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Abstract
We use political-equilibrium theory and the neoclassical growth model to compare

the quantitative properties of different tax systems.

We first explore whether societies which can only use consumption taxes fare better
than societies which can only use income taxes. We find that if government outlays are
used mainly for redistribution through transfers, then the answer is no, contradicting
conventional wisdom in public finance. The reason for this is that when taxes are
endogenous, and voted on by a selfish constituency, the distortionary effects of taxation
are taken into account in choosing the level of taxation. Hence, political equilibria have
the property that taxes which are relatively distortionary will be relatively low. These
results are overturned if the government outlays are used only for the providing of
public goods, implying that less distortionary taxes give better outcomes.

We also investigate the properties of a tax systems in which both consumption and
income taxes are used and voted on simultaneously. Since the ability to use more tax
instruments allows redistribution with less distortions, the total amount of transfers
tends to be higher here than in one-tax systems.

Typically, tax systems tend to be self-perpetuating in the sense that changes of the
tax system result in a reduction in the welfare of the median voter.
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1 Introduction

Conventional public finance wisdom argues in favor of consumption taxes over income taxes.'
At the same time, most industrialized economies rely much more on income taxes rather
than on consumption taxes. This is illustrated in Table 1, where we tabulate the shares
of government revenue due to consumption, income and social security taxes (we consider
the latter as a form of income taxation) for the OECD countries. Is the reason for this
discrepancy that the economic models studied in the literature are poor representatives
of the economic reality? Or, is it that taxes are not chosen based on economic efficiency
arguments alone?

We are inclined to believe that the second of these explanations is the most accurate one.'
In particular, political decisions over taxes invariably have distributional consequences, and
as long as this is the case we should expect outcomes to not only reflect economic efficiency
arguments. Although this view suggests that our role as policy advisers is limited, it does
not make economic analysis meaningless. What it does suggest, however, is that it may be
important to analyze how economics interacts with the political process. Accordingly, we
study properties of different tax systems in a context where actual tax levels are not chosen
by us, but by the agents who inhabit our model economies.

Different tax systems imply different types of distortions. The voting agents face a
trade-off between the amount of redistribution and the costs associated with it. It is not
obvious what the resolution of this trade-off is. It might be, as Brennan & Buchanan
(1977) have suggested for slightly different reasons, that more distortionary taxes give better
outcomes, because they restrict the amount of government activity undertaken. But it

might also be that with the proper policy tools (tax systems), substantial redistribution
can be accomplished with little distortion. In this paper we resolve this tradeoff by making
quantitative comparisons between different tax systems.

In dynamic economies, economic policies are not determined once and for all but they
are continuously changed, or at least allowed to change. Political parties alternate, and once
in charge they implement policies that can be changed by the party winning the following
election. Therefore, a realistic analysis of fiscal policy has to model the political process
determining this policy. Unfortunately, the introduction of an endogenous political mecha-
nism increases the complexity of the model for two reasons. First, it is necessary to study
heterogeneous-agent economies, which increases the state space. In our present model, we
keep this complication minimal by studying an economy with two types of infinitely-lived
agents. Second, the political-equilibrium analysis requires that we derive each agent's pref-
erences over policies. This derivation boils down to a forecasting problem: it is necessary
for an agent contemplating different current policy options to think not only about their re-
spective effect on current prices and transfers, but on future prices, transfers, and politically

'See Atkinson & Stiglitz (1980, pp. 564-565) and Stiglitz (1986, pp. 533-536) for a summary. Summers
(1981), Auerbach, Kotlikoff, & Skinner (1983) and Jones, Manuelli, & Rossi (1993) are examples of positions
favorable to consumption taxes, while Browning & Burbidge (1990) gives a more agnostic view.

2 It should be pointed out that the recent results in Aiyagari (1993) are suggestive of an alternative way
of rationalizing the absence of large consumption taxes in the data, He argues that there are empirically
plausible economic environments which call for permanent positive taxes on capital income.
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determined policies as well. Here we adopt the rational-expectations methodology: agents
think through all the equilibrium consequences of the different policies, without making er-
rors in calculation.' Note, however, that in a sense we are requiring "more" rationality from
our agents than what needed to be required from the agents in the original contributions
by Lucas and Prescott (Lucas (1972), Lucas k Prescott (197I)): here, agents also have to
correctly predict what would happen under circumstances which will never he realized.

'Hie alterations to standard public finance which we consider do not come for free, of
course. For example, we need to specify the fiscal framework (e.g., what taxes are available)
and the political framework (e.g., what taxes are voted on) and these modeling choices
necessarily introduce some arbitrariness. We confront the taxation problem by comparing tax
systems. or constitutions, i.e. we compare economies for each of which we postulate what set
of taxes are used and what set of taxes are voted upon. We first focus on comparing economies
with only one kind of tax, e.g. we compare an economy where there is only a consumption
tax to an economy with only an income tax. We then extend the analysis to a case in which
two taxes are voted upon simultaneously. We also assume that all constitutions demand
proportional taxation, and that government debt is not allowed as a policy instrument.
Although it is not obvious what features of policy should he regarded as constitutional in
the theory and not subject to vote, and what should he voted on –we are mainly guided
by tractability and an appeal to realism---this is one of the main problems of any politico-
economic theorizing which is not based on pure mechanism design.

Our main findings can he summarized as follows:

• For the case of one-tax constitutions, income taxes are generally better than con-
sumption taxes. This result is driven by the property mentioned above, that more
disturtionary tax systems imply' lower amounts of total transfers.

• The comparison between two-tax and one-tax systems generally favor the two-tax
system, although it is true here as well that there will be more transfers with the less
distortionary system, which in tins case is the one with more instruments.

• The tax constitutions we look at have features that should make them persist: if a
switch to an alternative constitution is contemplated, then there will almost always be
losers. In particular, only very rarely will the median agents (who are poorer in our
economies) improve their welfare after a change of tax systems. Thus, if we think of
constitutional change as requiring (at least) a majority, then most of our constitutions
will be hard to overturn.

• When the purpose of taxation is the provision of public goods or services and there
is no element of pure income transfers between groups, then different results typically
apply: then, tax systems based on less distortionary types of taxes are better.

Several recent studies do make the political mechanism endogenous, and the result which
is common among these studies is that the distribution of agents over income and wealth can

3 See Muth (1961).
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be an important factor determining economic policies, and therefore economic outcomes.'
No attempt has been made to analyze the equilibrium allocations associated with different
types of taxation when the level of taxes is endogenously determined. The main reason for
this is that in order to analyze the effect of different tax systems, a richer and more complex
model is required than what is typically studied in this literature. For example, most of
the existing models (i) have limited dynamics, i.e. they are considerably simpler than the
standard neoclassical growth model; and/or (ii) abstract from the leisure choice. We make
use of the methods developed in Krusell & Rios-Rull (1994) and Krusell et al. (1994), which
are straightforward to amend to allow a leisure choice. These methods are computational in
nature, since analytical solutions cannot be obtained for this class of economies.

Our work can he compared to the more standard optimal taxation literature, which in
dynamic environments specifically asks what time path of taxes maximizes some welfare
objective in deterministic or stochastic environments.' There are, however, important dif-
ferences between the optimal-taxation approach and ours. First, one of the concerns of the
optimal-taxation literature is debt management, something that we ignore by imposing our
balanced-budget requirements. Second, we are primarily concerned with determining the
total size of government outlays/transfers, which in the literature on optimal taxation is
typically taken as given. Third, the optimal-taxation studies are typically not interested in
distributional issues, which are in the focus of our study. Fourth and finally, an analysis of
optimal taxation requires taking stand on the issue of time consistency, while the positive
route to the determination of policies which we adopt automatically involves time-consistent
policies.

