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Abstract

The paper analyzes optimal time-consistent taxation in an overlapping gener-
ations model. The government must choose cohort-independent tax rates on
capital and labor income as well as borrowing in order to finance an exogenous
stream of expenditures. It cannot commit to future policies. We consider
optimal feedback rules for tax rates and borrowing which are Markov-perfect
and therefore time consistent by construction. Without precommitment,
capital income tax rates are quantitatively significant in the long run, of the
same order of magnitude as the share of public spending in GDP. We also
analyze the optimal response of tax rates to economic shocks.
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1 Introduction

There is an extensive literature on optimal second-best taxation in dynamic
general equilibrium (DGE) models.! With some exceptions, researchers have
used models of representative agents with infinite planning horizons. Fur-
thermore, it is common to assume that governments can precommit to fu-
ture policies, so that time incconsistency is not a problem. Optimal policies
are characterized as solutions to so-called Ramsey problems (1927), in which
the government maximizes a social welfare function (typically just the utility
function of the representative agent) subject to a set of constraints which
ensure that private agents’ first order conditions are satisfied. These models
lead to fairly striking predictions concerning optimal tax rates, which are
very different from the observed behavior of governments’ fiscal policies.
These predictions include the following.? 1) In deterministic models, the
optimal rate of taxation on capital income is zero in the long run. 2) With
endogenous growth and human capital, all capital tax rates are zero in the
long run. 3) The first-best social optimum can be achieved if it is possible
to tax capital income at arbitrarily high rates (a capital levy) in the short
run, while capital is supplied inelastically. To make the problem of optimal
taxation a non-trivial one, arbitrary limits are imposed on capital income

tax rates at the beginning of the government’s optimal program. 4) The

LThe possibility of lump-sum taxation is excluded in these models, so that the first-best
social optimum cannot be attained.

2See Ambler (1999), Chari, Christiano and Kehoe (1995), Chari and Kehoe (1998), and
Judd (1999) for surveys of the literature and of the standard results.



government’s optimal plan is not time consistent. If the government can re-
optimize and is not restricted in its choice of capital income tax rates, it can
achieve the first-best outcome from that point onward with a capital levy.
3 5) In stochastic versions of the problem, the average tax rate on capital
income converges to zero, but it is optimal to vary tax rates on income from
financial assets a lot in the short run in response to shocks.

The divergence between the predictions of representative agent models of
optimal taxation and the data means that these models are poor as positive
models of government behavior. Either real-world governments have behavior
which is highly suboptimal,* or the representative agent approach fails to
capture some essential features of the optimal policy problem. As normative
models, they have not satisfactorily addressed the issue of the credibilitiy
of precommitment. This has recently led researchers to examine optimal
fiscal policy in environments richer than representative agent models with
government precommitment. Some of this literature is surveyed in the second
section of the paper.

This paper sets up a model of overlapping generations with very different

3For this reason, I would argue that explicit mechanisms such as trigger strategies to
support the precommitment equilibrium are implausible, since they must lead to outcomes
that are worse than the first-best outcome. Papers which discuss commitment mechanisms
in detail, such as Stokey (1993) and Chari and Kehoe (1993) use models in which the
attainment of the first-best outcome is excluded by construction.

41 refer here to the qualitative and quantitative properties of the tax rates themselves.
Many studies have shown that rule of thumb behavior by private agents in dynamic models
can lead to very different behavior, while it does not necessarily cause large welfare losses.
It may also be the case that observed government behavior is suboptimal but not very
costly in terms of social welfare.



predictions. Capital ownership is not uniform across cohorts since house-
holds are born without assets and accumulate capital as they grow older. In
this setting, very high capital income tax rates are not optimal,® since they
redistribute too much income away from the old.° Since the government
cannot precommit to future rates of taxation, capital income tax rates do
not converge to zero in the long run. With precommitment, the government
could achieve its distributional goals by taxing (exclusively or primarily) each
cohort’s labor income.” I use linear-quadratic approximation techniques are
used to derive the optimal behavior of private households for a given gov-
ernment feedback rule, and iterative techniques to derive the government’s
optimal feedback rule.®

The paper is structured as follows. The following section briefly reviews
some of the relevant literature on optimal taxation in macroeconomic models.
The model is presented in the third section, along with a description of
the government’s optimal policy problem. The model’s calibration and the
simulation results are are presented in the fourth section. The fifth section

concludes.

