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Abstract

We evaluate the effect on welfare of shifting the burden of capi-
tal income taxes to labor taxes in a dynamic equilibrium model with
heterogeneous agents and constant tax rates. We calibrate and simu-
late the economy; we find that lowering capital taxes has two effects:
i) it increases efficiency in terms of aggregate production, and i) it
redistributes wealth in favor of those agents with a low wage/wealth
ratio. When the parameters of the model are calibrated to match the
distribution of income in terms of the wage/wealth ratio, the redis-
tributive effect dominates, and agents with a high wage/wealth ratio
would experience a large loss in utility if capital income taxes were
eliminated.

*We are thankful to J. Geweke, E. McGrattan, A. Braun, E. Prescott, L. Christiano,
O. Attanasio, M. Reiter, N. Roubini, D. Epple and C. Sims for helpful conversations.
Katharina Greulich has provided invaluable research assistance. Part of Marcet’s work
was done while he was a visitor at the Federal Reserve Bank of Minneapolis. Support from
the DGICYT, CIRIT, Instituto de Estudios Fiscales, CREI and the Barcelona Economics’
program of CREA is greatly appreciated. All errors are our own.

tGarcia-Mila and Ventura are at Universitat Pompeu Fabra. Marcet is at Institut
d’Analisi Economica CSIC and CEPR.



1 Introduction

A large part of the literature on dynamic taxation in equilibrium models with
rational expectations has reached the conclusion that capital taxes should be
abolished or, at the very least, severely reduced. Chamley (1986) showed that
in a dynamic equilibrium model with proportional taxes, full commitment
and time-varying taxes, it was optimal to suppress capital taxes in the long
run. This reduction in capital taxes would promote aggregate investment,
increase production and consumption in the long run.

This result has been shown to be robust to many extensions.” In par-
ticular, it is robust to the introduction of heterogeneity: even if agents are
heterogeneous optimal policies drive capital taxes to zero in the long run.?
In this way the study of capital taxation in dynamic rational expectations
models has provided rigorous ground for an old idea in economics: a de-
crease in capital taxes would increase the size of the pie and, perhaps, make
everybody better off.

The reduction of capital taxes is not a purely academic issue, it has
been at the forefront of policy discussions. Some countries have recently
reduced capital gains taxes or corporate taxes To mention a few, Spain,
France, Sweden and the US . The recent economic success of Ireland is often
linked to lower capital taxes. Indeed, most measures show that capital taxes
were extremely high, but that they have been going down in the last two
decades. Carey and Tchilinguirian (2000), with estimates for the OECD
countries for the period 1980-97, conclude that there has been a shift in the
relative tax burden from capital to labor, with an average annual decrease
of -.2% in capital taxes, and an increase of .3% on labor taxes. For the US
these rates are -.5% and .2% respectively.

Chamley’s result is only about long run tax rates: it is well known that
optimal capital taxes are not zero in the transition to the steady state. As
shown in Jones, Manuelli and Rossi (1993) the transition of optimal taxes
shows very large oscillations through time. Optimal taxes can take extreme
values in different periods, and the exact shape of the transition is highly
dependent on the exact model at hand, making it difficult to implement the
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'For a review of the extensions see the relevant chapters of Ljunqvist and Sargent
(2004) and Chari and Kehoe (1999).

2The result is obtained in Chamley (1986) and Judd (1985) and (1987). A proof for
the model considered in the current paper where no lump sum transfers ara available is
found in Atkeson, Chari and Kehoe (1999).



correct Ramsey tax policy in the real world. Therefore it is of interest to
study the effect of implementing policies with simpler dynamics, in partic-
ular, policies with constant tax rates. Inspired by the long run results of
Chamley, one could consider the effect of abolishing capital taxes and to set
labor taxes to a new constant level, high enough to keep the same level of
government spending. Lucas (1990) performed exactly this experiment in a
neoclassical dynamic model of capital accumulation and he found that abol-
ishing capital taxes and shifting the burden of tax revenue to labor taxes was
welfare improving. Cooley and Hansen (1992) confirmed these results even
when considering inflation tax and consumption taxes.

Lucas (1990), and Cooley and Hansen (1992) used a model with ho-
mogeneous agents. Therefore, they could not address issues of equity and
redistribution that immediately come to mind when the issue of capital vs
labor taxes is brought to discussion. Given the highly skewed distribution of
wealth observed in the real world we would expect large redistributive effects
of abolishing capital taxes. The object of the current paper is to study the
effects of abolishing capital taxes in a model with heterogeneous agents. In
this way we can address both issues of efficiency and equity.

We keep the model as close as possible to that of Chamley. Therefore
we consider a model of capital accumulation, infinitely-lived agents, flexible
prices, proportional capital and labor taxes, complete markets and competi-
tive equilibrium. We rule out redistributive lump sum taxes, as these would
render the redistributive issue irrelevant and such taxes are impossible to
implement in the real world. We also consider agents that can both save
and work, as in the data the vast majority of agents (excluding retired) do
so. We calibrate our model to observed heterogeneity of agents in a rele-
vant way for the exercise at hand. We find the usual result that a reduction
in capital taxes enhances economic activity: wages, aggregate investment,
aggregate consumption and aggregate output all increase by a significant
amount. Nevertheless, abolishing capital taxes also changes the distribution
of wealth since it increases the disposable income of capital-rich agents in a
major way; the redistributive effect is so important that the utility of agents
with a high wage/wealth ratio decreases dramatically; only consumers with
a low wage/wealth are better off. The effects on individual welfare are very
large: the lowest quintile of the population would suffer a loss of between
20% and 60% (depending on the calibration). Furthermore, depending on
the calibration, either 40% or 60% of the population would loose from the
reform. This means that, with heterogeneous agents, the transitional path
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of the optimal (time-varying) tax policy is crucial in reaching the optimal
Chamley/Judd allocations where all agents improve, and that simply abol-
ishing capital taxes has very large redistributive effects.

Some papers have shown how it may be difficult to implement Ramsey
policies due to time inconsistency. For example, Klein, Krusell and Rios-
Rull (2007) show how a time consistent policy would involve capital taxes
that are quite high in the long run. One possible conclusion from these
observations is that issues such as lowering capital taxes should be written
in the constitution. Our results would say the new constitution would have
to be written very carefully in order to be approved. The median voter is
likely to disagree with a change in the constitution stating that capital taxes
are lowered in one step and that they can never be changed afterwards.

Since we are extrapolating the behavior of the economy into an area
where no observations are available, the answer to this issue is both highly
dependent on theoretical and empirical elements introduced in the model.
In the paper we provide a careful discussion of two aspects that are of par-
ticular importance for the exercise at hand, namely the relevant aspects of
the wealth distribution and the elasticity of labor. In the empirical literature
on inequality it is standard to focus on either the distribution of wealth or
the distribution of income. We argue that, in fact, the whole joint distri-
bution of wealth, capital and labor income across the population matters.
In particular, we show that for our policy analysis the relevant dimension
of this distribution is the dispersion of the wage/wealth ratio across agents.
Therefore we calibrate the wage and wealth of our agents to the observed
distribution of the wage/wealth ratio. Another key aspect in the calibration
are the parameter values and functional forms that concern the elasticity of
labor, since this will influence the efficiency cost of the higher labor taxes that
are needed to compensate for the lost capital tax revenue. We argue that the
standard neoclassical model does not allow to match both the variability of
hours worked across time and across agents. Since we are particularly con-
cerned about agents’ heterogeneity we choose a highly inelastic labor supply
to roughly match the cross-section observations. Therefore a shortcoming
of our model is that it predicts a time series variability of aggregate hours
worked much too low. Finding a model that matches both cross section and
time series variability of hours worked would be ideal but it is a puzzle that
we do not address in this paper.

We use a standard neoclassical model of capital accumulation in order to



stay as close as possible to the original setup of Chamley.®> This allows us to
show in isolation the effects of introducing heterogeneity in the setup of Lucas
(1990), and Cooley and Hansen (1992), and in a model where the Chamley-
Judd result holds. Other papers have analyzed related issues.* These papers
confirm that our main finding is robust to many extensions: suppressing
capital taxes has large redistributive effects that would strongly decrease the
welfare of large parts of the population. To our knowledge other papers avail-
able do not incorporate the calibration of the distribution of the wage/wealth
ratio that we have emphasized.

Along the way, we reexamine the result of Chari Christiano and Kehoe
(1994) that suppressing capital taxes in a model with a representative agent
and high risk aversion would be undesirable. We find that if the calibration
maintains an empirically plausible capital output ratio, a homogeneous agent
would still prefer suppressing capital taxes. However, in a model with hetero-
geneous agents and high risk aversion, the redistributive effects of suppressing
capital taxes are very high.

The layout of the paper is as follows. The model is presented in section
2. Section 3 discusses issues pertaining to parameter calibration using data
from the US economy. Section 4 presents the results derived from the sim-
ulations. Section 5 performs sensitivity analysis to parameter values and to
the introduction of uncertainty. The conclusion ends the main paper. The
appendices discuss the details of the calibration using PSID data set, how
to convert the model with growth into one in deviations from trend, the
numerical algorithms used and the equilibrium conditions.

3This paper is a revised version of our 1995 working paper. The current version has
five agents, the main analysis is performed with a deterministic model, there are more
robustness checks of the results to parameter changes, and we have added the analysis for
the high risk aversion case.

*Correia (1999) shows analytically the source of redistributive effects in a model with
aggregation, Domeij and Heathcote (2004) use a model with incomplete markets and focus
on the effects of idiosincratic uncertainty. Flodén (2007) studies a model where the tran-
sition of capital taxes is found optimally for one of the agents in the model. Maliar and
Maliar (2001) derive aggregation results, calibrate the model with 8 heterogeneous groups
of agents and compare the results to those in Garcia-Mila et al. (1995). Some work has
been done on models of overlapping generations, for example Altig and Carlstrom (1999)
consider taxation and inequality in an equilibrium model with overlapping generations,
although different from our work they include redistributive transfers and do not distin-
guish between capital and labor taxes. Closer to our work Conesa, Kitao and Krueger
(2007) show that in a model with overlapping generations and idiosyncratic uninsurable
risk it can be ex-ante optimal to have high capital taxes.