Our paper starts with a brief overview of the model in Section 2, and in Section 3
we describe it formally. The analysis starts in Section 4, where we make a preliminary
characterization of the set of steady states. In Section 5 we calibrate the model to postwar
U.S. data, and our numerical analysis proceeds in Section 6. In this section, the baseline
model is studied: there, all government revenue is used for transfers. We first look at
the properties of the steady states of different tax systems, and we then study the welfare
properties of tax systems by looking to the transition paths that follow a change of tax
systems. In Section 7 we extend our analysis to economies with two taxes. We look at the
provision of public goods in the following section (Section 8).

The last part of the paper, Section 9, briefly investigates some properties of tax data from
the OECD economies. Recall that the quantitative implications from our political-economy

4 Examples of papers in this literature are Alesina & Rodrik (1994), Bertola (1993), Boldrin (1993),
Meltzer & Richard (1981), Fernandez & Rogerson (1994), Glomm & Ravikumar (1992), Huffman (1993),
Kristov, Lindert, & McClelland (1992), Krusell & Rios-Rull (1992), Krusell & Rios-Rull (1994), Krusell,
Quadrini, & Rios-Rull (1994), Perotti (1993), Persson & Tabellini (1994), and Saint-Paul & Verdier (1991,
1992).

'For example, Lucas & Stokey (1983) analyze optimal fiscal policy in a stochastic economy without
capital, and Chamley (1986) considers optimal capital and labor income taxation in a deterministic economy
with capital accumulation. Zhu (1992) extends the analysis by studying the Ramsey taxation problem in an
economy with both capital accumulation and uncertainty. Lucas (1990) reviews the capital vs. labor income
taxation results in light of the new growth theory, and others (e.g. Jones et al. (1993) and Rebelo & Stokey
(1991)) continue the study of how endogenous growth models differ with respect to tax prescriptions. For an
analysis of optimal capital and labor income taxation over the cycle, see Chari, Christiano, & Kehoe (1994).



approach suggest that we should be able to correlate economic performance with the extent
to which consumption taxes are used for raising revenue. We do find preliminary evidence in
support of t he theory: countries which use consumption taxes more intensely do have higher
tax levels, and lower output. Section 10 concludes the paper.

2 Main Features of Our Model

The model used is a standard growth model wit h heterogeneity across agents in their wealth
holdings and/or labor productivity. Agents share the same preferences regarding streams of
consumption and leisure. Interactions between agents every period determine the policy in
place for the following period!'

The mechanism determining what policies are chosen is representative of the political-
economy literature based in majority voting. In economies with only one policy parameter to
be determined, a single-peakedness condition on the derived preferences for this parameter
is sufficient for implying that the median voter will be decisive. In calibrated versions of the
standard neoclassical growth environment, we found that the single-peakedness condition
is indeed satisfied. Furthermore, for our parameterizations the median agent has less than
mean income, a feature which characterizes the data, and this agent will want redistribution
even at the cost of some distortions.

The uses of public funds may be important in the study of taxation. These include:
direct cash transfers with and without deadweight losses associated with the management
of the tax system; public supply of private goods on an equal per-capita basis; supply of
public goods having direct impact on agents' utility; and supply of public goods hay ing direct
impact on productivity. 7.8 In this paper our main efforts are concentrated on the first use
of public funds, although we will also consider t he supply of public goods for consumption
purposes and as an externality in production.

Another key feature that we introduce into the model is valued leisure. Most models that
use a political-economy approach with endogenous taxation abstract from it, but we consider

° In Krusell Az Rios-Rull (1994) it is shown how the fact that the policies are chosen every period is
tangential. The key issue is the amount of real time in between policy changes. This parameter is set at the
calibration stage.

'Several studies assume that the proceeds from taxation are redistributed as lump-sum transfers. Exam-
ples include King & Rehelo (1990), which considers the effect of progressive taxes on economic growth in a
model of physical and human capital accumulation; Bertola (1993), which studies the functional distribution
of income and its importance for long-run growth in a model with capital externalities; Krusell et al. (1994),
which determines the equilibrium growth rate when income taxes are determined by a political mechanism
and elections are repeated every period; and Krusell & Rios-Rull (1994), which analyzes the impact of dif-
ferent political and fiscal constitutions on the equilibrium allocation. Public finance data show that cash
transfers are not pure lump-sum transfers: different agents receive different amounts of transfers from the
public sector. However, public cash transfers on the whole do redistribute: even though in some countries
the level of cash transfers increases with the level of income, the ratio of transfers to income decreases as the
position of agents in the income ladder increases (see Ruggles Az O'Higgins (1981a) for the United States.
Ruggles O'Higgins (1981b) for the United Kingdom and Saunders & Klau (1985) for the OECD countries).

B As long as the provision of the specific  goads_aup.pliecLis_made in_a_small_enough-quantity-that-agents
are Edifferent between the transfer of the goods arid a direct cash transfer, this use of public funds is in
effect identical to direct cash transfers.
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its inclusion important for three reasons: (i) it allows us to explicitly differentiate between
labor and capital income taxation (without leisure, labor income taxation can be costlessly
increased without bound); (ii) it has quantitatively more interesting implications for the
level of taxation; and, as we will see, (iii) it is necessary for deriving interesting differences
between tax systems, since in economies inhabited by agents who do not care about leisure
there is in a certain sense an equivalence between income and consumption taxes.

The theoretical tools needed to study political equilibria in this type of environment
were developed in Krusell & Rios-Rull (1994), and we refer readers interested in a detailed
discussion of these tools to the mentioned paper.

3 The Model

Agents are indexed by their type i E I	 {1, • , I}, with respective fractions given by
The per-period utility function is given by u(c, 1), and total utility is the discounted sum of
the per-period utilities, i.e. at o Qt u(ct , It).

Agents are endowed with Si efficiency units of labor. They also hold assets in amounts
given by a 1 . 9 We use capital letters to denote the assets held by all individuals of the
same type, allowing us to denote the distribution of wealth with A = 1/1 1 1 1E1 E RI, and
the distribution of efficiency units of labor with = {SWET E RI . Efficiency units of labor
provided to the market, i.e. the labor input, which are given by Nt = Ei pttEt(1 — combine
with aggregate capital, given by K t = E i pi Ait , to produce output through an aggregate
production function, F(K, N); we use the notation f (A, N) F(K, N) to make explicit the
dependence of output on the distribution of non-human wealth. We assume competition in
factor markets which determines the net-of-depreciation rental price of capital r t and the
wage per efficiency unit of labor wt.

In each period the current tax rate is given and people vote on next period's tax rate.
Agents face either of two tax systems: (i) a proportional tax on consumption only, which
since there is equal per-capita distribution of the proceeds to all agents results in a period
budget constraint given by c it(1 Tr) + ai ,t+i = malt + (1 — lit)eitot ait tric.t ; (ii) a
proportional tax on total income only, which results in a period budget constraint given by
cit at,t+i = (r t aig + (1 — li0Ei wt) (1 — rt) ait tqt , where Ttc , and It are the tax rates
for consumption and income and t71 and trY are the respective transfers. Labor and capital
taxation are also considered, and they involve straightforward adjustments to the above
budget constraints.

To solve the problem of the agents, not only processes for prices, but also processes for
tax rates and for transfers, have to be specified.

