxation follow substantiaily different processes, the two tax rate series are
stochastically similar in a no-commitment equilibrium sequence of decisions. Given that
the two hypotheses, optimality versus no-commitment equilibrium, give such wildly different
predictions concerning tax rate processes, an examination of the data is in order. A first ex-
amination would seem to support the no-commitment equilibrium hypothesis. For example,

Skinner’s (1989) analysis distinguishes between capital and labor income taxation, finding
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that they follow structurally similar processes, with a strong correlation between innovations
in both labor and capital income tax rates. While we have no quarrel with labor tax rates
as conventionally computed, we will argue that conventionally computed capital income tax
rates are inappropriate for use in tests of the optimality hypothesis. We argue that when
appropriate capital income tax rates are used, they are not persistent. We find that the
optimality hypothesis is to some degree a better description of the data, though a strong
finding is limited by the relatively small sample.

Linear-Quadratic Approximation

We will first examine a simple linear-quadratic specification of the social cost of distor-
tionary taxation. This will allow us to build on the Barro analysis by specifying the im-
portant distinctions between labor and capital income taxation, to explicitly compute both
the optimal policy and the Markov perfect equilibrium of a sequential game representing
governmental decisionmaking, and facilitate consideration of reputation equilibria.

We first specify the environment in which the planner operates. We assume that govern-

ment expenditures per period, gy, are exogenously determined, and follow an AR(1) process:

Gt+1 = PGt — Et41, el <1

where £; is an iid innovation process.

As in Barro, we allow the government to issue only risk-free debt. This contrasts with
the Lucas-Stokey analysis which demonstrated that state-contingent securities could play an
important role in allocating risk between the public and private budget sets. We focus on
the risk-free case since government-issued securities are nominally risk-free, implying that
only inflation is being used for risk-sharing purposes. In discussing the existing tax system,
it is easier to fist assume risk-free debt, and then discuss the extensions to risky debt.

We assume that the government can reise revenue only through taxation of capital and
labor income. Let L be the tax revenue frcm labor income taxation and K the tax revenue
from capital income taxation. We will assume these taxes distort the economy, but only over

a one-period horizon. More specifically, we assume that the government’s loss in period ¢
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depends only on taxation in period ¢ and period t — 1 ezpectations of period ¢ taxation.
loss, from the point of view of period t — 1, of period t taxation is assumed to be
1 ._-, 1 _-, 1 P
Ly=Ei 2 7Ly ¢ + Ei1 {5 "K,t} + 2 P {Et—l {WKt}}

where 7 is the state-contingent marginal rate of substitution between consumption at time
tandt -1

This loss function combines many aspects of factor supply, distortionary taxation, and
distributional considerations. First note how labor and capital income taxation are treated
differently in these loss function. The cost of labor taxation depends only on the state-
contingent labor tax revenue, whereas the efficiency cost of capital income taxation also
depends on a weighted expectation of capital income tax revenue. This difference represents
the critical difference for our analysis and is justified by the nature of factor supply.
assume here, as in the labor supply literature, that labor supply depends on the contempo-
raneous wage. This implies that the labor market distortion in state w depends on the labor
tax revenue in state w and that the total value of those distortions is the expectation of the
state-contingent distortions represented by the 71L? terms. The efficiency cost of labor taxa-
tion depends first on the elasticity of labor supply, but administrative and enforcement costs
may also generate social costs. These are all implicitly represented by 7L2; if the only cost
were the labor supply reduction and the value of labor supply were normalized to be unity,
then 7 would approximately be state-contingent compensated elasticity of labor supply.

In contrast, the primary social cost for capital taxation is associated with the expected
tax revenue. Investment decisions depend on the expected net returns and the responsiveness
of savings to anticipated tax liabilities, represented here by ¥. An expected tax revenue on
future capital income equal to E{#K} will reduce today’s level of investment below its

{E {ik}}z.

This distinction between capital and labor supply is standard and realistic. For example,
if one were told that all investment income over the next year were to be taxed at a rate of
100%, it is surely not the case that one would liquidate and consume all, or even a substantial
portion, of his assets, Whereas such a temporary confiscatory tax on labor income would

drastically reduce current labor supply. The critical aspect is that labor is a flow factor
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whereas capital is a stock factor. Even when one considers human capital the distinction is

not substantially affected: no matter how much education one has, labor supply will likely

be very low if subjected to a 100% tax rate.