5 Age-dependent tax rates are excluded by assumption.

6This means that it is not necessary to impose arbitrary restrictions on rates of capital
income taxation in the very short run when setting up the problem.

"This is essentially the result shown by Erosa and Gervais (1998), which I discuss in
the next section.

81 conjecture that one of the reasons that the use of Ramsey problems has been so
popular in the literature is that they allow researchers to use the so-called primal approach
(see Chari and Kehoe, 1998, for details), which simplifies the calculation of optimal policies.
Using this approach, it is possible to solve directly for the optimal allocations in the
economy. The tax rates and prices that support these allocations can be derived once
these allocations are known.



2 Relevant Literature

The classic result on the convergence of capital income tax rates to zero
was first derived by Chamley (1985, 1986) and Judd (1985, 1987), using
non-stochastic versions of the neoclassical growth model and extending the
work of Arrow and Kurz (1970) and Ramsey (1928). Optimal policy in
stochastic models was studied by Zhu (1992) and in a series of papers by
Chari, Christiano and Kehoe (1991, 1994, 1995). Jones, Manuelli and Rossi
(1993, 1997) analyzed optimal capital income taxation in endogenous growth
models with both physical and human capital.

The intuition of the classic result is straightforward. Representative
agents models with perfect competition have Euler equations for the marginal

utility of private consumption of the form (ignoring uncertainty):
At = BF (kpyr) (1 = 7f01) Mt (1)

where ); is the representative agent’s marginal utility of consumption at time
t, B is the subjective discount rate, F'(k;,1) is the private rate of return on
capital, which under perfect competition is just the marginal productivity
of capital (the value of the marginal unit of capital left over at the end of
t+1 in the interests of simplicity), and 7/, is the rate of taxation on capital
income in t + 1.

Using the primal approach (see footnote (4) above), the government’s

first order condition for its choice of the time ¢ + 1 capital stock leads to an



equation of the form
pir = BF'(ket1) pre (2)

where p; is the social marginal utility of consumption at time ¢. In the
long run, both the private and social marginal utilities of consumption are
constant, and it follows immediately that the capital income tax rate should
be zero. Judd (1999) derives the result with less restrictive assumptions. He
shows that it is not even necessary to suppose that the economy converges
to a steady state. The flatness of the representative agent’s intertemporal
consumption profile is crucial in deriving the result.

Models in which long-run capital income tax rates are not zero have
started to appear in the literature recently. Benhabib and Rustichini (1997)
and Benhabib, Rustichini and Velasco (1996) study optimal taxation in rep-
resentative agent models without commitment. They consider optimal gov-
ernment strategies which are robust at time ¢ to any possible deviations from
time ¢ on, in the sense that any deviation worsens social welfare.® They derive
the result that, in order to create the necessary incentives for the government
not to deviate from its optimal plan, capital income taxation rates must be
strongly negative. Klein and Rios-Rull (1999) study a representative agent
model in which the government must balance its budget each period with-
out borrowing. Optimal capital income taxation rates are nonzero in the

long run, and no additional restriction is necessary on initial capital income

9As in representative agent models of optimal taxation with commitment, they impose
a limit on the rate of taxation of capital income at the start of the optimal program



tax rates, since the government is prohibited at all times from building up
arbitrarily large claims on the private sector. The stochastic properties of
tax rates in their model are closer to the data than in similar models with
unlimited government borrowing.

In an important recent paper, Erosa and Gervais (1998) consider a model
with overlapping generations of households with arbitrary, finite planning
horizons. They show analytically that optimal fiscal policy with commit-
ment involves a tax rate on capital income that does not generally converge
to zero in the long run, in contrast to most representative agent models. How-
ever, when preferences are additively separable in consumption and leisure,
optimal capital income tax rates converge to zero after an initial period when
they are positive. Atkeson, Chari and Kehoe (1999) demonstrate a similar
result. In addition, in calibrated versions of their model, Erosa and Gervais
show that capital income tax rates are quantitatively quite small in the long
run (less than three percent).