3.1 Equilibria

We follow Krusell & Rios-Rull (1994) and concentrate on stationary Markov equilibria.
This is accomplished by representing equilibria with recursive forms, and this representation

'As we will see, all agents of the same type behave the same way in equilibrium, which allows us to
abstract from their names. Obviously, all endowments of efficiency units need not be different; the same is
true for wealth levels.



includes three parts. First, we postulate a policy	 as a mapping fron t the economy-wide state
variables to tax rates and transfers, and we compute the economic equilibria associated
with these policies. Second, we characterize the economic behavior implied by a one-period
deviation from this.policy mapping. Third, we use these deviations to construct preferences
over policies and a political mechanism to aggregate these preferences into an equilibrium
policy. The state variables are the distribution of non-human wealth, A E . and the tax
rate inherited from the past, which is generically denoted by r. We now describe these steps
in detail for the case of income taxes and lump-sum transfers. The analysis for other tax
systems is similar.

3.1.1 Economic equilibria given a policy

Consider a policy function r' = 41(A, r). 'l'o avoid excessive notation, we do not make explicit.
the implied transfers, but derive their exact form in each instance. The problem of a given
agent of t ype i who has wealth a can be written in recursive form as follows:

vt(A,r,a:4/) = max u(e, 1) + /3 MA', 7 1 , a; tin	 s.t. :	 (I)

a'	 a + (ar (A, N)-ti (1 — Oei tu(A,N))(l — r) +	 — c,
rff (A, N) — E yikj,

ri d 	11/(A,r),
= H(A, TA)),

N	 !V(.4, r:'1').

The functions w(A, N) and r(A, N) are before-tax rental prices of factors of production
and they are determined in competitive factor markets. The function H(A, 7; kV) is the law of
motion of the distribution of assets that the agents take as given, and the function N( A, r:
gives the aggregate amount of labor which the agent also takes as given. The solution to
this problem gives next period's asset holdings as a function h i (A, a; k11 ), and leisure as
1,(A, 7, a:41). Note that we index value functions, decision rules, and economy-wide laws of
motion with the policy function T. The standard equilibrium conditions in this context are:

11,(A, r; 41) = /t j (A, r, A i ; 4),	 for all i E	 (2)
N(A,r; 4/) = E pi ed I —	 kW)).	 (3)

'Er

3.1.2 Economic equilibria for a one-period policy deviation

Consider now the following problem for an agent who, given the state (A, r), faces an arbi-
trary policy r' next period, whereaftsr ateluatction 141 willic_useito_determine-the-policy. 	
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fr

A, 7, 7', a; 'F) = max tt(C,	 T', a ;	 s.t.:
ca',I
	 (4)

a'	 a	 (ar(A,N) (1— 1)Ei w(A, N)) (1 — 7) + tr — c,
r[f (A,	 — SE yak],

A' = fi (A, 7, T f ; k1),

N	 N(A, r, 7 1 ; kli).

The function ti(A, 7, r'; tli) is the law of motion for the distribution of assets that the
agents take as given, and the function N(A, r, r'; t1/) determines aggregate employment. The
solution to this problem gives next period's asset holdings as functions 11,(A, r', a; ■11) and
1, (A, 7, 7', a; \If)). The equilibrium conditions in this context are:

f i(A, 1- , 7';	 = ii i (A,T,T 1 	 kV),	 for all i E I,	 (5)
N(A , r , r' ; 'F)	 L	 —	 r, r ', Ai ; *)).	 (6)

ter

3.1.3 Politico-economic equilibrium

The function 7,11, a; 'F) delivers the utility of a type i agent under tax rate T I tomorrow
and tax rates thereafter given by whatever is implied by IP and the associated accumulation
of assets: these are the induced preferences over policies that we are searching for. Hence,
with the median voter referred to as agent m, the preferred policy of the median voter
becomes

ik(A,T :	 = Argmax.,.,	 (A, 7, r', A„,.;'F).	 (7)

A politico-economic equilibrium is now a pair of functions and H such that, given 'F,
H is an economic equilibrium, and such that 	 is a political equilibrium, i.e.	 =

In what follows we will not look at all possible combinations of distributions of wealth
and skills, but at a subset which allows us to apply the median voter theorem—in the cases
that we look at the two dimensions of heterogeneity effectively reduce to one. These are
situations where agents have the same labor efficiency but different wealth; the same non-
human wealth but different labor efficiency; and a situation where all agents have the same
ratio of human to non-human wealth.

4 Properties of Steady States

In this section, we describe some of the key properties of steady states of the model. The
first thing to note is that a steady state cannot be characterized independently of the whole
recursive equilibrium. The reason for this is that agents need to know the paths of the econ-



omv for all possible tax rates in the following period in order to evaluate their preferences.'"
In particular, to find a steady state we have to calculate the equilibrium functions H and tP.
A steady state is a solution N. T a to the following system of equations:

.4" =	 r')	 (8)

7 . = T(fr,71.	 (9)

It is easy to see that equal distribution and zero taxes is a steady state by noting that
associated with any positive level of taxation there are distortions, but no redistribution.
Anot her property to notice is that in a steady state there is no net investment and, therefore.
both income and consumption taxes have the same tax base, i.e. a given consumption tax
rate implies exactly the same revenue collection as the same rate applied to income.

We want to compare the set of steady states of economies with endogenously determined
taxes with those of more traditional models where taxes are determined exogenously. In
Krusell Rs Rios-Kull (1994) there is a detailed analysis of the implications for economies
where leisure does not enter the utility function; there, it is shown that with exogenous
taxation the distribution of wealth is irrelevant." In economies with leisure, the level of
output is not independent of the distribution of wealth. However, the distribution of wealth
only matters by affecting the distribution of work effort across agents. In general, agents
with higher wealth will work less than those with lower wealth, and this is the channel
through which steady states are affected: different distributions of wealth, A, will imply
different levels of the aggregate amount of the labor input. For standard preferences these
differences are, however, small; in fact, with the Cobb-Douglas preferences we use below the
total amount of work effort is independent of the distribution. Therefore, the locus of wealth
distributions compatible with a steady state with a constant tax is an I — I-dimensional
hyperplane described by the equation Eole A, K. where K is the amount of capital that
yields an after-tax marginal productivity equal to the discount rate. When I = 2, this
hyperplane defines a line with slope equal to —p 1 / /2 2 . In the economies studied in this
paper, the role for distribution of the government dramatically affects the selection of taxes,
and therefore also the distribution of wealth. One way of illustrating the extent of this effect
is to point out that the set of steady states in the 2-agent case gives a slope of the local
linear approximation around the equal-distribution, zero-tax steady state which is positive
(i.e. far from mu t /P2)•

The fact that the set of steady states is large is important in our quantitative section in
t he sense that we need to decide what types of distributions to look at. In particular, steady
states with exogenous taxes allow any correlation between asset holdings and labor income.
We will typically consider three cases: one where the correlation is +1, and two where it is
zero.