2 The Model

In this section we describe a simple neoclassical growth model with heteroge-
neous agents, endogenous production, labor choice, exogenous growth,” and
government spending. Government can only use distortionary capital and
labor taxes. Agents differ both in terms of their human, and non-human
wealth. The benchmark model is deterministic. We introduce aggregate
uncertainty in section 5 in order to address some empirical and robustness
issues.

2.1 Consumer, Firm, and Government Behavior

Assume that n infinitely-lived consumer types indexed by j = 1,2,...,n de-
rive utility from consumption and leisure, and they are endowed with one
unit of time every period. The number of each type of agents is normalized
to 1/n. They receive income from working and from renting their capital.
All agents can work and accumulate (or divest) capital. Agents are hetero-
geneous in their endowment of labor productivity and initial capital stock,
and their labor and capital incomes are taxed at constant rates 7! and 7*.
Consumers of type j solve the following maximization problem:

max Y 6" [ u(cje) + v(lje 1) ]
{je} 45
s.t. Cit + /{Zj7t — kj7t_1 = ¢j ,ut Wy lj,t(l — Tl) + kj,t—l(ﬁ — d)(l — Tk)
(1)
k’j7_1 given

where {z;,} = {¢js, 11, kji },, are the choice variables of the consumer.

We assume separability in time and in the consumption-leisure decision.
Here, cj;, kj+, l;+ denote consumption, capital stock and hours worked of
agent j at time t; w;, r; denote prices of efficiency units of work and capital
rental, normalized in terms of the consumption good of the period. Agent j
produces ¢; efficiency units per hour worked. Labor productivity is assumed
to grow exogenously at the rate p; the wage obtained per hour worked in

Introducing growth explicitely is important in order to quantify the efect of deprecia-
tion allowances. This is because in the stationary version of the model total investment is
no longer equal to gross investment, therefore the size of the tax base is not the same as
if the basis of the analysis would be the stationary version of the model.
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period ¢ by agent j is, therefore, ¢; ut w5 Since we concentrate our study
on issues of distribution, our agents only differ in their initial wealth £; _; and
their efficiency of labor ¢; > 0; these are normalized so that % Z?Zl ¢; = 1.
Parameters §, d are in the interval [0,1], they stand for the discount factor of
future utility and the depreciation rate of capital. Notice that taxes on capital
are net of depreciation allowances. Functions u and v are differentiable and
satisfy the appropriate Inada conditions to insure interior solutions; u(-) and
v(-, p) are strictly concave; u(-) and v(l,-) are strictly increasing and v(-, i)
is strictly decreasing. Notice that capital holdings could be negative if the
agent decides to go in debt.”

There is one representative firm that maximizes period-by-period profits;
it manages a production technology, rents capital at a price r; and hires
efficiency units of labor at a wage w; to solve

max Y — Wy — Teky—q
(yt,et.ke—1)

S.t. Y = F(kt—la et) (2)

where 1, represents output, k;_; the demand of capital, and e; the demand for
efficiency units of labor. F'is the production function gross of depreciation,
strictly concave and homogeneous of degree one.

Since total efficiency units of labor supplied is < (Z;‘:l ¢jlj7t> wt all
variables grow at a rate u in the steady state except labor, which is constant
in steady state. The fact that the size of each group of agents is normalized to
1/n and the normalization % 2?21 ¢; = 1 guarantees that by setting ¢, = ¢,
and k; 1 = k; 1 forall 4,5 = 1,2,...,n we are back to the homogeneous
agent model in Lucas (1990).

We now discuss the constraints of government fiscal policy. Government

spending is exogenous but grows at the same rate as output, so the sequence

SIntroducing the trend of labor productivity (u!) in the utility function is a standard
way to insure a non-degenerate solution for hours worked in the long-run in the presence of
growth. This formulation has been controversial. Some economists have argued that this
is artificial, while others have argued that it is consistent with assuming that higher human
capital yields higher utility from leisure. This controversy is not relevant for our benchmark
calibration with log utility, where the term u! actually is absent from the utility function.
We only need the term ! in the utility function for some of the robustness exercises in
section 5.

" As usual, some additional lower bound on (possibly negative) capital holding has to
be introduced in order to rule out Ponzi schemes. The same will be true for the budget
constraint of the government.



of government consumption is given by g; = u'g for a given constant ¢.* Tax
revenues accrue from constant capital and labor tax rates 7%, 7. Government
can save or dissave by borrowing or lending at equilibrium interest rates.
It is well known this is equivalent with assuming that the government has
(possibly negative) capital stock holdings k7. This amounts to the following
budget constraint at period-t

1 n
Gk —E | = (r—d) (5 > /%t_l) ™ fwy, e m + (re—d)(1—7F) K9, (3)

J=1

Initial government savings k7| are given.

2.2 Equilibrium

We assume competitive equilibrium. As usual, an equilibrium is a sequence
for prices and allocations, and a government policy (g, 7%, 7!), such that when
consumers maximize utility and firms maximize profits taking prices and
government policy as given, they choose equilibrium allocations that clear
all markets and the budget constraint of the government is satisfied.

The equations determining equilibrium are as follows. Market clearing in
capital, labor and consumption good are given, for all ¢, by

1 n
AL e = )
j=1
1 - .
il OORUTS Vi Q
7j=1
1 n
- ch,t + gtk —(1—dk = u (6)
j=1

With interior solutions, the first order conditions for capital, and labor

8Since we maintain ¢ constant across policy experiments, the equilibrium computed
and the welfare gains discussed in sections 4 and 5 are consistent with a model where
government spending enters the utility function or the production function. To keep
notation simple, we write the paper as if government spending has no productive use.



choice in the consumer’s problem are

Vo) = 0u(un) 1+ m-d0-m) @
IR = o, ®

for all £ and j. Here, v/ = %. These are the familiar conditions setting the

intertemporal marginal rate of substitution of consumption (between leisure
and consumption) equal to the price of capital (labor) net of taxes.

As usual, equilibrium factor prices equal marginal product to set r; =
Fi(ki—1, e;) and wy = Fo(ki—1, e).

Equation (7) implies that for some constants \;

U (cnp) . ¢j V' (ln, ')
Wicie)  &n V' (Ligs 1)
For constant relative risk aversion (CRRA) utility of consumption this is the
familiar condition that under complete markets and common discount factors
the share of consumption is constant through time.
Finally, substituting (7) and (8) we obtain the present value formulation
of the consumers’ budget constraints

=\ forall ¢, all j=1,....n—1 (9)

i & u’(cn,;) (e —we p' & 1e(1— Tl)) = (10)

ki a(1+(ro—d)(1—=7%) for j=1,2,...,n

The budget constraint of the government is guaranteed by Walras’ law and,
therefore, can be ignored. This equation guarantees that the individual cap-
ital holdings can be ignored.

Equation (9) means that given {c,4,[,:} and the A’s we can find con-
sumption and labor for all agents j = 1,...,n — 1. Therefore, for each feasible
policy choice (Tl, T*, g) all equilibrium quantities can be obtained by finding
{ents lng, ke b0y and N’s that satisty (6), (7) for j = n, equation (8) for j = n,
and the present value budget constraints (10) for j = 1,...n. This reduces
the number of variables and equations that need to be found to compute an
equilibrium.? 10

9More precisely: equations (7) and (8) for j = 2,...,n, period-t budget constraints (1)
and (3) and the budget constraint of the government can be ignored.

10 Appendix 4 gives a formal proof of this simplification for the stochastic case and the
results, therefore, also apply to the non-stochastic case.
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This concludes the description of all equilibrium conditions.

3 Calibration, some stylized facts and some
analytic results

For our calibration we assume the following functional form of the utility
function:*!

C'Y(‘+1 (1 - l>7l+1 t(

u(c) = and (') =B et 11

(©) po—— (L, 1) o (11)

for v.,7v; < 0 and B > 0, and we assume that hours worked satisfy 0 < [;; <
1. Notice that, since we will choose v, = —1 in the benchmark calibration

the term p disappears from the utility function in that case.

As usual we use a Cobb-Douglas production function F'(k;_1, €;) = p* A
ki e

The effects of a tax reform are highly dependent on parameter values.
Therefore, we need to use parameter values that can arguably represent the
behavior of actual economies in a dimension that is relevant for our exercise.
In the rest of this section we describe the criteria that guided our choice of

parameter values in the benchmark economy. These parameters are summa-
rized in Table 1.

3.1 Preference, technology and policy parameters

To insure comparability with the rest of the literature and to match various
empirical regularities that are successfully explained by neoclassical growth
models many parameters are chosen in a standard way.

HCorreia (1999) and Flodén (2007) obtain interesting results using Greenwood
Herkovicz and Huffman (GHH) preferences. These preferences guarantee aggregation in
models with capital and labor taxes. The analysis is simplified, since aggregate quanti-
ties can be obtained without reference to the heterogeneity parameters. However, even if
aggegation obtains, one has to resort to numerical simulations to find the welfare effects of
the tax reform that we consider, so we would not save much numerical work by resorting
to these preferences. Furthermore, it is well known that standard GHH preferences imply
that status quo hours worked are zero in our model with growth. Finally, GHH preferences
have the counterfactual implication that the wealth elasticity of hours worked is zero. This
elasticity plays an important role in the response of hours worked to the elimination of
capital taxes. For these reasons we use more standard preferences where aggregation does
not obtain for a reasonable calibration of the heterogeneity parameters.
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We choose log utility, 7. = —1. This represents a low level of risk aversion
but it is the value most commonly found in studies of fiscal policy. In this
case we see from (9) that \; gives exactly the consumption ratio relative to
agent n :

Sty j=1,...n—1. (12)

As usual, B is chosen so that the representative agent works 1/3 of his
time endowment in the steady state corresponding to the tax rates previous
to the policy reform. Also, « is chosen to match the labor share of income.
Depreciation rate, discount rate of utility, and growth rate are set to the
usual values for quarterly data.