In our general formulation, we have also added K2 terms to the loss function These
represent other state-contingent costs of capital income taxation to the social planner. For
example, there may be administrative costs to imposing the taxes (or subsidies) since firms
may manipulate their accounting to reduce their tax burden. Also, the planner may have
some preferred income distribution, experiencing a loss if the tax policy moves the income
distribution away from his most preferred doint. Since these losses are nonlinear and state-
contingent, they are not included in E {1'rf{ . Of course, there may be similar costs associated

with labor taxation; if so, we can consider them to be part of the 7 coefficients.

The loss function looks special since it does not allow for interaction effects between
capital and labor taxation. These interactions may be substantial: a high labor tax will
reduce labor supply and possibly reduce :nvestment earnings. By not allowing for these
interactions we are implicitly making a sraall country assumption. We are also assuming
that interest rate effects on labor supply are small. We will deal with these issues below
when we examine numerical solutions to a more general model. The important results below

are robust to these considerations since the intuition for the basic results is.

In order to keep the exposition clean, we will assume that #, jz, and 7 are alli.i.d. random
variables. Assuming a richer time series structure for these variables will only increase the

size of the state variable and add little of immediate interest to our analysis.

This loss function represents many poss:ble social choice mechanisms. It could be the case
that there is a representative agent whose preferences are represented by this loss function,
or we may be modelling a social planner not part of the society. When we discuss optimal
policy we are not distinguishing between these possibilities. Optimality just refers to being
on the intertemporal utility possibility frortier.
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Given these assumptions, the government’s dynamic optimization problem is
w o~ ~
Min g B{Y" 6* L(Ey, L}
t=0

oo
s.t. Z A+t (K, + L, - g)=0, as
=0

We will take a dynamic programming approach to this problem. The state of the economy

at any time is given by
z=(1Dg)
where D is the stock of debt and obeys the law of motion
Diyi=Q1+r)Di+ g — Ky — Ly
To keep things simple, we will assume that €, T, i, and 7 can take on only two values:
€ e {e1, &2}, Mpe{m, ma}, jur e {1, pa}, fe{m, n2}

The economy at any time is described by z, the financial state, and we{l, 2}, the shock to
the economy in each period which determines the value of €, T, 4, and 7.
The government’s controls at time ¢ — 1 are commitments to the state-contingent tax

rates to be in effect at time ¢, and are represented by the vector u;_;
w1 = (K1, Koy, Lty Lay)'

where K, ; and L, ; are period ¢ capital and labor income tax rates if shock w € {1, 2} occurs.

The law of motion for the state is
Ty = Azt+Bug

where, for we{1,2}

;/ 1 00
Av=1{€, 7 p
\€w 0 p

and B = 0 except for B,, (2,w)=B,(2,w +2)= -1
Note that the laws of motion for debt have random coefficients This makes it some-
what different from the usual linear-quadre.tic planning problem, but introduces only minor

complications. The loss function above car. be represented as u' Ru where
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m 0 0 0 0)
R= 110 n 0 0 0
2 [0 0 pitgnd imimaY
0 0 :mmyp  py+ 3miy
As with any dynamic problem, we need a terminal condition to nﬂe out Ponzi games
by the government. We will assume that the horizon is infinite to keep the convenience of
a time autonomous problem, but we will always select the policy which corresponds to the
limit of finite-horizon problems as the horizon becomes infinite, and where the loss function
in the last period is concave and increasing in D.
This problem is solved in the conventional way. Let V(D,g) be the value function for
the government at the end of each period, where D is the end-of-period debt and g is the

most recent government expenditure level. Then Bellman’s equation for V' is
V(D,g) = mgax BE{L(K,L)+V(D,3)} T
st. D= D(1+r)—f{—L+§
In our notation, this becomes
V(z) = max u' Ru+ E{V(z*)}
zt = Az + Bu
We assume that the value function for the government is quadratic in the state, being

equal to z' Pz for some negative definite P. We determine P by standard methods. If we

define H = B E {B'PB} then the first-order conditions imply that u = Jz, where
J=—(R+ H)'BE{B'PA}
The Ricatti equation for P is
P=BE{A'PA}+p*E{APB}(R+ H) ' E{B'PA}

As usual, explicit calculation of P is not tractable. However, iteration techniques do
allow us to compute P for any collection of values for A, B,r, and p. While a general
closed-form solution of this problem is possible (the Riccati equation is only a quartic) it is
rather inelegant. To highlight the basic insights we will first examine a simple case, which

also generates surprisingly robust results.