Krusell k Rios-Rull (1994) there is a detailed description of this issue.
11 That analysis follows Chatterjee (1994).
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5 Calibration

From here on, our analysis is quantitative. This implies that we posit functional forms for
preferences, technologies and certain properties of the wealth distribution. Furthermore,
we give parameter values to those functional forms based on steady-state properties of the
U.S. economy. For preferences and technology we follow the real-business-cycle tradition.
Our growth model is very simple, and the growth aspects of the calibration are not, we
hope, controversial; the calibration of the wealth distribution, however, raises new issues.
We consider three different cases concerning the relation between the distribution of wealth
and the distribution of labor efficiency. This methodology was chosen so as to avoid possible
problems with voting cycles that could occur by obtaining non-monotone preferences over
tax rates. The distributions we consider include: (1) equal labor efficiency and differences in
non-human wealth; (2) equal non-human wealth and differences in labor efficiency; and (3)
the same ratio of non-human wealth to the endowment of labor efficiency units across the
two groups of agents.

The production function is Cobb-Douglas, i.e. Y = ION', with B = 0.36. Capital
depreciates at rate S on an annual basis, and we set it to 0.08.

We postulate CRRA per-period utility functions of a Cobb-Douglas consumption-leisure
index; the coefficient on consumption, a, is taken to be 0.33, and the coefficient of relative
risk aversion, a is 2. The discount rate is set so that the steady state without taxes implies
an interest rate of 4% annually. The expression for the utility function is:

co	 (ra /1—cxra 	1
u = E fi t k"'t 

1 —

We consider taxes to be chosen one period in advance, and we select the length of the
period to be four years. See Krusell Rios-Rull (1994) for an account of the role of the
time period in this type of economy. Finally, the economies we look at have two types of
agents of equal size, and we consider the poorer agent the median voter. Introduction of
more types of agents is straightforward, and Krusell 	 Rios-Rull (1994) analyzes a number
of such cases in more detail.

6 A Quantitative Comparison of Tax Systems

We now start the quantitative analysis based on the computation of equilibria for the
economies described in the calibration above.'

6.1 Steady-state snalysis

Tables 2, 3, and 4 show the steady state levels of taxation and aggregate output for a

variety of economies that differ in the relative composition of human and non-human wealth
among households. We report the steady-state tax rates and levels of output for different tax

' 2We do not know whether in general equilibria are unique for our class of models. However, we have not
encountered any case of multiplicity of equilibria in our computations.

fr

t=o
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systems (income taxes, consumption taxes, labor income taxes, and capital income taxes)
and wealth distributions. The aggregate output level is reported as a percentage of the level
of output that results in the steady state where zero taxes are imposed exogenously. and for
a variet y of spreads. in t he distribution."

A common feature to all economies is that the level of taxation is increasing with the
degree of inequality. This result is standard in the political-economy literature (see the
references above). Moreover, because taxes have a distortionary effect on the economy, there
is a negative relation between levels of taxation and aggregate output for all types of taxation.

In Table 2 we consider economies where all agents have the same ratio of human to non-
human wealth, while in the other two cases all agents have either the same labor efficiency
or the same amount of non-human wealth. The economy with positive correlation between
human and non-human wealth should be the most empirically relevant case. III this economy,
all agents choose the same amount of work effort. Table 2 reports the main results for t his
case:

• Consumption taxes generate lower steady-state output than do income taxes. The
reason for this is that rational agents internalize the smaller amount of distortion per
unit of transfer associated with consumption taxes, which induces them to choose a
higher level of taxation.

• Even though it is often thought that consumption and labor income taxes have similar
properties in terms of the distortions that they generate, this is not the case in our en-
vironment. Here, consumption taxation provides a broader tax base for redistribution
than do labor taxes, making them more attractive for the median voter. This feature
results in a higher level of taxation for consumption taxes than for labor taxes, and
hence leads to a lower steady-state output level.

• If capital income taxation is the only way to generate transfers, then small differences
in wealth across agents generate large levels of taxation and of distortion."

In economies where agents have different ratios of human to non-human wealth, a new
consideration appears: taxation cart now not only be used for direct redistribution through
the lump-sum transfers, but it can also be used to affect relative prices in a way that benefits
the median group at the expense of the other group. This feature is particularly important
in the study of capital and labor taxes, but it is also present in the cases of income and
consumption taxation.

In economies where agents have the same wealth but differ in labor efficiency. the median
agents (the low-efficiency agents) work less than the non-median agents.' As a result, the
income of the median agent has a higher share coming from capital than that of the non-
median agent. This means that the relative price changes that are an outcome of lower

"We did not report equilibria for economies with only capital income taxes in the cases of a very skewed
distribution of wealth; we were unable to compute equilibria in these cases.

'With our computational methods this leads to problems when the wealth differences are substantial: we
use - linear-quadratic-approximaticrns -an-d7.atrrstirtipose non-negatTifty constraints such as one on investment.
Such constraints are likely to be binding in these cases.

'This result is special to the type of preferences that we consider.
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aggregate capital—an increase in the rental rate of capital relative to the wage rate—benefit
the median agents. Table 3 shows the steady-state values for output and taxation for these
economies. A summary of the findings is as follows:

• All levels of taxation are lower than in the economies where all agents have the same
ratio of human to non-human wealth. This is because the differences in income between
agents are smaller in this case.

• Income taxes now lead to lower output than do consumption taxes. The reason for
this is that the reduction of total future capital has an effect on the relative prices of
factors of production that favors the median agents, and this in turn induces a heavier
use of income taxes than of consumption taxes.

• Labor taxes are perfect substitutes for consumption taxes even though their tax base
is different, because the higher revenues of consumption taxation cannot give any net
redistribution since all agents hold equal amounts of non-human wealth, and because
the two taxes have the same distortionary effects. (The tax rates are only nominally
different because of the form in which they enter the budget constraint.)

• Capital income taxation has very interesting properties. First, the it cannot be used
to redistribute, just to distort, since all agents have the same amount of capital. Why,
then, do the median agents want to distort? The reason is very much the same as the
one that leads a large country to want non-zero tariffs: the associated distortion is not
neutral. There is a change in after-tax relative prices benefitting those with a higher
proportion of their income coming from capital, which in this case means the median
households.

In our third case agents have the same labor efficiency but differ in non-human wealth, and
here the median agents (the poor agents) work more than the non-median agents. Because of
their lower asset holdings and the higher work effort, the relative composition of the median
agents' income is thus tilted towards labor income. This means that a change in the relative
price following from a lower aggregate capital stock benefits the non-median agents. Table 4
shows this economy's steady-state values for output and taxation for all these tax systems.
Some of the key properties of the findings are:

• Income taxes lead to higher levels of income than do consumption taxes.

• The level of labor income taxation is negative. This is due to the fact that poorer
agents work harder, and, hence, they want to subsidize labor earnings.

• Even though the capital income tax rate is quite high, it is still lower than the one that
results in the economy where all agents have the same ratio of human to non-human
wealth. This comes from the negative effect of the lower capital stock, via relative
prices, on the relative income of the median households. The same qualitative result
holds for income and consumption taxes, which are also lower in this case.

We summarize the key findings of the steady-state analysis of different tax systems with
the following:
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1. The level of taxation is an increasing function of the concentration of income. This
property holds for all tax systems and all sources of income differentials.16

2. 'lypically, income taxation leads to a higher level of output than does consumption
taxation. This is due to the fact that income taxation is more distortionary, so that it
will tend to be used less than consumption taxation.'