The policy parameters (7!, 7%, g) are chosen to match measured average
effective marginal tax rates. There is a long literature on this measurement.
Papers vary in the method employed to measure these taxes, in the sample
used, in the introduction of depreciation allowances and growth. We use
McGrattan, Rogerson and Wright (1997) estimates of 7% =.57 and 7! =.23
for the period 1947-87, who follow the procedure of Joines (1981). These
values are not too different from the ones estimated for the US in Carey and
Tchilinguirian (2000), who updating the Mendoza, Razin and Tesar (1994)
methodology obtain estimates of around .5 for capital tax and .22 for la-
bor tax for the period 1980-97.!2 In any case, we will discuss in detail the
sensitivity of our results to the value of 7*.

Government spending is selected to balance the government budget con-
straint in status quo at steady state before the reform.'?

Initial capital is set at the steady state of the status quo policy, that is,

12The rate of 7, = .57 is not as high as it may appear, since it is applied to income
after depreciation allowances and since this is the sum of all taxes on capital income paid
by consumers and firms. In any case, there is considerable disagreement on the relevant
level of labor and income taxes, specially on the level of the capital tax. Feldstein, Dicks-
Mireaux and Poterba [1983] obtain estimates of 7% that range between .55 and .85 for
the period 1953-1979. Cooley and Hansen use a lower tax rate, setting 7% = .5, (this
number is based on Joines [1981] with the data ending in 1979), and they do not substract
growth from the depreciation allowances; Chari, Christiano and Kehoe use 7% = .27; Lucas
[1990] considers capital and labor taxes of .4; Greenwood, Rogerson and Wright [1995] set
Tk = 70.

13Since we are interested in the effects of substituting capital taxes by labor taxes, and
in keeping with the practice in Lucas (1990) and Cooley and Hansen (1992), we will only
consider government spending that is financed from these two taxes. Therefore, total
government spending in our model will be lower than the one actually observed.
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assuming that the previous policy has been in place for a very long time. We
choose A = 1 in the production function, as is standard in the literature,
even though this will mean that the capital/output ratio will be lower than
usual.

Initial government debt is set to k?; = —2. Since output is close to 1
and the model is calibrated to quarters this amounts to choosing a yearly
debt/output ratio of about fifty percent in the status quo.

3.2 Heterogeneity parameters

The parameters that determine agents’ heterogeneity, namely the productiv-
ity of labor ¢; and initial levels of wealth k; 1, are key to the outcome of the
policy reform we consider. Therefore it is important to calibrate these pa-
rameters so as to capture appropriately the actual joint distribution of wage
and wealth across agents. We focus on those aspects of this distribution that
are key for the policy outcome.

We argue that the relevant dimension to be matched is the distribution
of wage/wealth ratios across agents. This is because two agents with the
same wage/wealth ratio are likely to both loose or gain from the reform we
consider, even if one of them has a much higher total income than the other.
To demonstrate this point we show a concrete example. Consider the case
where the wage/wealth ratio is constant across all agents:

b _ 9

= forall 7,7=1,2,...,n 13
PR j (13)

That is, an agent who is twice as productive is also twice as wealthy. Also,
for simplicity, consider =1 and kY, = 0.

It can be easily checked that for any set of tax rates equilibrium allocations
in this example satisfy

Cit _ 9 7 lie=1;  forall ti,j.

Cit P ’

M4 Table 4 shows that the capital /output ratio of the status quo economy is below seven,
lower than the usual values of ten or twelve for a quarterly model. This lower capi-
tal/output ratio is due to the large capital taxes combined with the standard A = 1.
Changing A so as to match the capital/output ratio does not change the results signifi-
cantly.
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In words, all agents work the same but an agent twice as productive (and,
under (13), twice as wealthy) consumes and saves twice as much each period.

2] therefore this ratio

It is clear that, in this case, the ratio ); is equal to ot
is independent of tax rates. It follows that any gain or loss from alternative
tax policies affects equally the profile of consumption and leisure of all agents.
If agent ¢ consumes double than agent j before the reform, agent ¢ will
continue to consume double than j after the reform.

If (13) was a good approximation to the actual distribution of wealth and
wages all agents would experience a similar gain from the tax reform we con-
sider. In this case introducing heterogeneity in the model provides no new in-
sights. On the other hand, if we find a lot of dispersion of wage/wealth ratios
in actual data some agents may gain and others may loose from suppressing
capital taxes. Therefore, we should examine if (13) is a good approximation
to the empirical distribution of income.

For this purpose we examine the joint distribution of wealth and wages
in actual data. Figure 1 plots wages against wealth for different households
computed from the PSID.'” Each dot represents the wage and wealth of a
family in the sample. If (13) was a good approximation to actual data most
dots would be located near a straight line going through the origin (a "ray").
It is obvious, however, that the actual distribution is not grouped along
one ray. The dispersion of wage/wealth ratios is very high and therefore
abolishing capital taxes may affect different agents differently.

The issue is, then, how to introduce the relevant aspects of the distribu-
tion of wages and wealth in the model in a parsimonious way. Agents located
either in the upper left corner or in the lower right corner of this figure are
both ”rich”, but those agents in the upper left corner are likely to loose from
the abolition of capital taxes because most of their income comes from labor,
which will be taxed more heavily after the reform. Agents with a similar
wage/wealth ratio either all gain or all loose, regardless of their total wealth.

To give some names to the situation: it is not that important, for the
analysis in this paper, to distinguish between a yuppie and a low-qualified
worker. They might have a very different level of income but both have a
high wage/wealth ratio. It is important, however, to distinguish between the
yuppie and a large land-owner who has zero labor income: they both have a
high total income but they have very different wage/wealth ratios. The large
land-owner is likely to gain from the reform we consider while the yuppie is

15The details on how this Figure has been constructed are in Appendix 1.
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likely to loose.

In most studies of the wealth distribution the usual criterion is to classify
agents according to their total income or total wealth, so that the large land-
owner and the yuppie would be lumped together incorrectly.

We conclude that, for our purpose, we should group agents in the popu-
lation according to their wage/wealth ratio. We rank all households by their
wage/wealth ratio, and find the quintiles of this distribution. The first group
contains the families in the lowest quintile of wage/wealth ratio, the second
group is the second quintile and so on. Graphically, the split in quintiles is
represented by four rays in Figure 1 such that each of the five areas sepa-
rated by the rays contain 20% of households. The more traditional criterion
of classifying families by total income would correspond instead to splitting
the sample with four negatively sloped lines, each line representing constant
total income. The other traditional criterion of classifying by total wealth
would correspond to splitting the sample using four vertical lines.

Another complication stems from the fact that our measures are affected
by a pure life cycle effect, something that our model does not take into
account. For example, older people are usually wealthier than younger people
and they are likely to be retired, which corresponds to ¢ = 0 in our model.
Almost all of them would belong to group 1, thus confusing the life-cycle
effect with the wealth effect. We try to remove this effect from our measures
by splitting the sample into six age groups, and dividing each age group in five
quintiles according to their wage/wealth ratio. The wage of type 1 agents is
then calculated with a weighted average of the observed wages of households
in the lowest wage/wealth ratio across age groups; the weights given to each
age group correspond to percentages of US population as reported by the
Census.!%:17

To summarize, in the benchmark case heterogeneity parameters are ob-
tained by matching each type of agents to the average of each quintile of
the distribution of wage/wealth ratios, eliminating the life-cycle effects. In
the section on robustness exercises we also calculate the heterogeneity para-

16The six age groups are as follows: Less than 25 years old (14.4% of U.S. population),
from 25 to 34 (with 23.32% of the population), from 35 to 44 (20.30%), 45 to 54 (13.62%),
55 to 64 (11.43%) and older than 64 (with a 16.89% of total U.S. population).

17TRecently some work on overlapping generations is available that incorporates a more
accurate description of life cycle issues. Some papers in this vein are Conesa, Kitao and
Krueger (2007) and Altig and Carlstrom (1999). These papers, however, do not allow for
a direct comparison with the Chamley model.
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meters splitting the sample with a pure wealth criterion (i.e., splitting the
sample by means of vertical lines). The statistics obtained from these two
possible criteria are reported in Table 2.

Calibrating the initial wealth of agents in the model with the initial wealth
of the quintiles in the data seems problematic, because different assets in the
data yield different returns and agents with large wealth may be able to
access higher returns. Instead we calibrate initial wealth of agents in the
data to the consumption ratio that can be sustained given the actual assets
and the actual returns of these assets.

To find the corresponding equilibrium values of A and the corresponding
initial wealth in our model, since the economy is assumed to be in steady state
before the reform, individual total income net of taxes is equal to individual
consumption each period. For a detailed description on how we compute
total capital income see Appendix 1. We calibrate the consumption ratio
of agents in the model by finding the ratio of total average labor income
plus asset income of different quintiles. The ratios are reported in Table 2.
From these consumption ratios we find the initial wealth of each group in the
model consistent with steady state and the calibrated consumption ratios in
the status quo tax rates. The heterogeneity parameters found in this way
and used in the model are reported in Table 3.8

3.3 Elasticity of labor

The choice of v, is quite important since it governs the elasticity of labor
and it will be crucial in determining hours worked after the reform and the
impact on welfare of the higher labor taxes.

Ideally we would use a parameter value that matched some basic facts
concerning the variability of hours worked. Let us point to two basic well-
known facts:

a) across time variability of aggregate hours worked is higher than vari-
ability of aggregate consumption.