11



Extreme Case

The nature of the optimal policy is easy to determine in one particular case. Suppose that
the ez post state-contingent costs of capital income taxation are zero, i.e., there are no state-
contingent redistributive or administrative costs to capital income taxation. Furthermore,
assume that the state-contingent marginal rate of substitution, #, is unity, and that 7 1s

constant, 7 = 9. The loss function reduces to
1 -, 1 s Y2
L= Ey EﬂLt + '2'¢ Ey 1 { K
We also assume that the social planne='s discount rate, 3, equals (1 + #)™!, a common
simplifying assumption. For example, it would hold near a steady state in a representative

agent model. We also assume that labor and capital income are constant over time and

states.

The first-order condition trading between increasing labor tax revenue in state ¢ in period

t and increasing it in all subsequent states in period ¢ 41 is

7Ll = B {77 I/t+1}
implying that L is a random walk. This is the standard result on which most empirical tests
of the optimality hypothesis are based. Tae Barro model is just this special case plus the

assumption that there is no capital income.

In period ¢ — 1, the first-order condition between L; and K, implies that

7Ly = ¥ By {Ki}
Note that the right-hand side is independent of the state at . Therefore, L = L;. However,
L is a random walk, implying L; = L.
Next, we find that trading off between L: and f(t+1 implies 7 Li=1v Ey {kt+1}- Since
I,=1, E {f{t+1} = K, a constant. Combining these results, we find that

N
< |3

In fact, assuming that K is stationary we can explicitly calculate K,
i{t =K + E,; {PVGt} —FE; 4 {PVGt}
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Hence, K; is white notse!

Next, if we assume that 9 is nearly infinite, which is implicitly the case in perfect foresight
analyses of optimal tax analysis (Judd (1985)), then we see that K should be nearly zero.
Note that this does not affect the variance of K, as expressed above. The assumption of

a large savings elasticity does not eliminate capital income taxation, it just reduces the

ezpected rate to zero.

The results for this case are particularly striking. While we still find that labor tax
rates should follow a random walk, we find that they should actually be constant, and that
capital income taxation will be highly variable. The key idea behind these results is that
any tax structure must address two problems: raise adequate revenues and deal with shocks
to revenue needs. We find that in an optimal income tax scheme these roles are divided
between labor and capital income taxation, with labor taxation raising most of the revenues
and capital income taxation acting as the shock absorber.

The reasons for this division of roles are clear. The efficiency cost of capital taxation
depends on the market value of tax liabilities at the time that the capital is formed, after
which it is supplied (almost) independently of the ez post net return. Taxation of capital in
place is close to a lump-sum tax; therefore, if times are “bad,” the efficiency cost of raising
capital income tax rates to finance unanticipated expenaitures is low. Furthermore, if there is
new information indicating that expenditu-es will be unexpectedly higher for many periods,
the efficiency cost of the unexpected tax increases will be zero even if current taxes are raised
enough to cover the unanticipated increases in future needs as well as current needs. In fact,
the government would not want investors to think that future tax rates will rise to cover the
increase in future revenue needs since that would lead to distortions in investment decisions.
Ez ante, the anticipation of this possibility would discourage investment. However, one could
offset this ez ante distortion with favorable treatment of capital whenever the government
observes unanticipated decreases in revenue needs. This possibility surely exists since, by
the definition of unanticipated, for every possible future state with an unexpected increase
in government revenue needs there is a possible future state with an unexpected decrease in

revenue needs.
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The optimal tax treatment implements the policy we have outlined, calling on capital
income sources in times of unanticipated increases in revenue needs and making unanticipated
reductions in the tax burden of existing caoital when revenues exceed needs. Therefore, the
optimal income tax treatment implicitly has an investor sell insurance to the government:
when an investor increases the capital stock, he implicitly agrees to absorb unexpected
differences between revenues and expenditures through capital income taxation.

This insurance idea is essentially the same as in Lucas and Stokey where they argued that
the government should issue debt which redemption is contingent on government expenditure
and is financed by labor taxation. We see that when such bonds are absent but capital is
present, the optimal tax treatment of capital implicitly implements this state-contingent
debt instrument. It is straightforward to show that the introduction of state-contingent debt
will not affect any of our results since whatever can be accomplished with state-contingent
can be implemented with our state-contingent capital income taxation in this case.