Overlapping generations models have also been used to examine the ef-
fects of exogenous (not satisfying explicit optimality conditions) changes
in fiscal policy on economic equilibrium and welfare. These models have
included overlapping generations models in which agents have finite hori-
zons (Auerbach and Kotlikoff, 1987; Ventura, 1996), and models which use
the Yaari (1965) assumption of a constant probability of death or the Weil
(1989) assumption of overlapping generations of agents with infinite horizons

(James, 1994; Scarth, 1999).



3 The Model

The economy consists of overlapping generations of households with planning
horizons of I periods.!® The total population of the economy is constant.!!
There are no bequests, and individuals are born without assets. Perfectly
competitive firms rent labor and capital from households and produce goods
which are sold to both households and to the government. The government
finances an exogenous stream of expenditures by taxing labor and capital
income and by borrowing. Its exogenous expenditures include age-dependent

transfers which can be calibrated to mimic features of social security systems.

3.1 Households

Individual households born at date ¢ maximize the lifetime utility function
given by

T
Uoy = B> Bu(Ciprir 1 — Niprs) (3)

1=0

where ¢;+4; is consumption of households of age ¢ in period ¢ + 7, and n; 4,
is hours worked by households of age ¢ in period ¢ + 7. Households of age 7

have the following period budget constraint in period ¢:
eiwt(l — Tt)ni,t + (1 + Tt(l - Ttk))ai’t + Sit = Cit + it1,t4+1 (4)

where ¢; is an age-specific productivity parameter, w; is the real wage per

efficiency unit of labor, 7; is the tax rate on labor income, a; ; is asset holdings

10The goal is calibration to annual data.
1 The specification of the model could easily be modified to incorporate realistic demo-
graphic dynamics. This would not alter the main conclusion of the paper.



at the beginning of period ¢, 7; is the rate of return on assets, 77 is the rate of
taxation on asset income, s; ; denotes social security transfers to households of
age 7, and ¢;; is consumption of households of age 7 at time ¢. Age-specific tax
rates are ruled out by assumption, but age-specific social security transfers
are allowed. Households are born without assets and die without debts, so
that

Qo = Ar41,t = 0, Vt.

The asset market structure of the economy is as follows. All assets pay
the same rate of return as the rental rate on capital, and are taxed at the
same rate. All lending and borrowing across cohorts takes in the form of
this type of asset, as does borrowing by the government. If A;; represents
average asset holdings by the cohort of age ¢ and if b; represents the stock of

government bonds at time ¢, in equilibrium it will be the case that

I
(Z Ai,t) - B =A; - By = K,
i=1

where K is the aggregate capital stock. In equilibrium it will also be the
case that

’l‘t+6:Rt

where R; is the competitive rental rate of capital. This asset structure sim-

plifies greatly the solution of the model.'?

12Rios-Rull (1999) shows that that enriching this type of model with state-contingent
markets makes little quantitative difference.



Period utility is given by

(Ci,ta(l - ni,t)l_a) v
l1—-0

: (5)

U (Cipir 1 — Miggi) =

where 0 < # < 1 and o > 0 captures both the intertemporal elasticity of
substitution and relative risk aversion. Households’ first order conditions for

utility maximization include the following:'?

Ouy
- — )‘z )
aCi’t ot 0 (6)
aui
_anzi + )\i,teiwt(l - Tt) = 0, (7)
=i+ Ey (5 (1 + T (1 - Ttk+1)) /\i+1,t+1) =0. (8)

The first two first order conditions hold for ¢ = 0,1, ..., I while the last first
order condition holds only for + = 0,1,...,I — 1, since of course it must be

the case that
Ary1,+1 = 0.

The consumption Euler equation and labor supply equation can easily be
used to solve for the steady-state life cycle profile of consumption and labor
supply given the steady-state real wage and capital rental rate, by adjusting
the initial level of consumption, iterating forward, and verifying if the lifetime
budget constraint is satisfied.

We could model retirement in this economy by setting ¢; to a very low

value for older cohorts, with publicly-provided old age pensions captured by

3For the purposes of numerical simulations, we derive households’ optimal feedback
rules using dynamic programming techniques, which give feedback rules depending only
on the economy’s predetermined state variables.