6.2 A comparison with environments where the level of transfers is exogenous

In order to highlight t he importance of endogenizing the determination of the level of taxation
through the political mechanism, we also computed the steady-state equilibrium allocations
when the level of taxation is determined by an exogenous level of transfers. In other words,
assume t hat the level of transfers is predetermined. Consequently, the level of taxation must
be such that the public budget is balanced. We thus computed the steady-state equilibria
associated with different types of taxation. As an example, we selected the given amount of
per-capita transfers to equal that amount determined in the politico-economic equilibrium
with income taxes. This type of analysis is similar to a simplified version of the optimal
taxation approach, and it shows how the introduction of an endogenous political mechanism
can change the views on t he preferability of different systems of taxation. For the case in
which all agents have the same ratio of human to non-human wealth. Table 5 shows the
steady-state levels of taxation and aggregate output required to raise the same amount of
revenue that the equilibria with income taxes generate. Output is reported as a percentage
of the level obtained in the case of income taxes. In the Table, we see that consumption
taxes are capable of raising this amount at a much higher level of output.

Of course, the above experiments are not immediately informative about welfare; we just
used the level of output as an indirect measure of the level of distortions, and as a first pass
at the study of the quantitative properties of the economies that we are interested in.

6.3 Welfare analysis

In the welfare analysis of the alternative tax systems it is crucial to make the comparisons
starting from identical initial conditions. This implies not only a specific wealth distribution,
but also an initial level of taxation. We choose as initial conditions the steady states that are
realized under the different tax systems. In the first period, the economy still has the taxes
associated with the old tax system set in the previous period, but the following period's
tax rate, which belongs to a different tax system, is now voted on. We then compute the
equilibrium paths associated with the switches to alternative tax systems and we compare
the implied utilities for both types of agents with those obtained in the steady states. Next,
we compute the constant proportional increase in per-period consumption that has to he
given to the agents when the economy switches tax systems so that they are indifferent

' 6 For economies with all agents having the same labor efficiency and different wealth shown in Table 4.
labor taxes are negative. Here, the absolute value of the tax rate is increasing with income concentration.

'7As_state4-this-is-net-true-foreconorrnes-wheuragentrh3TE-the same non-human wealth braiffer in
their labor efficiency, but we consider this case more as a consistency check on our results than as a plausible
case.
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between switching and not switching. Our procedure implies that a positive (negative)
reported number arises from a welfare loss (gain) when the economy switches tax systems.
We have found all our numerical examples to exhibit stability, i.e. the economy moves from
the original steady state towards a new steady state.

Table 6 shows the findings associated with these experiments. In the first part of this
table, we see that both types of agents suffer utility losses when switching from a system with
income taxes to one with consumption taxes. The losses are larger for the non-median (rich)
agents. If we considered the switch from income taxation to labor taxation, the findings
are not so clear: when all agents have the same ratio of human to non-human wealth, the
median agents realize small welfare losses, while the non-median agents are better off after
the change in tax system. However, when the ratios of human to non-human wealth are
different across types the welfare of the median agent improves with the change.

The second part of Table 6 shows a switch from the steady state with consumption taxes
to a system with income taxation and to one with labor taxation. There are small losses
for the median agents and larger gains for the non-median agents, except for the case when
agents have the same labor efficiency but different non-human wealth: then, both agents
gain from changing tax systems.

Finally, the third part of Table 6 shows the properties of switches from labor taxation
to income and consumption taxation. In this case, the welfare changes are small and entail
welfare losses for the median (except when switching to an income tax system in economies
with the same ratio of human to non-human wealth: here there is a negligible gain for the
median).

We summarize these findings as follows:

1. There is only one case in which all the groups increase their welfare after a change
in the tax system. This is when consumption taxes are replaced by income taxes in
an economy where all agents have the same non-human wealth but different labor
efficiency.

2. The median agents improve their welfare after a change in tax systems only in two
cases: in the case noted before, and in the case of a replacement of labor taxation by
income taxation in an economy where all agents have the same ratio of human to non-
human wealth (and in these cases the median agents prefer a change by the slightest
of margins).

3. The two above points lead to the insight that tax systems have an important stability
property: once a tax system is in place it will be hard to replace with another tax
system. This is particularly true if the change in tax systems requires some form of
qualified majority (unanimity in our 2-agent case).

7 Economies with Both Consumption and Income Taxes

It is natural to also ask about the properties of economies in which two taxes, say an income
and a consumption tax, are contemporaneously voted on. There are well-known problems
associated with multidimensional voting (majority voting may not be (quasi-)transitive, and
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the median-voter theorem may not apply). These problems do not arise in a 2-agent economy
in which one group of agents is larger than the other one— then, all we need is to maximize
the indirect preferences for the more numerous agent over the tax pair. As before, we let
I he decisive voter he the poorer agent.

7.1 Steady-state analysis for systems with two taxes

In ' Fable 7 we report the steady-state tax rates of the economies with both consumption and
income taxes for different degrees of income concentration corning from differences in asset
holdings, differences in labor efficiencies and differences in both asset holdings and labor
efficiencies. The ke y properties that we observe are:

• When agents differ in asset holdings, the consumption tax is used for collecting rev-
enue and the income tax is used for partially offsetting the distortionary effect of the
consumption tax. More specifically, there will be a positive consumption tax and a
negative income tax, producing the following result: (i) a negative income tax par-
tially offsets the distortionary effect of consumption taxes on the labor/leisure choice;
(ii) at the same time, negative income taxes increase next period's capital stock and
income, which implies a higher tax base for collection of future revenues and thus fix-
ture transfers, as the differences in assets between the groups are permanent. Thus,
the intertemporal distortion that the income tax creates by subsidizing capital accu-
mulation is somewhat offset, from the point of view of the (poor) median agent, by the
higher future tax base that it induces.

• When agents differ in their non-human wealth (parts I and 3 of Table 7), we have
higher income subsidies (a negative income tax with a higher absolute value) than
when agents have the same non-human wealth. The reason behind this result is that
in t his economy the median agents work longer than the richer ones, and therefore
the share of income due to labor is higher. The median agents thus internalize the
role that higher capital tomorrow has in determining relative prices: higher capital
implies higher wages. In the economy where the ratios of human to non-human wealth
are equated across agents, all agents work the same amount of hours, implying that
everybody receives the same functional composition of income. This implies that the
gains for the median agents from distorting the relative prices of labor and capital is
lower in the case of equal labor efficiencies.

• When agents have the same wealth but different labor abilities (part 2 of Table 7),
income taxes are not used and the properties of the equilibrium are the same as those
of the economies with only consumption taxes. In this case, the distortion of the
intertemporal margin does not change the effective redistribution that can be imple-
mented through the taxation of capital income because both types of agents have the
same asset holdings. At the same time, an increase in the relative price of labor is not
worthwhile for the median agents given that their labor efficiency is low and they work
lesa;_iu_fact, as--in-tile-case with a-eapital-ineeme-taronfrin-the-previous-section, this 	
argument speaks for positive income taxes. In sum, however, this effect and the need to
partially offset the labor/leisure distortion created by the consumption tax will cancel,
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so from the median's point of view, non-zero income taxes have a pure distortionary
role.

• The highest transfers occur in the economy where agents have identical ratios of human
to non-human wealth (part 1 of Table 7), followed by the economy where agents have
the same non-human wealth but different labor efficiency (part 2 of Table 7), and,
finally, by the economy where agents only differ in non-human wealth (part 3 of Table
7). Given the parameterization of the model economies, this hierarchy also corresponds
to that of total income.

• The steady states are associated with at least as high levels of output as in societies
with only one type of taxation.

We found the fact that income taxes are never positive (and almost always negative) in
the case when two taxes are voted on quite striking. This is true even in the case when
there is a large difference among groups in asset holdings. Although this type of tax focuses
more on the asset base, consumption taxes remain more efficient for the purpose of taxing
agents with high asset holdings: consumption does rise as a function of the asset holding,
and taxing this base is less distortionary.