18 As can be seen from Table 3 the consumption ratios that we find can only be sustained
if wealth of some of the agents is higher than total capital. This happens because, in the
real world, assets such as land play a very important role in the portfolios of individuals,
while land is not present in our model. An alternative approach would be to introduce
land that delivers returns and services of consumption. Then total wealth would not be
larger than productive capital plus land.
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b) across individuals variability of hours worked is lower than variability
of consumption.

These observations have been documented by many authors. Fact a) has
been emphasized by a number of papers, for example Hansen (1985) and
Rogerson (1986). Fact b) has been documented in several contributions and
it is confirmed within our calibration of heterogeneity reported in Table 2:
the fourth column indicates that agents with the highest number of hours
worked (type j = 2) work 40% more than type j = 5, but they consume
almost three times as much. Similar conclusions are derived from the wealth
partition.

Fact a) has to do with the reaction of hours worked to a temporal shock
to aggregate wealth, while fact b) has to do with the elasticity of hours
worked to changes in wealth and wage. The policy experiment that we are
considering will cause both a change over time of aggregate hours worked
and a redistribution of wealth so that, ideally, we would like to use a model
and parameter values that agree with both facts mentioned. Unfortunately,
this cannot be done within the standard neoclassical dynamic model.

To see this, we first argue that low values of |v,| help in explaining fact
a), but they are incompatible with fact b). Consider the model with linear
utility of leisure, so v, = 0, and assume that agents only differ in their initial
wealth, so that ¢, = ¢ for all 7. Hansen (1985) and Rogerson (1986) showed
that fact a) above can be explained under these assumptions. But (8) implies

Cit = Cjt for all t,1,7

Therefore, linear utility of leisure implies no volatility of consumption across
agents; agents with higher wealth enjoy a higher level of leisure but consume
the same as poor agents. This contradicts fact b).

Conversely, we can see that high values of |v,| fail to explain fact a), but
they are compatible with fact b). It is easy to see that in a stochastic model
for our choice of B,

Lp—=1/3  as |y| = oo,

for all ;7 and ¢t. But agents are so averse to changes in hours worked that
they are likely to choose low volatility of hours across time and to adapt to
fluctuations in income by higher volatility of consumption. Therefore, high
values of |7,| are likely to generate nearly constant hours worked across time
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in a model with aggregate uncertainty.!® Hence high |,| matches fact b) but
it spoils fact a) in a stochastic model.

For our purposes, it seems particularly important to capture how hours
worked by agents will react due to a change in capital and labor taxes. For
this reason, we choose 7; = —10 in the benchmark case which implies a
very low wage elasticity of labor. This calibration matches fact b) but it is
incompatible with fact a). As with many other parameters, we will check
robustness of our main results to this choice.

3.4 Numerical issues

Since before the reform the economy is at the steady state it is trivial to
find the equilibrium g. We have to convert the growth model to a model
in deviations from trend so as to guarantee that we are solving for variables
in a compact set and that the numerical approximations performed can be
made, in principle, arbitrarily accurate. Appendix 2 shows how to write the
model in terms of deviations from trend.

After the reform, there will be a transition period as allocations converge
to the new steady state (in deviations from trend). The numerical difficulty
will be, therefore, finding the transition along with the labor tax rate and
the ratios A that will balance the budget constraints after the reform.

Since analytic solutions under the benchmark parameters are not known
we resort to numerical simulation. Details on the algorithm we use are given
in Appendix 3.

4 Results

To compare with previous results, we first study a homogeneous agent version
of our model and we find that suppressing capital taxes causes an improve-
ment in welfare. This confirms that the results in Lucas (1990) and Cooley
and Hansen (1992) are replicated for our slightly different model and our cal-
ibration. Furthermore, we emphasize the benefits that can be obtained from
this reform in a homogeneous agent model relative to the literature, since
we find an improvement in welfare even for very high values of risk aversion
—7.. We then go on to show the results for the heterogeneous agent case.

9To confirm the above claim on variability of hours worked we introduce aggregate
uncertainty in section 5.
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4.1 Homogeneous agent
4.1.1 Replicating homogeneous agent results

We first consider the effects of suppressing capital taxes in a homogeneous
agent version of our economy for the benchmark parameters of Table 1. The
values for the variables at steady state are shown in Table 4. The first column
shows values for the status quo, while the second column shows the steady
state after the reform. As expected the level of capital, labor productivity
and even the wage net of taxes are higher in the long run if the reform takes
place. The labor tax has to increase from 23% to 37% in order to finance the
capital tax cut.

This gain in efficiency in the long run does not translate necessarily in an
increase in welfare. As pointed out by Lucas (1990) and Cooley an Hansen
(1992), consumption and leisure are lower immediately after the reform (to
allow for higher investment and the accumulation of capital), which is a
cost of the reform that is ignored in steady state calculations, justifying the
concern to calculate the transition explicitly.

The welfare costs of changing the tax system are evaluated, as in previous
papers, to be the permanent increase in consumption that would leave each
individual indifferent between the status quo and the reform, leaving leisure
unchanged. More precisely, letting {cZ, 12, } and {cZ,, lft} be the equilibrium
allocations before and after the reform, the welfare gain for agent j is given
by 7; that satisfies

Zét (1 +7;/100) ¢y) +v(l, 1 Zdt +o(8, 1] .

The last line of Table 4 shows that we find a welfare gain for the homogeneous
agent of my = 5.9%. This gain is similar to the one reported in previous
papers.

It is not surprising that one obtains an efficiency gain from cutting capital
taxes. Status quo capital taxes of 57% are indeed very high. Intuitively this
can be seen in figure 2, showing the Laffer curve for the model at hand.
The vertical line shows the total revenue from taxes in steady state for each
capital tax rate. We notice that the status quo capital tax is close to the
top of the Laffer curve, suggesting that it is likely that the economy as an
aggregate will benefit from lowering capital taxes.
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4.1.2 Emphasizing the efficiency gains of suppressing capital taxes

It has been pointed out that the benefits of suppressing capital taxes in a
homogeneous agent model may disappear if the curvature of the utility func-
tion with respect to consumption is sufficiently high. To the extent that we
are not sure about the true curvature, this brings a word of caution to the
efficiency benefits of actually suppressing capital taxes. We reexamine this
result and we find that by focussing on models that keep the capital /output
ratio constant there is a gain from suppressing capital taxes even for high
risk aversion, for a homogeneous agent case. This reinforces the view that
suppressing capital taxes is a good policy from the point of view of aggre-
gate efficiency and it will be important for the robustness exercises that we
perform in section 5.

The reason that higher curvature in the utility function may limit the
benefits of suppressing capital taxes is the following. Increasing —v, has two
effects: first, it causes labor to be more elastic, increasing the costs of a higher
labor tax after the reform, second, the initial drop in consumption caused by
the cut in capital taxes is more costly if u has more curvature. Indeed, Chari,
Christiano and Kehoe (1994) show that if relative risk aversion is 7, = —8
suppressing capital taxes would cause a loss in utility in a homogeneous agent
case. We find a similar result for our model and calibration in Table 5: even
though v, = —8 still shows a small gain in utility, a utility loss is experienced
from suppressing capital taxes when v, = —11.

But increasing —v, and leaving all other parameters constant has some
undesirable effects for the calibration of the economy. In order to convert
the growth model into a stationary one the effective discount factor becomes
§ = o p’™! (see appendix 2 for details). Therefore, the effective discount
factor is lower as —v, increases and the capital output ratio goes down if all
remaining parameters are left unchanged. As shown in Table 5 the steady
state capital for v, = —11 is about one fifth of the capital for log utility. This
means that for v, = —11 labor at the status quo is much less productive than
in the log utility case and it explains why the labor tax rate needs to be raised
much more (to 70% instead of 37%) in order to compensate for suppressing
capital taxes when risk aversion is high. Therefore changing —v, relative to
the benchmark case not only influences the elasticity of labor and the utility
cost of the transition, but it also increases the size of the distortion that labor
has to suffer if capital taxes disappear.

We consider more appropriate to analyze the effects of increasing risk

19



aversion in isolation. For this reason we adjust the scaling constant A in
the production function so as to maintain the capital output ratio constant
while ~y, varies. The results are shown in Table 6. We now find that the
homogeneous consumer never looses utility from suppressing capital taxes,
even for very high risk aversion.

In summary, the example discussed by Chari, Christiano and Kehoe cer-
tainly serves their purpose, namely, to show how ignoring the transition for
optimal capital and labor taxes can result in an even lower utility than in
the status quo. But it cannot be interpreted as saying that if risk aversion
is very high then suppressing capital taxes would be a bad idea, since for
reasonable parameter values suppressing capital taxes is always beneficial in
terms of aggregate efficiency.

4.2 Heterogeneous agents

The main goal of this paper is to study the welfare effects of eliminating
capital taxes when agents are heterogeneous. Since this is a model with
complete markets aggregate variables in a heterogeneous agent model be-
have in a similar way as in the homogeneous agent model of the previous
subsection. Therefore, output, investment, capital, gross wages and wages
net of taxes increase in steady state under heterogeneity. But under hetero-
geneous agents abolishing capital taxes also has a redistributive effect. Lower
capital taxes mean that a larger part of the tax bill in present discounted
terms is paid by those agents with a high wage/wealth ratio. This may offset
the gains from the higher aggregate efficiency for these agents. Since we la-
belled 7 = 1 the agent with the highest relative wealth, a reduction in capital
taxes is likely to lower the relative consumption of agent j = 5. Therefore,
according to equation (12), suppressing capital taxes is likely to increase the
ratios \; = ¢;,/cs, for j=1,.... 4.

The fact that the reform implies both redistributive and aggregate effi-
ciency effects can be seen from Figure 3, representing the evolution of some
variables after the reform. Capital nearly doubles and it is halfway through
the new steady state in about 30 quarters. Investment is much higher than
in the status quo, as it is even higher in the first few periods than in the new
steady state after the reform. Wages increase by about 25%. As expected
consumption is very low in the initial periods. Hours worked are higher at
the beginning of the transition, showing that the effect of the reform is to
induce a higher labor supply. The last two graphs show how consumption
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and hours worked are very different for agents 1 and 5.