10



the s;; terms. Since we simulate the model by using linear-quadratic approxi-
mation techniques, in practice this means that the simulation algorithm must
be adapted in order to impose the constraint that hours worked by retired

households are zero.'*

3.2 Firms

A representative competitive firm rents labor from young agents and capi-
tal from old agents and produces output according to a standard aggregate

production function given by
ye = 2N K0, (9)

where
I
Ny = Z €iTlit
i=0
Profit maximization leads to the following standard optimality conditions

which determine the real wage rate and the rental rate of capital:
wy, = az N, VK, (10)
R, =(1—a)zNK,™ . (11)
The log of the level of technology obeys the following law of motion:!?

In(z;) = In(z) + p, In(z4—-1) + £, (12)

4The only choice variable for retired households is consumption, which has to satisfy
the consumption Euler equation and the endpoint condition that assets are drawn down
to zero at death. Given the steady-state interest rate, we can impose the value of assets at
retirement that satisfies these restrictions, and solve the model backwards for the behavior
of younger cohorts in the steady state.

5We could easily allow for a trend in technology, but this would complicate the algebra,
without changing the nature of the results.

11



where ¢,; is a white noise shock.

3.3 The Government

The government finances an exogenous stream of spending and social secu-
rity payments by taxing capital and labor income and buy borrowing. Its

expenditures are given by
InGy=(1—pg)InG+ pgInGy1 + €4y, (13)

where (G; is government spending on goods and services, G is the long run
level of government spending, and €4, is an unpredictable spending shock.

The government’s flow budget constraint is given by
Gt + (]- + Tt)Bt + St = U]tNtTt + ’/’tAtTtk + Bt+1, (]_4)

where
I
St = Z Si,t, (15)
i=0
and where B; is the stock of government debt. We abstract from other forms
of taxation such as consumption taxes. In a slightly different context, Judd
(1999) shows that adding consumption taxes does not give the government
an independent policy instrument. It would imply that several different com-
binations of tax rates could be used to achieve the same competitive equi-
librium. We ignore this possibility in the interests of simplicity. In order to
simplify the algebra, the capital tax rate is applied uniformly to all assets

including government debt.

12



The government’s social welfare function is given by
0 ~ .
SWe =Y B""Uos 14 (16)
=0

This is just the sum of lifetime utilities of households discounted to their
dates of birth, using the social discount rate . Calvo and Obstfeld (1988)
show that the utility of individual cohorts must be discounted relative to the
beginnings of their lives in order to avoid problems of time inconsistency aris-
ing solely from the specification of the government’s preferences as opposed
to time inconsistency arising from constraints imposed on the financing of
the government’s activities.'® In the calibration of the model I set the so-
cial discount rate B equal to private agents’ discount rate, but in principle
the two could be different. Many of the terms in this infinite sum involve
consumption and hours at dates ¢ — 1 or earlier. These terms act as con-
stants that shift the level of the social welfare function without changing the
government’s optimal policy.

The terms in the social welfare function can be regrouped in order to

facilitate writing the government’s problem as a Bellman equation. We have

SW =33 (17)

i=0 j=0

This equation shows that, if the social discount rate is equal to private agents’
discount rates, the government’s one-period return function, which is just the
period-t term from the social welfare function, is just the algebraic sum of

cohorts’ period-t utilities across cohorts.

16Gee Ambler and Desruelle (1991) for a discussion of how time inconsistency arises in
dynamic games when agents share the same objectives but face different constraints.

13



3.4 Equilibrium

Competitive equilibrium in the model is defined in the standard way. Private
agents maximize their utilities for given government policy rules and given
prices. Markets clear given these prices. In addition, we impose the require-
ment that the government’s policy rules maximize social welfare subject to
the laws of motion of the economy which are derived by imposing aggregate
consistency constraints on individual agents’ optimality conditions. Aggre-
gate consistency constraints stipulate that individual agents’ choice values
such as future holdings of financial assets and capital, hours worked, con-
sumption, etc. are equal in equilibrium to their per capita aggregate coun-
terparts.

The model’s dynamics can be reduced to a system of the form:
Siv1 = S(Z4, Sy, ua), (18)

where S; is a vector of endogenous state variables at time ¢, Z; is a vector of
exogenous state variables, and u, is a vector of government policy variables.

