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Abstract

This paper develops a positive theory of overlapping income taxation
in a federation of states. Its main motivation comes from the observation
that in the U.S. states income tax rates are significantly lower than the
federal income tax rate. The analysis shows that in a federal system total
productivity dispersion between the states determines the federal tax rate.
In fact, there exists a positive relation between the level of productivity
dispersion and the federal tax rate, even if the income of the decisive voter
is above the mean income. When the individuals’ income is endogenous,
the higher the implemented federal tax rate is, the lower the resulting state
tax rate will be, even if the decisive voter at the state level has zero pre-tax
income. Empirical evidence obtained from a panel data set on tax schedules
at the state level supports the main hypothesis of the paper. Most notably,
the data points to the existence of a significant trade-off between the states
tax rates and the federal tax rate, explained through productivity dispersion

between the states.
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1. Introduction

The main motivation for this paper comes from the observation that states income
tax rates in the U. S. are significantly lower than federal income tax rates. Ac-
cording to the TAXSIM model, in the last twenty five years the average effective
marginal income tax rate at the federal level oscillates around 30% while for a
majority of states the average effective state income tax rate is below 5%, with
nine states during the studied period exhibiting a zero income tax rate.!

From a political economy standpoint the extremely low income tax rates at
the state level are a puzzling observation. It is well established in the positive
literature of income taxation that if the income of the median voter is below
the mean (this is the case for every state within the U.S.), then a majority of
voters (namely those whose income is less than the mean) should prefer large
scale expropriation and redistribution. Several explanations exist for the fact
that, in practice, the rich are not expropriated through the tax system, the most
prominent related to the deadweight loss from taxation (Meltzer and Richard,
1981). But even if voters take into account the deadweight loss from taxation, the

low levels of state income tax rates exhibited in the U.S. are difficult to explain.

!The TAXSIM data referred to is available at http://www.nber.org/ ™ taxsim.



(This is especially the case for the nine states that have never implemented a
positive income tax rate.) Of course, it would be a mistake to treat states, which
belong to a federation, as separate political entities. While it is the case that in
the U.S. states are free to impose their own income tax rates, that freedom is
restricted by the very existence of a federal income tax. For in a federal system
where tax bases are joint property, state and federal tax settings decisions are
interdependent.

This paper builds a simple model of taxation and redistribution in a two-tier
federal system consisting of a single central government and two state govern-
ments. The federation’s political process works as follows. In the first stage
individuals vote for a federal tax schedule that applies to all the residents of the
federation, regardless of their state of residence. At a second stage residents of
each state vote over tax schedules in that particular state. Governments at all
levels use only linear tax-transfer schedules to redistribute income. The political
mechanism considered for all the elections is majority rule.

In the model, individuals are endowed with a productivity level and choose
the amount of labor they supply as a function of the selected tax schedules. This
introduces a trade-off between the level of output and its distribution, as was

first modeled in a political economy context by Romer (1975), Roberts (1977),



and Meltzer and Richard (1981). The point of departure of this paper is that
individuals, who are assumed immobile, reside in two different states and face
overlapping taxes on their income. This framework creates a new source of het-
erogeneity in which individuals differ not only with respect to their productivity
level, but also with respect to their state of residence.? Consequently, new con-
siderations (besides their own income) influence the individuals’ preferences over
tax schedules.

When forming their preferences over the state and federal income tax sched-
ules, individuals know that significant differences exist between these taxes. First,
individuals are aware that state and federal tax settings decisions are interdepen-
dent. In particular, individuals rationally anticipate that, because of incentive
considerations, the higher the implemented federal tax rate is, the lower the im-
plemented state’s tax rate will be, even if the decisive voter at the state level has
zero pre-tax income. The second important difference is that while the state tax
schedule redistributes income within each state, the federal tax schedule implicitly
redistributes income between the states.

The results show that the existence of productivity dispersion between the

2This paper abstracts from mobility of individuals between the states. This assumption allows
me to highlight a different mechanism influencing federal and states’ income tax schedules. See
the conclusions for a detailed discussion of the influence of mobility on the results of the paper.



states plays a crucial role in the analysis. Residents of the relatively rich state
always oppose a positive federal tax rate. Individuals with low productivity resid-
ing in the rich state prefer a zero federal income tax rate in order to maximize the
redistribution at the state level. Individuals with high productivity in this state
also oppose federal taxation but simply because taxation, in any form, reduces
their utility. In contrast, residents of the poor state favor a positive federal tax
rate, its level depending on each individual’s productivity level.