To be more precise about the increased redistribution, Table 7 shows
equilibrium ratios of consumption and labor for different capital taxes, in all
cases labor taxes adjust to maintain the same level of government spending.
The first row corresponds to the status quo capital tax, so it simply describes
the equilibrium consumption ratios \; = % and labor ratios before the
reform. As expected \; is lower for higher 7, as we consider agents with
a higher wage/wealth ratio. As in the data the cross sectional variation of
hours worked is much smaller than the cross-section variation of consumption,
justifying our choice of a large —~,.2°

The last row of Table 7 corresponding to 7% = 0 shows the effects of
suppressing capital taxes. We see that all groups j = 1,...,4 will consume
more and work less, relative to agent 5, after the reform. Furthermore, the
one who benefits the most is agent j = 1 with the highest relative wealth:
while his consumption ratio increases by 70% (it goes from 3.23 before the
reform to 5.56) the consumption ratio of agent in the middle quintile j = 3
only increases by about 40% (from 2.1 before the reform to 2.94). It is clear,
therefore, that lowering capital taxes has a redistributive effect and it lowers
the relative consumption of agents with a high wage/wealth ratio such as
agents j = 5. This shows that the reform redistributes wealth in favor of the
agents with a high relative wealth.

The middle rows of table 7 report the effect of four less radical reforms,
each reform consisting of cutting the capital tax rate by an additional 20%.
That is, the second row shows the equilibrium ratios if capital taxes were
lowered permanently to a value of .456, the third row shows the equilibrium
if, instead, capital taxes were lowered permanently to a value of .342 and so
on. We see the effect is monotone: all \’s increase as capital taxes decrease.
These rows will serve to understand the next table.

It is clear from this table that lowering capital taxes increases inequality.
But given that there is a gain in aggregate efficiency, as shown in our analysis
of the homogeneous agent case, it is possible that even less wealthy agents
gain from suppressing capital taxes. To resolve this issue we consider the

20Notice, however, that the level of hours worked across agents does not reproduce the
data: in the model hours increase with j but they decrease with j in the data. Ideally
one would study the effect of suppressing capital taxes with a model that matches these
observations, but this would mean going away from the standard neoclassical model so we
leave this exercise for future research. The differences of hours worked across agents, in
any case, are not large so one would not expect large changes in the main results.
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change in welfare for each agent of suppressing capital taxes

Table 8 shows the gains in utility from each of the possible reforms con-
sidered in the previous table. If capital taxes were completely suppressed
(last row) 40% of the population would be worse off. Perhaps more impor-
tantly, agent of type 5 would experience a very large loss in welfare of 32%.
Relatively wealthy agents of type 1, on the other hand, benefit greatly from
the reform.

We can see that even with a small reduction in capital taxes (first row of
table 8) group j = 5 with the lowest wage/wealth ratio, would loose welfare,
although the rest of the population would benefit.

These welfare comparisons confirm that a policy change that eliminates
capital income taxation at the expense of labor income taxation is not Pareto
improving. If capital taxes were suppressed, the distributional issues dom-
inate the gain in aggregate efficiency in the sense that they are not Pareto
improving and a large part of the population may experience a loss in util-
ity. The loss in welfare for these agents is very high, specially if compared
with those reported on the aggregate effects of changes in fiscal or monetary
policy using dynamic equilibrium models. We will see in section 5 that these
features are very robust to changes in parameter values.

In Table 8 the median voter (agent j = 3) does gain from any permanent
reduction in capital taxes, but this hardly suggests that suppressing capital
taxes at the expense of labor taxes is likely to occur in a modern democracy.
First of all because given the very large loss in utility experienced by a large
part of the population the reform we consider would be difficult to imple-
ment. In modern democracies it is not only the median voter’s opinion that
matters, as it is difficult to implement a reform in practice if it hurts signifi-
cantly a sufficiently large part of the population. Second, in the robustness
experiments of section 5 we will find that for slightly different parameter val-
ues the median voter often looses from suppressing capital taxes. Therefore
it is not clear ex-ante that even the median voter will favor such a reform.

4.3 A Pareto improving policy

The results just described indicate that if the long run optimum is imple-
mented from period zero the result is not Pareto improving, as large parts
of the population would loose a large amount of welfare. On the other hand
the Chamley/Judd result suggests that there must be a way to achieve a
pareto-improvement and to lower capital taxes. Are there alternative policy
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combinations that allow to lower capital taxes and avoid such an increase
in inequality?. We have focused so far on the case where only proportional
taxes can be levied. A Pareto improvement can be achieved within our model
with a lump sum redistribution of wealth in the first period or, equivalently,
by choosing an initial value of capital taxes 7'?70 different for each agent, so
that all agents gain if capital taxes are suppressed.

In this section we study the lump sum transfers in the first period that
would achieve a Pareto improvement. Since there are many ways to achieve
this Pareto improvement we study the transfers needed to keep constant the
ratios \; after the tax reform.

It turns out that this policy calls for an expropriation of agents of type
1 to type 4’s wealth in the first period; this wealth should then be given to
agents of type 5. The size of the expropriation is about 9.4 times the first
period’s income for j = 1 agents, 9.7 the income for j = 2, 10 for j = 3
and 10.5 for type 4 agents. Type 5 agents obtain then a transfer of about
5.5 times their first period’s income and the government uses part of the
expropriation to pay for present and future expenditures. The labor tax rate
is unchanged and capital taxes are suppressed.

Although this policy does achieve a Pareto improvement, we think this
policy is unlikely to be implemented. The redistribution that would be nec-
essary in the first period to improve all agents’ welfare would be extremely
large: 80% of the population would have to pay nine or ten times their
income. This requires a huge amount of credibility on the part of the govern-
ment, since the above computations assume that agents 1 to 4 are convinced
that future capital taxes will be lowered even though taxes are extremely high
in the current period. Furthermore it increases enormously the incentive to
hide capital income in the first period.

5 Sensitivity Analysis
We discuss the sensitivity of our results to changes in parameter values and

empirical calibration. We will introduce uncertainty in the model, this will
serve as a robustness check and to explore the empirical validity of the model.
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5.1 Parameter Sensitivity

Table 9 shows the welfare gains of all agents from suppressing capital taxes
when several parameters of the benchmark case are changed one at a time.
In all cases we adjust B so that the hours worked are one third of total
time endowment. The column labelled kg refers to the capital steady state
before the reform. The next column shows government spending over output
before the reform. Column 7! contains the labor tax that would operate after
the reform. Column 7y indicates welfare improvement in the representative
agent version of the model. This can be thought of as a rough measure
of the aggregate efficiency gain of suppressing capital taxes for each set of
parameters. Columns 7; j = 1, ..., 5 show the utility gains of each agent.*

We first consider changes in relative risk aversion —v,... Robustness in this
dimension is relevant because relative risk aversion is often thought to be
larger than one, with values between 2 and 4 much more widely accepted.
For each ~. we adjust the constant A in the production function so as to
keep the capital stock constant as explained in section 4.1.2.

Recall that the row for v, = —1 corresponds to the benchmark case. We
find that the pattern of gains and losses across agents is similar to the one
of the benchmark case but the size of welfare gains or losses is exaggerated
by increasing risk aversion.?? Gains of agents j = 1,2, and losses of agents
j = 4,5, are much larger as —v, increases. Now agent 5 loses 60% of his utility
for v, = —3. In addition we find that the median voter j = 3 experiences a
mild utility loss for reasonable values of relative risk aversion such as 3 or 4.
We conclude that for more reasonable values of risk aversion the redistributive
effects of suppressing capital taxes are much larger than for log utility and
that the median voter will be against the reform for high but not unlikely
values of risk aversion.??

It is intuitive that higher risk aversion should increase the inequality

2Tn this section we only consider a radical reform of suppressing capital taxes com-
pletely, we do not consider the partial reforms of lowering capital taxes.

220nly the results up to v, = —4 are reported because the algorithm failed to converge
for higher levels of risk aversion. We believe that the algorithm can not find the solution
for larger risk aversions because the loss in utility is so large that the algorithm nearly has
to divide by zero in various places.

23For the case considered in Chari Christiano and Kehoe (1994) where A is constant for
all levels of relative risk aversion we obtain even larger welfare losses for low wealth agents.
For example, for v, = —3. we find 71 =64.65%, my =22.12%, w3 =-3.15%, 74 =-22.88%,
5 =-68.49%.
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effects of suppressing capital taxes. First of all there is the standard effect of
making the initial drop in consumption more costly, which means that the
efficiency gain is even lower and there is less to gain from capital taxes. But
it is also well known that the wage elasticity of labor is higher for higher risk
aversion. This means that for higher —v, labor goes down more steeply for a
given increase in labor taxes and in order to meet the budget constraint the
government needs a larger labor tax hike after the reform. As can be seen
from Table 9, for a risk aversion of 1 we have 7! = .37, but for risk aversion
of 4 we have 7! = .46 after the reform. Agents with high wage/wealth ratio
have to pay more taxes when risk aversion is higher and they loose relatively
more. Also, since labor is more elastic for high risk aversion, the increase in
labor taxes is more distortionary and more costly in terms of welfare for the
reasons usually explained in public finance taxation.

We also consider robustness to the value of ;. As we explained in sec-
tion 4 the choice for the benchmark case is questionable because it fails to
account for the variability of hours worked across time, furthermore, it im-
plies a wage elasticity of about .1 which is lower than usually estimated for
the aggregate economy. We see from Table 9 that for lower values of —v;
(and, therefore, closer to those used in the RBC literature) the inequality
generated by suppressing capital taxes is only exaggerated. Since lower —v,
implies higher wage elasticity of labor the same discussion as in the previous
paragraph justifies the results. Again, for a sufficiently high elasticity the
median voter j = 3 would now be against the reform.