The exogenous state vector is given by

Zt = {1,Zt} .

The vector includes a constant term in order to facilitate the numerical so-

lution of the model. The vector of endogenous state variables is

St = {Ata bt} 5

14



where A; is the (/+1)x1 vector of per-capita asset holdings of the I+1 cohorts
of households, and b; is equal to total private-sector holdings of government

debt. The aggregate capital stock in the economy is given by

1
Kt = (Z Azt) - bt-
i=1

The vector of government policy variables is

Uy = {Tt, Bt+1} .
One of the laws of motion for the state variables is just

bt+1 = Bt—|—1;

which has the effect of imposing the equilibrium condition that net bond
holdings by the private sector are equal to the supply of bonds issued by
the government. By using dynamic programming to derive agents’ feedback
rules, the model’s dynamics can be written in a form which does not depend
on forward-looking relative prices. This makes the government’s optimal
policy problem recursive, so that standard dynamic programming techniques

can be used to solve it.

3.5 Optimal Government Policies

Following Ambler and Cardia (1997) and Ambler and Paquet (1996, 1997),
the government solves its optimal policy problem using dynamic program-
ming methods and assumes that all future governments will do the same.

Klein and Rios-Rull (1999) use a similar formulation of the government’s

15



optimal policy problem in the context of a representative agent model with
a period-by-period budget constraint. As they note, this approach can trace
its origins to Kydland and Prescott (1980). By construction, the govern-
ment’s and private agents policy rules depend only on the current state of
the economy. Equilibrium in the model is sometimes known as Markov-
perfect equilibrium: see Bernheim and Ray (1989) and Maskin and Tirole
(1993).

The optimal policy problem does not have an analytical solution. We
find an approximate numerical solution to the problem using a quadratic
approximation to the government’s social welfare function given by equation
(16) and a linear approximation to the economy’s laws of motion as described
in equation (18). The pseudo-algorithm used to solve the model is described
in an appendix. The GAUSS code for the algorithm itself is available on

request from the author.

3.6 Existence and Uniqueness

For given policy rules, It is possible to demonstrate the existence of a com-
petitive equilibrium in this economy using a proof similar to that in Rios-Rull
(1996) and Balasko, Cass and Shell (1980). The uniqueness of the govern-

ment’s Markov-perfect strategy is a more delicate issue. [Section incomplete]
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4 Calibration and Simulation Results

Preliminary results are presented based on a calibration with I = 2. Agents
work in the first period of their lives. Young agents have only wage income,
while old agents have only capital income, which brings out the distributional
consequences of labor and capital income taxation in a very stark way. The

utility function of the cohort born at time ¢ is given by:

1
l1—0

(1—0) 1 _
(Cyt - ’Y”te) + 51 e (Co,t+1)(1 7,

Ut:

Table 1 summarizes the base-case parameter values used to generate the
numerical simulation results. Table 2 summarizes the model’s steady state
properties. The model’s predictions concerning the response of tax rates
to fluctuations in the level of technology are given in Table 3, along with
predictions from the model of Klein and Rios-Rull (1999) and the empirical
behavior of U.S. tax rates.

The optimal steady state tax rates on labor and capital income are re-
spectively equal to 0.165 and 0.203. The capital tax rate is quantitatively
important, and exceeds the ratio of government spending to output, which
is calibrated to equal 0.20. Total tax revenues in the steady state are in-
sufficient to finance government spending. In order to finance the difference
between spending on goods and services and tax revenue, the government
must receive a positive income from its holdings of assets. The optimal level
of government debt in the long run is equal to -0.008, which is approximately

equal to 6% of steady state real output. The steady state labor and capital

17



income tax rates are both below the average marginal tax rates in the U.S.
data (see Table 3), although government expenditure is calibrated to approx-
imately match its share in output. This can be explained by the negative
level of government debt in the steady state in the model.

Table 2 also gives the equilibrium level of output in the steady state,
and the decomposition of aggregate demand into consumption, investment,
and government spending on goods and services. The ratios of consumption,
output, and investment to output are not far from those in the data for
industrialized economies. The capital to output ratio in annualized terms
(25k/y) is equal to 5.22. The annualized real rate of interest on bonds ((1 +
7)(1/25) —1) is equal to 0.013. The capital rental rate gives the same after-tax
rate of return from financial bonds and physical capital. We have B(1+r) =
1.033 in the steady state, which implies that there is a slightly upward-sloping
profile for the marginal utility of consumption for each cohort of agents.