Even when our optimal capital income tax policy does no more than implement state-
contingent debt, it is of practical interest. It may seem odd to seriously consider other forms
of state-contingent debt since we do not often see such instruments. Some argue that nominal
debt implements such risk-sharing, but that can be true only if monetary policy is concerned
solely with these budget considerations. Generally, it is unlikely that nominal debt and
monetary policy can costlessly fill the shock absorption role, as would true state-contingent
securities If there are costs of inflation and price volatility (see Carlton (1982)) then one
wants to have low and constant rates of infiation. Therefore, even when the government can

issue nominal debt, it may still want to implement some insurance through capital income

taxation
It may appear excessive to spend so much time on this extremely special example. Ex-
amination of more realistic parametizations of our linear-quadratic specification, however,
shows that the general points are robust. Optimal capital income tax rates will generally be
more volatile than the optimal tax rates of labor income. In particular, the impulse response
patterns are more severe and short-lived for capital income taxation than for labor taxation.
A second, and more important reason for this focus is the finding that these extreme
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results appear to continue to hold when we leave linear-quadratic approximations and take

a utility function approach, to which we next turn.

General Utility Functions

As always, the linear-quadratic model is only an approximation with many obvious
limitations. For example, it assumes that it is possible to raise revenues in excess of income.
Our particular specification ignores any interactions between capital and labor supply. Before
we can have confidence about our results, we must determine whether they are dependent
on these degenerate characteristics.

To test the robustness of our results, we numerically examined a simple finite-horizon
model of uncertainty in government expenditure and/or factor productivity. We assumed
that factor productivity was exogenous to the agents’ actions, essentially making a small-
country assumption. Specifically, we assumed that utility over consumption and labor supply
was additively separable, and that both the elasticity of labor supply and the elasticity of
intertemporal substitution were constant. In this model, we allow fluctuations in the wage
and interest rates, the marginal value of government consumption (also given a constant
elasticity, additively separable specification), and the level of exogenous, necessary govern-
ment expenditure. We permitted independent linear taxation of both labor and interest
income. We computed the state-contingent factor tax rates which maximize the utility of
the representative agent subject to the constraint that all revenues go to finance government
consumption.

Timing assumptions were made to keep the problem from being trivial. We assumed
that each agent began with some wealth, but that in the first period only labor income could
be taxed, thereby avoiding a capital levy which would provide all necessary tax revenue.
Since pure nondistorting capital levies can occur only in the first period, a time which has
little if any economic content, ruling out capital levies in this way allows us to focus on the
long-run character of tax policy. After the first period, both capital and labor income are
taxed. All state-contingent tax rates are known at the beginning.

Since this is a representative agent model, we are implicitly assuming that the social and

market rates of discount are the same and that there are no redistributive motives. Also, we
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abstracted from state-contingent administrative costs. These assumptions are qualitatively
the same as in our special case above where (1 +7)3 =1 and i = 0.

The results were striking. Strong nonccnvexities make numerical computation of the op-
timal tax policy difficult, but as long as the share of GNP going to government consumption
is not unrealistically large, we were able to compute the opt.imal tax policies. In all cases,
the wage tax was constant after an initial period. Also, in the second period there was some
taxation of capital income (an attempt on the part of the solution to impose something close
to the capital levy not allowed in the first period), but thereafter capital income tax rates
fluctuated in perfect step with news about government consumption, generating revenues
with zero ez ante market value. These are exactly the same results which we computed in
our seemingly special extreme example.

The pattern of capital tax rates also fit the “good news, bad news” rule discussed above.
Capital income tax rates were high whenever there was new information indicating that the
share of GNP going to government consumption was going to rise. This included cases where
a negative shock to the marginal product of capital lead to an increase in the capital income
tax rate. This conforms to the general intuition: a shock to revenue needs relative to GNP
must be absorbed somewhere, and the best absorber is one which has a low ez post welfare
cost.

Given the similarities between the special case and these nonlinear cases, it is not too
surprising that the results are the same. These exercises do show, however, that the unattrac-
tive features of the linear-quadratic approximation do not drive the main implications. The
absence of saving-leisure interactions was apparently unimportant since our nonlinear ex-
amples allow for such interaction and still get the same result. The same can be said for
the myopia implicit in assuming that the efficiency cost of capital income taxation depends
only on the immediately succeeding period’s tax rates. Therefore, these exercises lend strong
support for the general qualitative conclusions of the linear-quadratic specification; in par-
ticular, optimal taxation will have capital taxation fill a shock absorber role with labor being

the primary source for tax revenue on average.