The fact that there seems to be higher levels of output in the two-tax steady states than
in economies with one type of taxation is indicative of the desirability of a system with two
taxes (thus casting doubt on Brennan & Buchanan (1977)'s general proposition that the
more efficient the government, the worse the resulting economic performance), it cannot be
directly used to make welfare comparisons across tax systems. To be able to make welfare
comparisons we have to perform the same type of dynamic analysis as in Section 6.3.

7.2 Welfare analysis

7.2.1 Switching from a one-tax to a two-tax system

Table 8 describes the welfare losses for the two types of agents that result when the economy
starts at a steady state with one type of tax and it moves to a tax system with both
consumption and income taxes.

We see that a replacement of income taxes with two taxes worsens the welfare of the non-
median agents. The median agent is also worse off except for the case of equal non-human
wealth and differential labor efficiency. However, the quantitative amount of the welfare
improvement in this latter case is almost zero. This, again, suggests that if a society is at a
point where income taxes are used but consumption taxes are not, there latter is unlikely to
be introduced. This model thus offers one explanation for the lack of federal consumption
taxes in the United States.

On the other hand, adding income taxes to a society which is in a steady state with
consumption taxes may increase the welfare of all the agents involved. This occurs when
all agents have the same ratio of human to non-human wealth. As we saw in the previous
subsection, when all agents have the same asset holdings and different labor efficiencies,
income taxes are not used, which implies that the economy remains in the same position
as it was before the introduction of income taxes; therefore, the welfare of the agents does
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not change. When agents have the same labor efficiency and different non-human wealth,
the median agents gain and the non-median agents lose. We saw in the previous section
that in societies with consumption taxes, a replacement of the existing tax with income
taxes is unlikely. What Table 8 tells us, instead, is that for these societies the addition
of au income tax to the preexisting consumption tax is much more likely. Most countries
that base most of their fiscal revenue on income taxes have introduced them later and in
addition to consumption taxes as this model predicts. However, as a positive theory. the
model with simultaneous voting on income and consumption taxes is problematic since it
predicts negative income taxes.

Regarding the substitution of labor taxes with the combination of consumption and
income taxation, Table 8 shows that all agents lose (except the median agents in the case
of an equal ratio of human to non-human wealth), but the improvements are quantitatively

7.2.2 Switching from a two-tax to a one-tax system

Table 9 describes the welfare losses for the two types of agents that result when the economy
is in the steady state with both consumption and income taxes and it moves to a tax system
with only one tax.

We see that the replacement of a tax system based on both consumption and income
taxes with a system with only one tax always reduces the welfare of the median agent. This
change in the tax system has the opposite effects on the welfare of the non-median agent in
almost all cases (the only exception is the replacement of the two taxes with a consumption
tax when all agents have the same ratio of human to non-human wealth; in this case the
non-median agents are also worse off).["

8 Other Roles for Government

So far, we have been assuming that government outlay's are used for redistributing goods in
equal amounts to all agents. However, many of the government's activities are associated
with the provision of goods and services. In this section we explore the properties of alter-
native tax systems when all of the government revenue is used for purchasing goods. and the
political system determines the levels of spending.I9

8.1 Public provision of private goods

Public provision of private goods which are highly substitutable with private consumption
include education and certain forms of public support like health assistance. If the public
goods are indeed perfect substitutes with private goods, and they are distributed on an equal

:gAs for the reverse switch of systems, the replacement. of a two-tax system with one with consumption
taxes in the case where all agents have the same asset holdings has no effect on the equilibrium allocation,
as the resulting income tax rate is zero and the economy maintains its wealth distribution over time.

19 For brevity-of-expusttiarwcdo not report the results of The st.dations nor the proofs of the claims we
make in the present section. However, they are available upon request from the authors.
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per-capita basis where no agents have zero private provision of the good, then the properties
of this economy are identical to that with direct cash transfers.

An interesting variation is the assumption that the government is inefficient in providing
these goods. There are different rationales for this: costly information acquisition may be
necessary, the incentive structure in the public sector may make it inefficient, and so on.

To implement the notion of inefficient public provision of private goods, we consider a
widely used specification for the utility function given by u(c, g, 1) = 1( `+"9 ° 11-11-a  where c10
is private consumption, g public expenditures, / leisure, and 7r E [0, 1] is an index of efficiency
of the public sector.'

We compared economies with the same fundamentals but different degrees of government
efficiency, 7r. Our findings are parallel to those in the economies with lump-sum redistribu-
tion: economies with higher efficiency in the government provision of the goods will tend to
have more active governments. For example, an income tax economy where all agents have
the same ratio of human to non-human wealth and where the median agents have 85% of the
average wealth and which has r = 1 gives a steady-state tax rate of 16.53%. However, when
7r = 0.9, meaning that the public sector is not perfectly efficient in the provision of the good,
the steady-state tax rate is 7.58%. Correspondingly, steady-state output in the economy
with a fully efficient government economy is only 89.3% of the value in the economy with
an inefficient government. Thus, this constitutes further evidence that the more efficient the
fiscal instruments of redistribution, the more expanded the public activity, and the worse
the aggregate performance of the economy due to higher distortionary taxes.'

8.2 Public provision of public goods

Another key activity undertaken by the government is the provision of public goods. It
turns out that the properties of the equilibrium of economies where government outlays are
used to provide public goods depend crucially on the specification of the role these goods
play in utility, and on the ratios of human to non-human wealth for the different agents.
For example, the public good can enter the utility function in the same form as the private
goods under Cobb-Douglas preferences, i.e. as u(c, g, 1) = 1ea1g0211T 1-021 In this case,
Engel curves are linear: the shares of expenditures for each good are independent of the
level of income and all agents would like to spend the same ratio of their income on the
public good. This means that when all agents have the same ratios of human to non-human
wealth, they also have the same preferences over tax rates since now government policy plays
no role for redistribution (both the costs and the benefits are proportional to their wealth).
The preferred choice balances the distortion that the taxes generate with the utility they

20 A. discussion of a variety of formulations for how public goods affect the economy and their macroe-
conomic effects can be found in Aschauer & Greenwood (1985). Examples of studies using this particular
specification are Aschauer (1985) in testing the Ricardian Proposition, Christiano & Eichenbaum (1992)
in analyzing the contribution of government consumption in the generation of aggregate fluctuations and
McGrattan (1994) in . analyzing the influence of capital taxes, labor taxes, and government consumption for
the business cycle.

21 0f course, this does not translate into utility terms since the fact that publicly provided goods are more
efficient in generating utility in the case with an efficient government.
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provide and the political problem turns into a pure optimal-taxation problem: the best taxes
are the least distortionary taxes.

When the ratios of human to non-human wealth differ across agents, Hie situation 1cAanges
slightly since now the contribution to the finance of the public goods is not proportional to

individual incomes (with capital or labor taxes) and the distortions caused by taxation are
not identical for all groups. Consequently, the preferred tax rates are not the same across
types of agents. The differences, however, are small because the variations across groups of
the tax-induced distortions are also small. This leads to the finding that the political system
generates policies that are very similar to the ones that we would obtain from optimal-
taxation analysis.