There is much disagreement about the relevant level of average marginal
capital tax rates, so we also study the sensitivity to the tax levels in the
status quo. The third panel of Table 9 considers different values for the
capital tax before the reform. A lower value for 7% in status quo causes the
redistributive effect to be smaller: agents with high (low) wage/wealth ratio
loose (gain) less for lower initial capital taxes. But it is also true that the
aggregate gain represented by 7y is smaller if initially the capital tax was
not very high. These results are intuitive: if the capital tax is initially low
the effects are less strong: the redistributive effect is lower but there is less
to be gained from the reform at an aggregate level. The median voter, again,
would be marginally against the reform.

Crucial to our results were the heterogeneity parameters determining ¢
and initial wealth of each type of agent. These we calibrated by splitting
our sample according to quintiles of the wage/wealth ratio and by removing
effects from life cycle. Since this is a relatively non-standard criterion to
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measure inequality it is worthwhile to explore the effects of the reform using
the more traditional criterion of wealth inequality and without adjusting for
life cycle. We use the data in the second panel of Table 2 and report the
results for this calibration in the fourth panel of Table 9. Again, the large
changes in utility are reinforced and the median voter would be against the
reform.

5.2 Uncertainty

We end this section by introducing aggregate uncertainty, maintaining the
assumption of complete markets. This is useful, first, to confirm robustness
of our results on the equity effects of suppressing capital taxes to the intro-
duction of aggregate uncertainty. Second, in section 3.3 we conjectured that
our calibrated parameter value for 7,, chosen to match the low volatility of
hours worked across agents, would fail to match the time series volatility of
aggregate hours worked. That this is indeed the case can only be studied in
a model with aggregate uncertainty as the one we consider here.

We assume that there is a productivity shock multiplying the production
function. Therefore, the only change in the technology is that total output
at t is now given by 0, F(k;_1, e;) where 0, is an aggregate productivity shock
AR(1) with serial correlation .95 and standard deviation of innovation equal
to 0.1. Agents and government can insure against realizations of this shock
by accessing a complete market for debt and insurance. The model is care-
fully laid out in detail in Appendix 4. The only changes in the equilibrium
conditions relative to the deterministic case of the main text are that budget
constraints (10) hold in expectation given information at t = 0 and that the
Euler equation (7) holds in expectation given information at ¢t. The model is
converted to deviations from trend in a similar way as in the deterministic
case.

In order to solve this model we have to find a recursive formulation and it-
erate on the equilibrium function. An algorithm for this purpose is described
in appendix 5.

Table 10 shows some second moments for the model in the status quo
that are often considered in real business cycles analysis. As expected, the
introduction of heterogeneity maintains the relatively good match for the
volatility of investment, output and consumption. As expected from our dis-
cussion in section 3.3 time series volatility of hours worked is much lower
than in the data. If we assume 7, = 0 we would generate much more reason-
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able volatility of labor across time but the variability of hours worked across
agents would be too large.

The welfare results are shown in the last line of Table 9. The welfare
losses or gains are quite similar to the case of no uncertainty, the losses and
gains slightly larger in absolute value.

As a conclusion to this subsection, our claim that suppressing capital
taxes would have very strong redistributive effects is robust to the introduc-
tion of aggregate uncertainty.

6 Conclusion

The Chamley/Judd result says that in a model with heterogenous agents and
distortionary taxes it is Pareto optimal that capital taxes disappear in the
long run. One may interpret this result as saying that all agents are likely
to benefit from abolishing capital taxes. We explore whether this is the case
in a model with heterogeneous agents. Our model is as close as possible to
that of Chamley so as to explore in isolation the effects of heterogeneity.

We find that if capital taxes were suppressed and the lost revenue would
be compensated by higher labor taxes the welfare of at least 20% of the
population would go down dramatically. For all the experiments we have
performed 40% of the population would be worse off. This happens despite
the fact that there is always an aggregate efficiency gain from suppressing
capital taxes. This result is robust to different parameter values and to
the criterion for splitting the sample. For some parameter values, including
reasonably high values of relative risk aversion, agents in the lowest quintile
of the population loose 60% of their utility.

The effect of suppressing capital taxes on the median voter (our type 3
agent) is always quite small. In fact, whether the median voter would gain or
loose from the tax reform depends very much on the parameter values chosen
for the model. Therefore, from the vantage point of traditional political
economy, the model does not give strong predictions about whether such tax
reform would be approved in a once-and-for-all referendum. In any case, the
loss in welfare for the lowest quintile is so large that it is not surprising that
such a reform has not even been considered in actual policy discussions.

Our model is chosen as close as possible to that of Lucas (1990) in order
to study the effects of heterogeneity in isolation. We find that there is an
aggregate efficiency gain even with high risk aversions, but that in this case
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the redistributive effect is even larger.

Implementing the long run optimum from period zero would give a dra-
matically non-pareto improving result and it may not even be favored by the
median voter. The abolition of capital taxes would only benefit all agents
if there was a very strong reallocation of wealth in the first period. In this
sense, the problem of distribution of wealth is several orders of magnitude
more important than other traditional topics of macroeconomics. We think
that research on distributive and efficiency issues in dynamic equilibrium
models is, therefore, a very promising avenue for research.

Capital taxes in the real world are indeed very high, it is probably the
case that if capital taxes are lowered this may result in a widespread gain
in efficiency. But transferring the burden to labor taxes is unlikely to be
implemented in democratic societies, where large minorities have a strong
influence in blocking reforms. Dynamic fiscal policy analysis with equilibrium
models should help to find ways that capital taxes can be lowered, thereby
achieving higher aggregate efficiency, and at the same time insuring that
most of the population can benefit from such a reform.

In addressing the calibration of the model we argue that the relevant
dimension is not the distribution of total wealth, but the wage/wealth ratio
across agents. Agents with a higher wage/wealth ratio experience a large
decrease in welfare, while agents with a low wage/wealth ratio would enjoy
a large welfare improvement. Therefore the heterogeneity parameters in our
model attempt to reproduce the features of the distribution of wage/wealth
ratios.

Our intention was to examine the effect of heterogeneity in isolation,
therefore we stayed as close as possible to the model of Chamley through-
out the paper. Along the way we found a number of empirical issues that
this model does not address and that should be resolved in order to examine
the effects of reforms in factor taxation. For example, we point that the
standard neoclassical model cannot match the observed volatility of hours
worked and consumption both across time and across agents. Several modi-
fications of the model may help in resolving this puzzle such as introducing
time non-separability in leisure, endogenous human capital accumulation, or
the introduction of both an intensive and extensive margin in a model with
uninsurable risk. These are left for future research.

Other issues in the calibration of heterogeneity demand a more careful
analysis. We treated all families in the same way, but the propensity to
consume and work of a family with two children is not the same as that of a
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single. A better modelling of family issues would be crucial. Also, the model
is inconsistent with the observation that agents with higher wage often work
more hours, it is likely that a model of human capital and learning by doing
will alleviate this problem. Finally, the model has a difficult time explaining
total wealth held by all agents and total consumption in a model where all
assets yield very similar returns.

All these issues and many others that have been raised in related papers
(see references in footnote 4) indicate that there is enormous scope for future
research that analyze both the efficiency and distributive effects of changes
in the tax code.
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APPENDIX 1
Data used in the calibration of the heterogeneity parameters

We have used the Panel Study of Income Dynamics (PSID) to obtain
several distributive measures involved in the calibration of the model. This is
a well known data set that collects information on families and their offspring.
We select families that were interviewed and that kept the same head from
1984 to 1989.

Agents in the model are interpreted as households in the data, not the
different individuals that compose each household.

The variables we want to calibrate are the efficiency parameters ¢;, and
the value of the initial capital stocks k;_; for each family. For this purpose
we look at wages and assets.

The PSID provides measures for average hourly wages, labor income, and
several categories of non-human wealth and asset income. These are reported
in Figure 1. From these measures we obtain five quintiles in the distribution

of k;bi - ratios.

For the actual calibration we need estimate the relative consumption of
different groups of agents. For this purpose we comparing the total labor
and capital income of different groups and identify the ratio of income to the
ratio of consumption.

PSID provides data on labor income. To measure capital income of each
family we use the reported measures of asset returns whenever these are
available, averaging asset income or rates of return over the last five years
of the sample period. Otherwise we multiply each asset’s value by average
long-run net rate of return as reported in several studies.

In what follows we specify how we find the return of each particular
component of non-human wealth.

1. Types of assets for which the PSID reports actual asset returns.

e Net value of Business or Farms, market and gardening activities ,
or rooming and boarding activities.

e Cash assets (savings and checking accounts, CD’s, IRA’s, etc.)
and dividends.

2. Types of assets for which we impute an asset return.
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Here we multiply the current value of the asset held by an average (over
five years) real rate of return. The following is a list of these assets and
the return series we use.

e Net value of Bonds, Insurance Policies and Collectible Goods:
Moody’s average corporate bond yield?*.

e Stocks, Mutual Funds: S&P’S common stock price index. (Divi-
dends are reported as asset income in the category of ’cash assets’).

e Total real estate®: we use the value calculated in Rosenthal [1988,
p 95|. Rents perceived by the families are already embedded in
that rate of return, therefore we do not use the rents reported in
the PSID, as to avoid double counting.

e Pensions and Annuities: we use the US Government Security
Yield, 10 years or more, Treasury compiled.

e Other Debts: we use the secondary market yields on FHA mort-
gages since this is composed, mostly, of second mortgages.

We deflate these nominal returns or rates by the wholesale consumer price
index. The PSID also reports the net value of autos, mobile homes etc. We
do not impute any rent for this category.

APPENDIX 2
The formulation in deviations from trend

We show how the growth model in the paper can be converted into a sta-
tionary model by removing growth from the solution. This is a necessary step
for obtaining nonlinear approximations to the law of motion. These details
are provided for completeness, we follow a standard procedure, only check-
ing that it also works for a model with heterogeneous agents and distorting
taxes.