Tax Policy Implications
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At first blush, our results appear to have no chance of describing actual policy. For
example, the corporate income tax rate hes changed only a few times in the last 40 years,
mostly “fluctuating” between .48 and .52. To demonstrate that it is plausible that much of
this volatility is going on, we next relate our general results to specific provisions of the tax
code.

The first source of fluctuations in capital income taxation is inflation. Inflation has a
strong impact on the taxes businesses pay. For example, depreciation allowances are nominal;
therefore, high rates of inflation reduce the value of those deductions and raise the ez post
tax rate. Furthermore, inflationary shocks reallocate real income between bondholders and
equityholders, also resulting in revenue chenges since debt and equity are taxed differently.
These effects are substantial, as shown in Feldstein and Summers (1979). The nonindexation
of capital gains is also a major source of revenue, and is also criticized in Feldstein et al. ().

An examination of the stock of nominal tax shields shows that the potential magnitude
of the nonindexation effects is certainly significant. Gross business fixed investment is about
ten per cent of GNP, with thirty per cent of investment being structures and seventy per
cent being durable equipment. Since structures are written off by about four per cent per
year, and equipment around fourteen per cent per year, if we assume an inflation rate of
six per cent then the stock of unused tax shields for equipment equals 35% of GNP and for
structures equals 30% of GNP. When the corporate tax rate equalled .5, this implied that
the real value of the nominal liabilities implicit in depreciation tax shields was a third of
GNP, equalling the current ratio between GNP and privately held debt. At a corporate tax
rate of .34, these liabilities equal almost a quarter of GNP. While this calculation is valid for
investment in corporations wholly owned by pension funds, the considerations of investment
held in proprietorships and partnerships and the personal taxation of dividends adjust the
calculations in contrary directions. In any case, we see that the nominal liabilities implicit in
nominal depreciation roughly equals (and, in the recent past, probably exceeded) the stock
of nominal privately-held debt.

The impact of inflation on corporate income taxation has been extensively discussed.
Feldstein and Summers decompose the impact of inflation into depreciation and interest
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components, and demonstrate that inflation substantially increases corporate income tax-
ation. For the years 1954 through 1977 they calculate the cumulative effect of inflation
on corporate income tax payments. For example, corporate income taxation was almost
thirty billion dollars greater in 1974 due to inflation’s impact on depreciation allowances and
that almost all corporate income taxation in 1974 was due to inflationary effects. They did
not distinguish between anticipated and unanticipated inflation. Since most inflation in the
1970’s was unanticipated, much of the excess taxation was unanticipated. Their calculations
show that the excess taxation was small in the 1950’s and 1960’s when inflationary shocks
were much less. Therefore, the excess taxation which arises from inflation 15 substantial, but
much of it was unanticipated. Their empirical findings are consistent with the optimality
hypothesis, finding that inflation is a potent tool for raising tax revenue, but is used sparingly
on average and heavily only during periods of poor macroeconomic performance.

In light of our results, however, it is unclear whether these nominal features of the tax
code are undesirable. To the extent that inflation-induced shocks to capital income tax-
ation are appropriately correlated with “bad” news, various “bad” features of tax policy
and policymaking habits could be helping the tax system implement thé “shock absorption”
features of the optimal tax code. For exemple, if there is an adverse productivity shock
but no reduction in government consumption, then some tax rate must be increased. How-
ever, (assuming the quantity theory of money) if the Fed did not reduce the money supply
then there would be an increase in the price level. Since depreciation allowances are not
indexed, their real value would decline, effectively increasing real government revenues. Fur-
thermore, the nominal treatment of capital gains taxation would also lead to an increase in
tax revenue. Therefore, with nominal depreciation allowances we have an automatic increase
in taxation when the economy experiences an adverse productivity shock. Symmetrically,
there is a reduction in capital income taxation when there is a positive productivity shock.
These arguments show that various nominal aspects of the tax code may be consistent with
optimality.

Recent years has seem much advocacy of replacing the current income tax with a con-
sumption tax (e.g., Hall and Rabushka (1983), McLure (1989), Bradford (1986)). These
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arguments are supported in the theoretica’ literature. Atkinson and Sandmo (1980) exam-
ined an overlapping generation model, showing that interest taxation should be zero under
plausible separability conditions. Judd (1985) analyzed optimal tax policy in a model with
multiple types of infinitely-lived agents with Uzawa-type utility functions, showing that any
Pareto social welfare objective will impose a zero tax rate on capital income asymptotically

if it imposes a convergent policy.