If preferences are not Cobb-Douglas over the public good, as in the case u(c, .9 ,1) =
	  + 0(g), where c is private consumption, I leisure, g public spending, and t;.,(-)
is strictly increasing and concave. 22 Now the agent's preferences over the optimal level of
taxation, and thus the optimal provision of the public good, depends not only on the relative
sources of income, but also on the absolute value of individual income. The extent of the
differences in preferences across agents over the amount of the public good then depends on
the extent of the income dispersion. However, in our numerical examples, the dependence
of the equilibrium level of taxation on distribution is not as strong as in the case of cash
transfers, and therefore the steady state level of output is larger with less distortionary taxes,
implying that consumption taxes are typically better than income taxes.

If we consider a public good that acts as an input to production, similar findings arise. 23 In
particular, we assume the following specification for the production function: Y = K° -9 1'
where k is private capital, N labor input, and 19 is public expenditures.24

In this case, the relation between distribution and taxation depends on the type of taxes
used to finance public expenditures. More specifically, with a Cobb-Douglas production
function with three inputs, one of them being a public good, and with income or consump-
tion taxes, the distribution of income has no effect on the level of taxation, except for the
effect through the tax exemption of depreciated capital. The reason for this finding is that
t he increase in the level of provision of the public good has the effect of increasing the prices
for the services of both capital and labor. This in turn means that all agents benefit pro-
portionally to their endowment of capital and labor. Because the cost is also proportional
to the endowment of capital and labor, we obtain agreement over policies and the standard
finding that the less distortionary the taxes are, the better.

If we assume that tax rates for different kinds of income differ, then unless the proportion
of capital income on labor income is the same for all agents, the distribution of wealth has

22 1f the process generating g is exogenous, this functional form is particularly convenient because the
agent's maximization problem is not affected by g at the margin. For this reason it has been used in several
studies on taxation. Examples are Aiyagari, Christiano, Eichenbaum (1992). Jones et al. (1993, sec. II
and 111), Chari et al. (1994).

"For example, Aschauer (1989) provides some empirical evidence for this hypothesis: he shows that the
stock of non-military public capital (in particular that of structures) has a significant effect on private factor
productivities. Other examples of studies that consider the role of public expenditures as an input to the
asytgate -prüllIttiOn furtion are liarro 0990), Jones et al. (1993, sec. IV), and Alesina	 Rodrik (1994).

24 1f 0 +

.1.

> 1, then the model allow endogenous growth.
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an influence on the equilibrium level of taxation as it affects the relative factor prices, and
hence it affects the various groups of agents differently.

9 Some Properties of the Data

As partial empirical support of our findings, we present two types of evidence. Table 10
shows how the size and composition of government revenues due to consumption and to
income taxes relate to the level of output. In this table, we report the cross-correlations
for per-capita GDP, the ratio of total tax revenue to GDP, the ratio of income taxation
(including social security) to GDP, the ratio of consumption taxation to GDP, and the
shares of government revenue due to income and to consumption taxation. The correlations
are computed from a cross-section of OECD countries in 1985. In the table we see that the
importance of income taxation is positively related to output, both measured as the ratio of
total income and as a ratio of tax revenue. The relative importance of consumption taxation
is negatively related to the level of output, again both when measured as a ratio to public
revenues and as ratio to output. The relation between the level of taxation and output is,
however, negative, even though our model is constructed to have the opposite property.

The other piece of qualitative evidence which can be brought forth in support of our
present findings is the fact that changes in taxation systems are relative infrequent, while
changes in the tax rates are much more frequent. For example, income taxes once instituted
have never been removed, and the U.S. has never had a federal consumption tax.

10 Conclusions

In this paper, we have described the properties of a neoclassical growth model where agents
are heterogeneous in asset holdings and/or labor earnings ability when the level of taxation
is determined through a politico-economic mechanism and the tax proceeds are rebates as
lump-sum transfers. We have shown that, in general, consumption taxes induce lower output
than income taxes as agents internalize the higher distortionary cost induced by income taxes.
We have also shown that switches from one tax system to another tend not to increase the
welfare of the median voters. This suggests stability in tax systems, and a permanence of
status quo. This results also hold for tax systems that allow for the simultaneous taxation of
consumption and income, albeit there are some exceptions in this case. The most important
of these exceptions refers to the case of an addition of income taxes to a society that only
uses consumption taxes; this addition results in welfare gains for both types of agents.

We have also looked at economies where government outlays are not used for redistri-
bution but for the provision of public goods. We found that the determination of the level
of taxation through a politico-economic mechanism tends to lead to the same properties as
those of the standard optimal taxation literature, i.e., less distortionary taxes are preferable.

Finally, we have that some elements of cross-country data support our theoretical findings:
there is a positive correlation of the level of per capita output across OECD countries and
the share of government revenues coming from income taxation.
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Country	 Income
Tax

Social
Security

Cons.
Tax

GDP per
capita

Australia 54.6 - 28.7 8850
Austria 26.4 31.8 31.0 8929
Belgium 40.6 33.1 22.7 9717
Canada 44.1 13.5 26.1 12196
Denmark 56.8 3.8 32.9 10884
Finland 51.0 9.1 35.7 9232
France 17.3 43.3 28.7 9918
Germany 34.8 36.5 24.6 10708
Greece 17.5 35.6 40.0 4464
Iceland 22.7 2.4 59.5 9037
Ireland 34.5 14.8 42.6 5205
Italy 36.8 34.7 23.6 7425
Japan 45.8 30.3 12.1 9447
Luxembourg 44.6 25.2 23.4 10540
Netherlands 26.3 44.3 23.4 9092
New Zealand 68.7 - 22.0 8000
Norway 39.3 20.6 36.3 12623
Portugal 25.7 25.9 41.3 3729
Spain 26.2 41.3 27.7 6437
Sweden 42.0 24.8 25.4 9904
Switzerland 40.9 32.0 17.5 10640
Turkey 37.0 14.3 35.7 2533
United Kingdom 39.1 17.6 29.4 8665
United States 42.8 29.4 15.4 12532

Table 1: Taxation as a percentage of total tax revenue in the OECD countries: 1985.
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Median Wealth/Average Wealth
0.99 J	 0.95	 0.90	 0.85	 0.67

Median Labor Efficiency/Average Labor Efficiency
7	 0.99 0.95 0.90 0.85	 0.67

Income
- Tax Rate 1.253% 6.023% 11.502% 16.527% 32.111%
- Output 98.738% 93.879% 88.191% 82.879%, 65.872%
Consumption
- Tax Rate 1.97:3% 10.272% 21.6:39% :34.204% 88.210%
- Out put 98.620% 93.211% 86.699% 80.483% 61.525%
Labor
- Tax Rate 1.:320% 6388% 12.287% 17.764% 35.019%
- Output 99.060% 95.385% 90.966% 86.719% 72.355%
Capital
- Tax Rate 4.664%
- Output 98.582%

Table 2: Endogenous cash transfers: steady-state tax rates and output when all agents have
the same ratio of human to non-human wealth.