The optimal feedback rule for the government is given by:
T | [0017 0391][1
Bt+1 o 0.010 —0.047 | Zt

"
5139 0.001 0.000
+[—0.635 0.000 0.000] b (19)

Ty

The optimal labor income tax rate responds positively to both technology
shocks and the level of the capital stock, while the level of government debt
responds negatively to both of these variables.

Figure 1 gives the response of the labor income and capital income tax

18



rates to a positive one-standard-deviation technology shock. As can be in-
ferred from the signs of the coefficient matrices of the feedback rule (19), the
labor income tax rate increases in response to a positive technology shock
and then decreases gradually to its steady state level. The optimal capital
income tax rate jumps up when the shock hits, and then decreases sharply
in the following period, approaching its steady state level from below. The
responses of optimal tax rates to technology shocks are qualitatively similar
to those obtained by Klein and Rios-Rull (1999) in a representative-agent
model of time consistent taxation without borrowing,!” except that they do
not obtain an initial positive response of the capital income tax rate. The
difference is explained by the fact that Klein and Rios-Rull assume that the
government can commit to its (state-contingent) capital income tax rate at
least for the following period.!®

The first column in Table 3 shows the variance, standard deviations and
the coefficients of variation of capital and labor income tax rates for the

19 We compare our results to those in

model’s base-case parameter values.
Klein and Rios-Rull (1999). The second column in the table shows results

on the volatility of tax rates in their representative-agent model with com-

"They exclude the possibility of borrowing. As we note in the introduction, allowing
the government to set the future level of government debt (including a negative level of
debt) would allow it to attain the first best social optimum.

8There is also a quantitative difference. Klein and Rios-Rull show results for stochastic
simulations in which the stochastic process governing technology is a two-state Markov
process.

9The coefficients of variation are just the absolute values of the ratios of the standard
deviations to the means.

19



mitment by the government, and the last column shows results for their
model without commitment, both for the case where the period length is
one year. The mean capital and labor income tax rates in our model are
close to those in the data, and closer to their values in the data than those
predicted by the Klein and Rios-Rull model, except in the case of the labor
income tax rate with no commitment. The standard deviations of tax rates
in our model are quite close to those in the U.S. data, and close to those
in Klein and Rios-Rull for the version of their model without commitment.
Their results show that optimal capital income tax rates in models with pre-
commitment are highly variable compared to labor income tax rates. The
latter are extremely smooth when the government can precommit to its op-
timal policy. This is a standard feature of models of optimal taxation with
commitment. As summarized by Klein and Rios-Rull (p.20), “under com-
mitment the burden of taxation is borne almost completely by labor while
capital taxation accommodates all surprises.” In representative agent models
of optimal taxation with government borrowing, such as Chari, Christiano

and Kehoe (1994), capital income tax rates are generally even more volatile.

5 Conclusions

The paper develops an overlapping generations model in order to analyze
optimal fiscal policy in the absence of commitment by the fiscal authorities.
Optimal policies are Markov-perfect by construction.

The main result of the analysis is that optimal capital income tax rates

20



are much higher than in previous studies on optimal taxation in dynamic
general equilibrium models, and closer to the average marginal tax rates on
capital income in industrialized countries. We do not need to impose arbi-
trary limits on capital income tax rates in the short run in order to avoid
the capital levy problem. The model predicts an optimal capital income tax
rate which is much more volatile than that of the optimal labor income tax
rate. The relative volatility of capital income taxes is lower than in represen-
tative agent models of optimal taxation with precommitment, but it is still
higher than in the data for industrialized countries. The model also predicts,
for a wide range of parameter values, that the optimal level of government
debt in the steady state is negative. This is perhaps the major divergence
between the predictions of the model and the data. Aiyagari and McGrattan
(1994) show that the optimal level of government debt in a model of hetero-
geneous agents subject to liquidity constraints is positive. The availability of
government bonds allows liquidity-constrained agents greater consumption-
smoothing possibilities. Their model one of the few in the literature capable
of rationalizing a positive level of debt as the outcome of maximizing be-
havior by the government. Adding liquidity constraints to our model would
be the most obvious way to have optimal debt levels match the data more
closely.