24 All rates of return or price series were extracted from CITIBANK.
25 As the difference between real estate value and principal mortgage remaining.
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Define deviations from growth be given by

Cia = Cia/ 1 ke = ke/ ! (14)

and so on. We want to find equilibrium conditions expressed in terms of
deviations from growth; we’ll see that the resulting equilibrium conditions can
be interpreted as arising from a purely stationary model with the exception
of the way depreciation allowances enter the model.

Plugging the expressions (14) in the equilibrium conditions one obtains
that feasible allocations satisfy

G gtk —(1—dk=F(k1,6)=AkL, & (15)

satisfies feasibility condition for d=1—(1—d)/pu. Also, 7, = Fy(ke_1, &) =

r¢/p and wy = F (kt 1, &) = wy. Given the utility function (11) hours worked
satisfy
cls wy (1—7"¢, = B(1— 1) (16)

s

Therefore, hours worked are stationary and we can take th = 1.
Letting § = § 7= the first order condition for capital can be written as

5 =0Tt (oo — /)1 =)+ 1/n) (17)

Notice, here, that d does not appear in place of the depreciation rate, but
d/u does. It is in this sense that taking into account of growth explicitly
modifies the allocations.

The present value budget constraints can be rewritten as

zt:;si(&)v G0 — by L1 = 7)) = (18)

Cn,0
kj—p(L/p+ (7o — d/p)(1 = 7)) for j=1,2,...,n

Finally, for the welfare calculations we need the equality
25 u(cje) +v(ljye, 1 Z(S w(Cy) +v(ljs, 1)) for j=1,2,...,n

Notice that in a model without government the growth model would be
converted into a stationary model by simply substituting the discount factor
0 by (5 substituting the depreciation rate d by d, and using p to normalize
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the returns on capital. But in our case we cannot proceed exactly like this:
d substitutes d in the feasibility constraint but neither in the Euler equation
of capital nor in the budget constraints, where d/u appears instead. This
is because only a portion 1/u of the depreciation can now be claimed as
allowance in the stationary transformation.

APPENDIX 3
Numerical algorithm for the deterministic case

The numerical problem is the following: given 7% and ¢, all parameter

values and initial conditions, find the deviations from trend {cn t ln t, kt}

t=0

and (71, A1, ..., \,_1) guaranteeing that (16) and (17) hold for j = n and all

t, that (15) holds for all ¢, and that (18) holds for all j, when individual
consumption and labor are computed according to (9) for j =1,...,n — 1.

For this purpose we fix large 7" and consider the following system of

equations:
1. (17), (15) and (16) for t =0, ..., T — 1.
2. (18).
3. Variables dated ¢ > T'— 1 are set at steady state.

Notice from 1. that we have 3T equations and from 2. we have n

- o NT-1
equations. We have 37" unknowns in {cm, lnt, kt} plus n unknowns in

(7', A1, ...; Au_1). This gives 3T + n unknowns and the same number of equa-
tions. We know this system of equations cannot be solved exactly, for kr
cannot be at steady state unless the initial capital is at steady state, but
the system can be solved approximately by various solution methods and,
as T' — oo we can potentially obtain an arbitrarily accurate approximation.
We use T' = 100 and 150 for robustness.

Notice that since we take the model to be at steady state after T" periods
the present value budget constraints can be computed exactly.
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APPENDIX 4
Characterization of equilibrium

We write down carefully the model under aggregate uncertainty and com-
plete markets. Since the deterministic case is a special case this serves as a
careful proof of the discussion in section 2.2 about the sufficient equilibrium
conditions.

As usual, we let #' denote a possible realization up to period t of the
productivity shock and Q* the set of all possible realizations §*. The consumer
chooses {x;:},-, where xj; = (¢;4,1;4, kj¢) where each of these variables are
chosen with information available at ¢, formally, x;; : Q' — R

Under complete markets it is well known that the budget constraint of
the consumer can be summarized in a present value constraint in period zero.
Formally, consumer j can be thought of as solving the following maximization
problem

max Eo > 0t [ulesn) + ol ) ] (19)
It =0
s.t. Ey» Ry [cju— oy p' wy (1=7') 1] =
=0
kj(1+ (ro — d)(1 = 7%))
k; 1 given

taking as given prices {R;, wy, 7} where R;(6") is the price of one unit of
consumption in period ¢ contingent on the realization of shocks up to ¢ is 6.

The following proposition reduces the number of equilibrium conditions
and simplifies greatly the calculation of equilibrium.

Claim An allocation {(cj,t, lj,t)?:l , kt} prices {r¢, wy, Ry} and policy (Tk’ 71)
are a competitive equilibrium if and only if {c¢,,, [+, k} together with some
constants (A, ..., A,—1) satisfy the first order conditions

W(cns) = 0 B [u(cpppr) (14 (resn — d)(1—7%))] (20)

V' (b, 1) ot
__mb ) 1— 21
u,<cn,t) Wy ( T ) 2 ¢n ( )

and feasibility

1 n
E Z Cit + gt + kt - (]. - d)kt—l - 9t F(kt—la €t) (22)

=1
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for all ¢, and the agents’ present value budget constraints

0 / . /ln 7 t
EtoStu (ne) (Cj,t +lj,t71}< b )> = (23)
t=0

' (cnp) ' (Cnt)

ki (14 (rg—d)(1—7%) for j=1,2,....n

hold when individual consumptions and labor are given by (9) for all j.
Notice that the strength of this claim is that the FOC for labor and capital

needs to be checked only for one agent. In the above equations e; is given by

(5), factor prices are given by 1, = Fy.(k;_1, €;) and w, = F,(k;_1, e;), and

U (Cnt)
' (cnp)

Ry =¢"

(24)

Proof

The proof uses standard arguments. The only part that is, perhaps, not
obvious is the constancy of the ratio of marginal utilities of consumption (9).
This is well known to hold in models without distortions. But (9) follows
from the fact that the first order condition of (19) with respect to c¢;:(6")
gives

5tu/(cj7t(0t)) _ Rt(gt)
uw'(¢j0)

forall j =1,2,...,n all t and all #" This implies
w(cja(60) _ u'(cag(6"))

W(cio)  u(cap)

forall j =1,2,...,n—1 all t and all " and it implies the first equality in (9),
the second equality in (9) follows from (21).

The remaining equations are standard, it is only worth mentioning that
we need to keep track of n budget constraints, and the budget constraint of
the government can be ignored because it is guaranteed to hold by Walras’
law.

That (9), (20), (21) and the budget constraints are sufficient for equilib-
rium then follows from standard arguments in taxation analysis described,
for example, in Chari and Kehoe (1999) and Ljungqvist and Sargent (2004).
For example, (9) and (20) imply that the first order condition for capital
holds for all agents and so on.
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APPENDIX 5
PEA algorithm for the model with aggregate uncertainty

In order to solve numerically for the stochastic model we need to find a
policy function that satisfies all equilibrium conditions. Given 7% and g, all
parameter values and initial conditions, the stationary distribution can be
solved as follows

e Step a). Fix \j for j=1,2...,n— 1 and 7.

e Step b). Solve for a stochastic process {@7t,237t,%t} ‘ that satis-

t;7=1,2,...,n
fies equilibrium conditions (22), (9), (20) for j = 1, and (21) for the
values of \; and 7! fixed in the previous step.

e Step c¢). Check if present value constraints (23) are satisfied for the se-
quence found in Step b). If not, iterate on the above steps until finding
values for \; and 7' such that the present value budget constraints are
satisfied.

Various algorithms are nowadays available to perform step b) for fixed
A, G, 7% 7!, Since there will be a transition to be computed we need a method
that can solve for the transition. We now describe how to apply PEA, as
described in Marcet and Marshall (1994) or den Haan and Marcet (1990), to
perform Step b).

First of all one needs to express the system in terms of deviations from
trend, to guarantee that the non-linear approximations are performed on a
bounded set and, therefore, have a chance of being accurate. The formulae
are analogous to those found in Appendix 2 for the deterministic case.

Given g, 7",7! and \’s we find {Em,’l;,t,fkv:t} as follows
t

e Step B1; Draw a realization 67 for large 7. Here T has to be large
enough for the law of large numbers to guarantee that the regression run
in the last step is accurate. Substitute the conditional expectation in
the right side of (20) by a flexible functional form of the state variables
of the model to obtain

W (Gos) = 0 V(B; ki, 6r) (25)
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In practice, v is an exponentiated polynomial that is insured to take
on only positive values; the parameters § are the parameters in the
polynomial. Fix f3.

- - T
e Step B2. Obtain a long simulation {Em(ﬁ),ln,t(ﬁ), kt(ﬁ)} , consis-

tent with this parameterized expectation. This is done by, in_each
period, for given state variables, obtaining ¢, .(5) from (25), l,,.(5)
from (21); finally, k;(3) is obtained from (22) written in deviations
from trend using (9) to find individual consumptions and labor. Given

this capital stock we can move to the next period.

e Step B3. Perform a non-linear regression of

U (@ns1(8)) ((Fesn(B) — d/m)(1 = 7%) +1/p)

(this is the expression inside the conditional expectation in (20) written
in deviations from trend) on the functional form

Y5 kie1(B), 04).
Call the parameters resulting from this regression G([3)

e Step B4. Tterate on § to find 5, = G(f3;).

- - T
e The approximate solution is given by {Em(ﬂf), lnt(By), kt(ﬁf)}

t=0

In order to compute equilibria after the reform, since the initial capital
stock is away from the steady state distribution of capital, Step B2 has to be
modified. Instead of running one long simulation for large 7", run many short
run simulations based on independent realizations of the stochastic shock.
More precisely, we draw S independent realizations of length 77, {0; , ?:,6975:1
where T" does not have to be as large as before but large enough for k7 to be
at the support of the steady state distribution, and S has to be very large.

Then, instead of Step B2 we perform

!