However, this model implies that income taxation strictly dominates consumption taxa-
tion if there is uncertainty about factor preductivity or government expenditure. The supe-
rior performance of an income tax arises since fluctuations in the optimal capital income tax
are engineered to provide insurance for the government, allowing it to keep labor tax distor-
tions smooth. If (proportional) consumption taxation were the only tax instrument, than
the optimal policy would adjust consumption tax rates in response to expenditure shocks,
inducing variance in labor tax distortions and increasing the total cost of tax distortions.
Since one of the options in our policy spaze, but not chosen, is to allow labor and capital
income tax rates to move as they would uader consumption taxation, we find that income

taxation strictly dominates consumption taxation.

Another interesting aspect of optimal tax policy is how it reacts to “news.” Any time
there is a decision to “reform” the tax system, there is a debate as to whether income
tax rates should be cut or investment incentives should be increased. The difference is
that cuts in tax rates generates a lump-sum rebate to the owners of old capital, whereas
investment incentives are targeted to enccurage new investment. The differences may be
quite dramatic; for example, Auerbach and Kotlikoff (), and Judd (1987) have shown in
both overlapping generations and represen:ative agent contexts that investment tax credits
may indeed be self-financing, whereas there are no plausible theoretical examples of such
for tax rate cuts. These results appear to argue that tax reforms should be focussed on
investment incentives. However, in our model we find that tax reforms motivated by new

information” about expenditure needs or factor productivity should lead to relief for old
capital, and only moderate investment incentives for new capital. This nonintuitive result is

due to the insurance nature of the optimal capital income tax — if the government has good
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luck than it should pay the owners of old capital since they bore the risks associated with

the chance that bad luck could have happened instead.

The impact of inflation (or, to be more precise, inflationary expectations) on the cost
of capital has been recognized in both academic and policymaking circles. Congress has
often addressed the adverse effect inflation has on investment incentives. However, there has
been a tendency to counter inflationary expectations with investment incentives instead of
indexing, a habit which is often criticized in the academic literature. Such a policy is also

consistent with optimality since it reduces the ez ante tax rates without reducing the ability

of the tax system to absorb shocks.

This also implies that the variability of ez post tax rates should be high. These results
are consistent with the argument (see, e.g., Bulow and Summers (1984)) that the cost-of-
capital formula should be adjusted for inflationary impacts on depreciation allowances and
inflationary shocks to debt vs. equity allocation of corporate income, but only to the extent
which that inflation is correlated to real shocks. Furthermore, those adjustments do not
indicate inefficiencies in tax policy and do not argue for indexation.

Our model does not contradict recomendations for indexing and consumption taxation
as much as supplement them These earlizr theoretical and policy discussions focussed on
a deterministic world, analyzing the best way to raise revenue on average and ignoring the
problem of how to absorb shocks to the government budget constraint. The ez ante, i.e.
average, tax distortion imposed on capital income in our model is generally low, related
to differences between the planner’s discount rate and the interest rate, results which are
consistent with the earlier deterministic analyses. The usefulness of capital income taxation
lies with its ability to absorb shocks withcut generating much inefficiency. Indexation and
consumption taxation would be fine if alternative shock absorbers were also introduced

In discussing these issues, we must note that we are not saying that any use of indexing
is bad nor that every twitch in monetary policy has been optimal. The main message is
two-fold. First, the absence of indexing is not necessarily suboptimal, as argued forcefully
by many, and a rush to introduce indexing into the U.S. tax code may reduce its ability to

deal with various shocks. Second, focussing on the nominal aspects of the U.S. tax code and
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the potential importance of monetary policy in implementing an optimal tax policy shows
that any study of optimal monetary policy must take into account the tax interactions. To

that end, we next discuss connections with related monetary policy analyses.