Median Wealth/Average Wealtl
1.00	 1.00	 1.00	 1.00 1	 1 .00

Median Labor Efficiency/Average Labor Efficiency
0.99 0.95 0.90 0.85 0.67

Income
- Tax Rate 1.161% 5.629% 10.854% 15.730% 31.304%
- Output 98.830% 94.284% 88.870% 83.727% 66.770%
Consumption
- Tax Rate 1.418% 7.248% 14.922% 23.079% 58.280%
- Output 99.004% 95.112% 90.433% 85.938% 70.763%
Labor
- Tax Rate 1.398% 6.758% 12.985% 18.753% 36.826%
- Output 99.004% 95.112% 90.432% 85.937% 70.758%
Capital
- Tax Rate 1.457% 7.111% 13.811%
- Output 99.565% 97.805% 95.551%

Table 3: Endogenous cash transfers: steady-state tax rates and output when all agents have
the same wealth but differ in labor efficiency.

r
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Median Wealth/Average Wealth
0.99 -I	 0.95	 0.90 I	 0.85	 0.67

Median Labor Efficiency/Average Labor Efficiency
1.00	 1.00 1.00 1.00 1.00

Income
- Tax Rate 0.095% 0.469% 0.925% 1.369% 2.896%
- Output 99.904% 99.527% 99.068% 98.621% 97.074%
Consumption
- Tax Rate 0.545% 2.775% 5.676% 8.720% 21.554%
- Output 99.614% 98.070% 96.131% 94.178% 86.744%
Labor
- Tax Rate -0.078% -0.393% -0.788% -1.184% -2.264%
- Output 100.055% 100.278% 100.557% 100.836% 101.862%
Capital
- Tax Rate 3.228% 16.717%
- Output 99.027% 94.510%

Table 4 Endogenous cash transfers: steady-state tax rates and output when all agents have
the same labor efficiency but differ in wealth.

Median Wealth/Average Wealth
0.99	 0.95 I	 0.90 I	 0.85 I	 0.67

Median Labor Efficiency/Average Labor Efficiency
0.99 0.95	 0.90	 0.85	 0.67

Income
- Tax Rate 1.253% 6.023% 11.502% 16.527% 32.111%
- Output 100.00% 100.00% 100.00% 100.00% 100.00%
Consumption
- Tax Rate 1.250% 5.933% 11.090% 15.510% 26.176%
- Output 100.39% 102.22% 105.12% 108.70% 128.04%
Labor
- Tax Rate 1.525% 7.321% 13.961% 20.039% 39.152%
- Output 100.18% 100.87% 101.69% 102.45% 104.25%
Capital
- Tax Rate 6.782% 29.198% 50.595% 70.265%
- Output 99.16% 95.37% 88.90% 76.40%

Table 5: Exogenous cash transfers: steady-state tax rates and output when the level of
transfers is exogenous for different types of taxes. All agents have the same ratio of human
to non-human wealth.

4
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1
Same ratio of human
to non-human wealth

Same wealth,
different efficiency

Same efficiency,
different wealth

ara 0.85, 'La = 0.85	 = 1. 'it? =0.85 -sAft“	 = 0.85, =4'i: a =-j
Income Tax
Replaced with

Consumption Tax
- Median Agent 0.05% 0.03% 0.10%

- Non-Median Agent 1.98% 0.21% 0.29%
Labor Tax
- Median Agent 0.01% -0.10% -0.00%

- Non-Median Agent -0.40% 0.04% -0.01%

Consumption Tax
Replaced with

Income Tax
- Median Agent 0.38% 0 .19% -0.06%
- Non-Median Agent - 2.10% -0.24% -0.26%
Labor Tax
- Median Agent 0.5 1 % 0.21% -0.06%
- Non-Median Agent -2.35% -0.14% -0.27%

Labor Tax
Replaced with

Income Tax
- Median Agent -0.00% 0. 12% 0.00%
- Non-Median Agent 0.39% -0.06% 0.00%
Consumption Tax'
- Median Agent 0.02% 0.07% 0.04%
- Non-Median Agent 1.20% 0.05% 0.13%

Table 6: Welfare losses as percentage-of-consumption flows when the economy switches from
a steady state with one type of tax to a system with another type of tax.
'Computational difficulties in this case led us to using ratios of 0.90 rather than 0.85 for the
three consumption cases.

I
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Median Wealth/Average Wealth
0.99 1	 0.95 1	 0.90 1	 0.85

Median Labor Efficiency/Average Labor Efficiency
0.99 0.95 0.90 0.85

Cons. Tax Rate	 4.001% 21.037% 44.872% 71.876%
Income Tax Rate	 -2.013% -10.110% -20.354% -30.772%
Output	 99.218% 96.078% 92.134% 88.198%
Transfer/Output	 1.545% 8.428% 18.730% 31.126%

Median Wealth/Average Wealth
1.00	 1.00	 1.00 1	 1.00

Median Labor Efficiency/Average Labor Efficiency
0.99 0.95 0.90	 0.85

Cons. Tax Rate 1.417% 7.244% 14.915% 23.072%
Income Tax Rate 0.001% 0.004% 0.006% 0.007%
Output 99.004% 95.111% 90.431% 85.936%
Transfer/Output 1.105% 5.648% 11.629% 17.987%

Median Wealth/Average Wealth
0.99	 0.95	 0.90 - I	 0.85

Median Labor Efficiency/Average Labor Efficiency
1.00 1.00 1.00 1.00

Cons. Tax Rate	 2.556% 13.208% 27.494% 42.964%
Income Tax Rate	 -2.023% -10.350% -21.321% -32.989%
Output	 100.217% 101.031% 101.936% 102.734%
Transfer/Output	 0.416% 2.203% 4.711% 7.541%

Table 7: Steady states for economies with cash transfers and two taxes available.
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Both Taxes Replace
Same ratio of human
to non-human wealth

Ad = 0.85 =La = 0.85

Same wealth,
different efficiency
Liaz.4„	 1.	 = 0.83

Same efficiency,
different wealth

= 0.85.	
=	 II

A 4

Income Tax
- Median Agent. 0.0 1 % - 0 .00 % 0.11%
- Non-Median Agent 1.29% 0.27% 0.45%
Consumption Tax
- Median Agent -0.14% 0.00% -0.04%
- Non-Median Agent -0.92% 0.00% 0.12%
Labor Tax
- Median Agent -0.01% 0.12% 0.09%
- Non-Median Agent 1.84% 0.19% 0.47%

Table 8: Welfare losses as ,ercentage-of-consumption flows when the economy switches from
a steady state with one t y pe of tax to a system with both consumption and income taxes.

Both Taxes	 Same ratio of human
Are Replaced with ii to non-human wealth

Am- = 0.85, Ccia = 0.8.5i	 n o	 .,„
II

Same wealth,
different efficiency
to, = I, 9s: = 0.85

Same efficiency,
different wealth
lak,	 -= 0.85, C.L.: = 1

I I

Income Tax
. Median Agent 1.50% 0.20% 0.59%
- Non-Median Agent -1.12% -0.24% -0.27%
Consumption Tax'
- Median Agent 0.05% 0.00% 0.05%
- Non-Median Agent 0.13% 0.00% -0.01%
Labor Tax
- Median Agent 1.69% 0.21% 0.58%
- Non-Median Agent -1.29% -0.14% -0.25%

'Table 9: Welfare losses as percentage-of-consumption flows when the economy switches from
a steady state with both consumption and income taxes to a one-tax system.
'Computational difficulties in this case led us to using ratios of 0.95 rather than 0.85 for the
three consumption cases.
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TotTax IncTax Tax GDP IncTax ConsTax
GDP GDP GDP TaxRev TaxRev

TotTax 1.000GDP

IncTax 0.820 1.000GDP

C°"sT" 0.554 0.082 1.000GDP

GDP 0.459 0.512 -0.048 1.000

IncTax 0.201 0.692 -0.610 0.365 1.000TaxRev

ConsTax 0.051 -0.528 0.777 -0.419 -0.931 1.000TaxRev

Table 10:
Tax, revenue, and output correlations in the OECD Countries: 1985. Source: Revenue
Statistics of OECD Member Countries, OECD, Paris, 1991, and Summers & Heston (1991).
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