- - T'.8
e Step B2’. Obtain simulations {En,t,s(ﬁ),ln,m(ﬁ),kt,s(ﬁ)} , con-

)

sistent with this parameterized, starting all simulations at fixed initial
conditions, and using the steady-state 3, to solve the series at ¢t = T".
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This is done, for example, in Marcet and Marimon [1992].

Finally we explain how to evaluate the expectations of infinite sums in-
volved in (23). We draw S realizations of length 7" and approximate the
conditional expectation

AT () IS .
Y @) (ee0) = 8,0 a1 =)

here, S has to be large so that the law of large numbers guarantees that the
above average over realizations is close to the expectation and 7" has to be
large so that the infinite discounted sum is well approximated.

The above procedure cuts out the tail of the infinite sum. It certainly
works for a high enough 7" but it turns out that in the model at hand
an extremely large T” is needed; the reason is that when capital taxes are
lowered, the government accumulates large amounts of debt, and a large
primary surplus is needed in the long run. We can obtain accurate solutions
for lower T" if we try to approximate the tail of the above sum, for each s,
by the term

/,V—w)) Et (; 0" u’(En,t,s(ﬁ)) (@,t-&—i,s(ﬁ) - qu@t—i—i,s(ﬁ) lj,t+i,s(6)(1 — T )>>

(26)
This approximates the tail of the infinite sum instead of setting it equal to
zero. The conditional expectation can be easily approximated by parame-
terizing the conditional expectation in (26) with a flexible functional form in
the steady state, using long run simulations, as is often done in PEA. In this
way a much lower 7" can be used. We have found this method to be very
efficient and accurate.
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Table 1: Benchmark Calibration. Technology, utility and policy
parameters.

a | .36 7l .23

51 .99 | 7* 57

d| .02 px |1.004
Yo | -1. || kg1 | -2.0

v | -10. ]| A 1

Table 2: Means and ratios by quintiles, PSID sample

l Wage/Wealth partition |

Means by type Ratios of type ¢ over type 5
Type | Hours Wage Income | Hours Wage Income
1 2708.03 7.89 58611.94 || 1.315 1.048 3.241
2 2837.86 11.11 50397.86 || 1.378 1.475 2.787
3 2468.28 9.72 37822.32 || 1.199 1.291 2.092
4 233349 94 317904 | 1.133 1.248 1.758
5 2059.41 7.53 18083.11 - - -
Wealth partition

1 3031.43 15.04 84644.67 || 1.597 2.549 5.708
2 2858.14 10.31 45058.34 || 1.505 1.747 3.039
3 2520.16 7.99 31277.28 || 1.327 1.354 2.109
4 2098.94 6.48 21047.11 | 1.106 1.098 1.419
) 1898.61 5.9  14828.54 - - -

Type 1 corresponds to households with a lower wage/wealth ratio or a lower wealth
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Table 3: Heterogeneity parameters. Benchmark Economy.

| Wage/Wealth Partition | Wealth Partition |

01/ 5 1.05 b1/0; | 255
02/ 5 1.48 by/d5 | 175
b/ b5 1.29 bs/d5 | 135
04/ b5 1.25 b4/05 | 110
ki—1/k_1 5.54 ki-1/k-1 | 10.39
ko, 1 /K1 1.76 ko_1/k_ | 0.87
ks,_1/k_1 0.35 ks_1/k_y | -0.85
ka_1fky | -0.63 | ku_y/k_y | -2.76

Table 4: Steady state, homogeneous agent, before and after reform

H Variable H Status Quo | Zero capital Tax H

7" 0.57 0
k 6.72 13.21
1nvest 0.16 0.32
GNP 0.98 1.25
[ 0.333 0.331
c 0.57 0.68
w 1.89 2.41
T 0.05 0.03
7t 0.23 0.37
w(l—7t) 1.46 1.52
g 0.25 0.25
TH 5,90%
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Table 5: Utility gain from suppressing capital taxes, homogeneous
agent, increasing —v..

e[kl 9 [ 7 [ 7u |
05 | 777 | 0.26 ] 0.35 || 6.34%
6.72 | 0.25 | 0.37 | 5.90%
417 [ 021 | 0.45 || 4.25%
2.88 | 0.17 | 0.51 || 2.97%
8 | 1.87 | 012 0.61 || 1.39%
11 | 1.33 ] 0.08 | 0.70 | -0.17%

The first column refers to the parameter varied. Columns 2 - 5 indicate how the calibration and results
change for the homogeneous agent case. 7! is the labor tax rate after suppressing capital taxes in this case,
while g measures the welfare gain when agents are homogeneous.

ot W =

Table 6: Utility gain from suppressing capital taxes, homogeneous
agent, increasing ., keeping K /L constant

L= [ Fost [9/y [ 7 || 7n ]
05 [ 6.72 | 0.25 | 0.35 || 631%
1| 6.72|0.25 | 0.37 || 5.90%
3 [ 672]0.27 | 0.44 || 452%
4 | 672]0.27 | 0.46 || 4.05%
5 | 672028047 | 3.69%
8 | 672028050 | 3.06%
11| 672|029 | 0.52 || 2.71%
14 | 672 0.2 | 0.53 || 2.20%
18 | 6.72]0.30 | 0.54 || 0%
22 || 6.72 | 0.30 | 0.55 | 0%

The first column refers to the parameter varied. Columns 2 - 5 indicate how the calibration and results
change for the homogeneous agent case. 7 is the labor tax rate after suppressing capital taxes in this case,
while g measures the welfare gain when agents are homogeneous.
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Table 7: Consumption and labor ratios

Wage/Wealth Partition

Newr* ] 2l lalalelelelan
0.57 3.23 | 2.77 1210 | 1.77 | 0.95 | 0.94 | 0.92 | 0.89
0.456 | 3.57 | 3.00 | 2.21 | 1.82 || 0.95 | 0.93 | 0.92 | 0.88
0.342 | 3.85|3.11 | 231|188 0.95|0.93 | 091 | 0.88
0.228 | 4.34| 343|247 ]2.00 | 094|093 | 091 | 0.87
0.114 | 4.76 | 3.67 | 2.62 | 2.10 || 0.94 | 0.92 | 0.90 | 0.86
0 5.56 | 4.11 | 294 | 2.28 | 0.94 | 0.92 | 0.90 | 0.85

Table 8: Welfare gains in benchmark case

[Newr® ] m | 7 [ m [ m [ 7 |
0456 | 6.61% | 3.56% | 2.22% | 0.70% | -4.05%
0.342 | 12.38% | 5.88% | 3.08% | -0.07% | -9.90%
0.228 | 17.52% | 7.44% | 3.08% | -1.79% | -16.86%
0.114 | 22.33% | 8.50% | 2.54% | -4.13% | -24.51%

0 | 26.98% | 9.26% | 1.62% | -6.89% | -32.60%
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Table 9: Sensitivity analysis:

calibration and welfare gains of fully suppressing capital taxes

Effects of parameter variations on

Risk aversion
Ve || Fstst ‘ 9/y | 7! H TH ” T | T2 ‘ T3 ‘ Ty ‘ s
0.5 || 6.72 | 0.25|0.35 || 6.31% | 20.27% | 7.94% | 3.01% | -1.92% | -18.56%
1 6.72 | 0.25 | 0.37 || 5.90% | 26.98% | 9.26% | 1.62% | -6.89% | -32.60%
3 6.72 | 0.27 | 0.44 || 4.52% || 51.09% | 17.19% | -2.53% | -19.18% | -60.48%
4 6.72 | 0.27 | 0.46 || 4.05% | 73.28% | 22.12% | -3.77% | -22.88% | -66.64%
Labor disutility
= || Fstst ‘ g | 7! H TH ” T | T2 ‘ 3 ‘ T4 ‘ s
15 || 6.72 | 0.25 | 0.37 || 6.05% || 26.12% | 9.03% | 1.74% | -6.36% | -30.98%
10 || 6.72 | 0.25 | 0.37 || 5.90% || 26.98% | 9.26% | 1.62% | -6.89% | -32.60%
1 6.72 | 0.25 | 0.38 || 4.32% || 57.07% | 9.72% | -6.82% | -23.15% | -61.58%
Status Quo capital taxation
" Kstst ‘ g | 7! H TH ” ™ | T2 ‘ T3 ‘ Ty ‘ s
40 || 9.09 | 0.23|0.33 || 1.74% | 12.58% | 3.41% | -0.55% | -4.99% | -18.74%
30 || 10.3110.21 | 0.30 || 0.74% || 7.78% | 1.81% | -0.78% | -3.68% | -12.75%
20 | 11.4110.20 | 0.27 || 0.24% || 4.39% | 0.86% | -0.67% | -2.39% | -7.79%

H H| Wealth Partition H
[ | 6.72 [0.25]0.37 | 5.9% | 36.91% | 5.48% | -8.08% | -37.67% | -49.38% ||
H Uncertainty H
[ | 6.77 10.25]0.37 | 5.9% | 28.36% | 10.35% | 1.31% | -7.84% | -36.10% |

The first column refers to the parameter varied. Columns 2 - 5 indicate how the calibration and results
change for the homogeneous agent case. 7! is the labor tax rate after suppressing capital taxes in this case,
while g measures the welfare gain when agents are homogeneous.
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Table 10: First and second moments of aggregate variables Stochas-
tic Status Quo

|| Variable H Mean H Std. Error H Volatility H

k 6.77 || 0.47 0.07
i 0.16 | 0.02 0.13
GNP 0.99 | 0.05 0.05
1 0.33 || 0.0009 0.0027
¢ 0.58 | 0.03 0.05
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Sample distribution of wealth and wages
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Figure 1: The wealth and wage ranges have been chosen for a better graphical
representation of the diversity of wage/wealth ratios. These ranges leave out
12% of the sample. The positively sloped line shows how the sample would
be split in two parts according to the wage/wealth criterion. The vertical
line shows the split in two parts according to wealth.
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Laffer curve: spending
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Figure 3
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Wages
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