It would clearly be interesting to endogenize at least a component of the
government spending decision. This would involve modelling government

spending as partially productive and possibly modelling the public good na-
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ture of certain types of government spending such as military spending. It
would also be possible to use the framework developed here to analyze op-
timal social security systems (subject to realistic institutional constraints).
Finally, an interesting extension would be to analyze the impact of optimal
fiscal policy on growth in an endogenous growth model. These extensions

are reserved for future work.
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Appendix: Pseudo-Algorithm for Numerical
Simulations

The numerical algorithm used to calculate the model’s equilibrium with
Markov-perfect optimal taxation by the government can be summarized as

follows.

e First, define some things that are constant across iterations.

Define structural parameters and certain constants.
Set the convergence criteria.

e Initialize some variables that change across iterations.

e DO

Initialize steady state values of states and private and public con-
trols.

Initialize steady state wage rate and capital rental rate.
Initialize coefficients of government feedback rule.

Initialize private sector feedback rules.

Initialize state transition matrices.

Initialize matrices to hold first order conditions of private agents.
Initialize matrix to hold value functions for all cohorts.

Initialize government’s value function.

Define one period return function for private agents in a suffi-
ciently general manner that it can be used for all cohorts.

Define one period return function for government.

until convergence of government feedback rule. (Beginning of

outer DO loop)

DO until convergence of private sector feedback rules. (Begin-
ning of inner DO loop)

x Update value functions and feedback rules as follows.

* DO for cohorts from I to 1.

- Calculate quadratic approximation to value function for
cohort 1i.

- Solve for first order conditions for cohort i.
- Impose aggregation.
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- Insert aggregated first order conditions into correct row
of matrix containing first order conditions for all cohorts.

* End DO.
x Solve simultaneous equation system for aggregate feedback

rules.

DO for cohorts from I to 1.
- Solve for feedback rules of cohort i.
- Calculate value function of cohort i given that of i+i.
- Update matrix containing all value functions.

End DO

x Check for convergence by comparing new to old aggregate

* % X X

feedback rules.

Update private sector feedback rules.

Update model steady state.

Update steady state real wage and capital rental rate.
Increment loop counter for inner do loop.

— End DO. (End of inner DO loop)
— Solve for optimal government feedback rule given new private sec-

tor feedback rules.

— Check for convergence of government feedback rule. This checks

for overall convergence of the algorithm.
Update the government’s feedback rule.

Update model steady state.

Update steady state real wage and capital rental rate.
Increment loop counter for outer do loop.

e End DO. (End of outer DO loop)

e Report results and save some outputs to disk.

Incrementing the inner and outer loop counters allow for stopping the
program if an arbitrary maximum number of iterations is exceeded.
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Table 1: Parameter Values

Parameter Value
b 0.75
0 0.75
o 0.64
0
o
Y

3.00
1.75
0.66
Pz 0.40
g 0.20
z 1.00
o, 0.01
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Table 2: Steady State Properties

Variable Value

Tn 0.165
Tk 0.203
B -0.008
Y 0.138
g 0.028
k 0.029
¢, 0.052
c 0.029
c/y 0.591
ily  0.208
q/y 0.200
25-k/y  5.220
by -0.058
n 0.333
w 0.265
R 1.727
r 0.377
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Table 3: Variability of Tax Rates

Model Klein/Rios-Rull ~ Klein/Rios-Rull Data
(Commitment) (No Commitment)

Capital Income Tax

mean 0.203 -0.002 0.650 0.283
s.d. 0.110 0.180 0.110 0.088
Cc.v. 0.543 85.71 0.170 0.309

Labor Income Tax

mean 0.165 0.310 0.120 0.248
s.d. 0.030 0.009 0.031 0.024
C.v. 0.181 0.028 0.250 0.097

s.d.: standard deviation

c.v.: coefficient of variation

The second and third columns are from Klein and Rios-Rull (1999, Tables 3 and 4).
The last column is from Chari, Christiano and Kehoe (1995, Table 12.4).
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