Monetary Policy Implications

The arguments above discussed the role of inflation in affecting real tax liabilities, in-
dicating that inflation should also be considered a part of tax policy. More generally, this
implies that any analyses of optimal monetary policy should consider all budgetary impli-
cations of inflation, not just seigniorage. This is not just a debating point, but strongly
supported by quantitative considerations. Recall that both Federal nominal debt and capi-
tal consumption allowances each exceed ten per cent of GNP, which currently i1s about 4.5
trillion dollars. Since the monetary base is roughly $200,000,000,000, it is small relative to
the net outstanding nominal debt of the government and the stock of unused depreciation
allowances. When we properly include ths latter components, we find that the monetary
base is less than a fifth of the Federal governments total nominal liabilities. Below we shall
see that corporate debt also must be included when considering the impact of inflation on
the government’s budget constraint as long as there is a substantial gap between the tax
rates of corporations and debt-holders.

These observations have two implicaticns for monetary analysis. First, monetary policy
discussions which focus on seigniorage miss the bulk of its effects on the government budget
constraint. Second, inflation should be explicitly treated as a tax on a stock of liabilities.
This last observation is most important for our purposes since it indicates the appropriate
modelling choice. Monetary analysis has taken two modelling approaches yielding dramat-
ically different results. Mankiw assumed that the social and private costs of inflation were
solely a function of the contemporaneous rate of inflation. This is akin to assuming that
individuals rent money during a period, paying a higher implicit rental fee in periods of
high inflation. This specification yielded the same random walk characterization for optimal
inflation policy as in Barro. This result contrasted strongly with Turnovsky and Brock, who
instead chose to model explicitly the money demand process (via a transaction cost specifica-

tion), making the more realistic assumption that the private sector held the stock of money
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at all times, and solved for the optimal moretary policy. They found that the optimal policy
involved a high initial rate of inflation, folilowed by low inflation. Furthermore, they found
that the optimal taxation of capital incom= involved the same kind of policy, the similarity
being intuitive because both involved the taxation of a stock.

Since different monetary theories may yield different money demand specifications, it is
difficult to choose which of these models should be used for an analysis of optimal monetary
policy. However, we do not need to make such a choice since it is clear that the great bulk of
the government’s nominal liabilities are stocks, making the Turnovsky and Brock approach
substantially more sensible. This turns Mankiw’s empirical conclusions upside-down. It
is obvious that once we add stochastic elements to a Turnovsky and Brock analysis, the
optimal inflation rate process will be white noise, not a random walk. Therefore, Mankiw’s
acceptance of the random walk specification is a rejection of optimal monetary policy.

The use of inflation in implementing tax policy also implies that one should consider
fiscal policy reactions to inflationary shocks. For example, while an inflation shock may be
used to impose a tax on the holders of nominal assets, continued inflation could raise the cost
of capital and reduce the incentive to invest. There are two ways to correct this problem.
One would be to bring the inflation rate down to some desirable permanent level, as a white
noise specification would do. If there were some considerations which would make it difficult
to do this immediately, then an alternative would be, for example, to increase the invesment
tax credit Both responses would bring the cost of capital down to the desired permanent
level

These considerations show that, when we integrate the simple models typically used
for optimal policy analysis, there are no predictions for the separate instruments of tax
policy since they are redundant. In particular, we can not predict that inflation will be a
random walk, nor can we predict that the income tax rate will be a random walk. The only
predictions of theories which focus on basic factor supply and money demand considerations

concern the overall net tax rate.

No Commitment: Markov Perfect Equilibrium Policy
Our optimal taxation analysis used a dynamic programming approach which was equiv-
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alent to assuming that the optimal state-contingent policy is formed at some initial time
with no changes permitted later. Optimal taxation of capital income is a well-known ex:
ample of dynamic inconsistency, i.e., if a government is permitted at some future time to
make a permanent change in its policy, it will (see Chari,Kehoe, and Prescott, Kydland and
Prescott, Turnovsky and Brock, Sargent). For example, under our optimal policy, when the

government is confronted with bad “news’ it taxes capital heavily, essentially making the

following claim:

“Today, we need extra revenue; therefore we will heavily tax current
capital income accruing to investments made in the past; but this should
not deter you from making investments today because we promise that the
expected taxes on future income arising from today’s investment will be low.

In fact, if we get lucky and receive more revenues than we need we will give

the excess to you.

Any such speech would be met with skepticism. If a good state of the world would occur
in the next period, the government be tempted to use the extra revenue to permanently
reduce labor income taxation instead of giving it to the owners of old capital. Reducing
labor income tax rates permanently will reduce the present value tax distortions, whereas
transfers to capital will have no such salutary effects on economic efficiency. Therefore, if the
government were not tied by its previous speeches, it would renege on its promise and not
make the rebates to capital. In fact, if the government could rewrite the tax law, it would
impose a heavy tax burden on the owners of capital since capital cannot go anywhere in the
short-run.

The inconsistency here is due to a difference in short- and long-run elasticities of capital
supply. Fz ante, the elasticity of capital supply is moderate, so policymakers want to keep
the expected capital income tax rate low. Ez post, the elasticity of supply is essentially zero,
making capital income a low-distortion source of revenue.

Casual examination of our political institutions indicates that it is unrealistic to assume
that a government can commit to future tax policies. By affecting the level of debt (which

we assume cannot be totally renounced at the margin by future governments) a current
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government can affect future decisions. But future Congresses and Presidents have free reign
to change tax rates and depreciation rules. Furthermore, precommitment to a tax policy
is equivalent to precommitment to a mone’ary policy since the tax code has many nominal
features. We should therefore examine the range of possible outcomes when governments

lack an explicit precommitment technology.

We next how governments will act wher they can make neither implicit nor explicit cred-
ible commitments. Governments will interact since current policy will affect future policies
through the debt it hands to the future governments; we are assuming that the obligations
implicit in debt are credible, secured, for example, by some constitutional provision. Also,
current policymakers will care about how future governments act. Therefore, both the cur-
rent government and private agents will make predictions about future policy, and how it
reacts to current choices. This is important in our model since investors will make predictions
about how tomorrow’s government will treat income from capital

Given these predictions, today’s government sets only current tax rates on labor and
capital income, having current information about government expenditure needs and business
cycle shocks. Today’s tax decisions depend only on the current level of debt and “real”
information. We call the resulting sequence of decisions a Markov perfect equilibrium.

Some discussion of the terminology is in order here. We have chosen not to use the term
“consistent equilibrium” since it is incoherent. The predicate “dynamic consistency” applies
to solutions of optimal control problems, not to Nash equilibria of games. Some have argued
that the concept of “consistency” is equivalent to the notion of subgame perfection (see, e.g.,
footnote 40, page 621 in Blanchard and Fischer.) That is clearly false since there are many
examples where subgame perfect equilibria support the dynamically inconsistent optimal
precommitment policy; in fact, the policy reputation literature is devoted to establishing
this. Therefore, we will use the concept “Markov perfect equlibrium” as defined in Bernheim
and Ray. The key idea is that current policy depends only on the current “real” conditions,
independent of “unreal” aspects of the past, such as commitments.

We can compute the equilibrium sequence by adapting dynamic programming. Let

V(D, g,w) is the current value of future tex distortion losses if the beginning-of-period in-
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debtedness is D, the previous period’s government expenditure was ¢, and w is the current
shock. If the current shock is w, and the debt handed to the next government is D, the loss

function perceived by today’s government es it chooses K and L is
1 1 .
5 Mo L+ 5 o K? + BE,{V(D, g, o)}

Note the absence of the ez ante market value distortion term — that is a sunk cost.

Our basic result is that optimality for the current government implies that a Markov

perfect equilibrium choices for K and L must satisfy
ML =p, K = E,{Vp(D, g, ')}

This implies that if 7 ~ 7, i ~ p, then L and K follow the “same” stochastic process. We
shall establish this formally by computing the Markov perfect equilibrium.

We assume that the government has observes w at the beginning of each period, thereby
knowing the current level of government consumption and the current parameters for the
loss function when it sets current taxes. Furthermore, the current government believes that
tomorrow’s government will follow the policy u = Jz, where z = (l,p,g). Specifically,
if tomorrow’s government finds itself in financial state £ and shock w, it will set v equal
to Juz; therefore, J = (J;, J3)" These beliefs are important to the current government
since expectations about the next government’s treatment of capital income affects current
investment decisions and the current loss. However, the next government will not consider
this effect of their decisions since today’s investment decisions are sunk when tomorrow’s
government chooses tomorrow’s tax rates. Other than that, however, losses due to tax
policy are viewed the same by the current end the next government. Therefore, the problem

the current government faces if the current state is we {1, 2}, is given by
min , u R,u+ E{(J (Ayz + Bu))®J (Auz + Bu) + fV(Auz + By, w')}

where A,z + Bu is the law of motion contingent on the current state being state w.

If we assume that V(z, w) = ' W,, z, then the government’s problem is

min o v Rou+ E{(Auz + Bu) (J'®J + BW,) (Auz + Bu)}
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