Since individuals’ preferences over the federal tax schedule are not monotonic
in their productivity level, a coalition of poor individuals (which constitute a
majority of the federal population) never emerges. In fact, the income of the
decisive voter at the federal level is always above the median federal income and
may even be above the mean federal income. This voter’s preferred federal tax
rate is an increasing function of productivity dispersion between the states. So
if this relatively rich individual is from a relatively poor state she will support
a positive federal income tax rate. The objectives of this individual are twofold.
First, a positive federal tax rate redistributes income toward the individual’s state.
And second, the demand for state redistribution decreases as the federal tax rate
increases. This trade-off between the federal tax rate and the state tax rate

thereby provides another reason for high productivity individuals in the poor



state to support a high federal tax rate, ultimately bringing a low state tax rate.
From an efficiency standpoint, a federal social contract allowing a two-tier
income taxation system is, in general, not optimal.® Although the federal tax rate
has a significant impact on the equilibrium income tax schedule in both states, this
externality is partially ignored under a decentralized system of decision-making.
In particular, individuals in one state do not take into account the impact of the
federal tax schedule on redistribution in the other state. Obviously, a policy that
takes this externality into account might achieve a welfare improvement for all
the residents of the federation, with greater redistribution and lower taxation.
This provides a possible role for the federal government: to implement policies
that undo the nonoptimal outcome that arises from decentralization. Gordon
(1983) and Wildasin (1991) argue that one such policy is the implementation
of a system of federal matching grants whereby the federal government shares a
proportion of the cost of states’ redistribution. The current paper finds that such a
system would tend to decrease rather than increase total welfare of the federation’s
residents. The reason being that a federal matching grant system reduces the cost

of state redistribution paid by the state’s population. Consequently, individuals

3A similar conclusion was obtained in the related normative literature (see Gordon, 1983;
Johnson, 1988; Wildasin, 1991; Boadway et al., 1998).



support higher income tax rates to finance greater redistribution at the state
level. This in turn implies a high cost in federal matching grants, which have
to be covered with high federal tax rates. Thereby, the implementation of this
system causes higher levels of taxation and lower levels of redistribution.*

In the last section of the paper I estimate a number of hypotheses derived from
the theoretical model at hand. Most notably, this empirical exercise corroborates
that productivity dispersion between the states has a statistically significant pos-
itive impact on the level of federal income taxes. Furthermore, it is found that an
increase in the federal income tax leads to a decrease in the states income taxes.

These findings are in concert with the implications of the present model.

2. The Model

Consider a federation of two states, A and B (the analysis is easily generalized to
any number of states). There is a unit mass of individuals living in the federation,
a share p4 of them resides in state A. Individuals cannot move between the states.

Fach individual is endowed with a productivity level w and has no non-labor

4This result contrasts with the one obtained in Wildasin (1991). In his paper, a higher-level
government using corrective matching grants achieves a welfare improvement. In the present
model, however, T assume that all tax schedules are chosen by majority rule. This political
mechanism increases the externalities arising from decentralized decision-making, and thus the
inefficiency of a system of overlapping income taxation.



wealth. Thus, individuals are heterogeneous with respect to their productivity
level and their state of residence. The population of each state is divided into
two classes; in each state i = A, B there is a mass n} > 1/2 of low-productivity
individuals (with productivity equal to zero), and a mass n? = 1 — n” of high-
productivity individuals with w; > 0.

Individuals choose the amount of labor they provide on a competitive market.
Income is measured in units of consumption and is produced using a constant
returns to scale technology. Hence, an individual with productivity w > 0 who
supplies y/w units of labor earns pre-tax income y.

The federation has a two-tier taxation system: there is a federal and a state
income tax schedule. Both tiers impose linear taxes that are used to collect rev-
enues. These revenues are redistributed lump-sum to the population of individuals
that are subject to that particular tax. The political system of the federation is
such that the federal tax is imposed first on the individuals’ pre-tax income; later
on every state imposes its own tax schedule on the remaining of the individuals’

pre-tax income.’

5 As an objection to the previous assumption one may argue that the current practice in the
U.S. is that both taxes are paid simultaneously. Assuming that taxes are paid simultaneously
would not change the nature of any of the following results. The adoption of the sequential
timing of the events, which is common in the related literature (cf. Boadway et al., 1998), only
tries to reflect the strategic considerations of the residents of a given state when choosing their
own state tax schedule. When doing so, it is reasonable to suppose that these residents take the



Formally, the federal tax schedule is represented by a tax rate f € [0,1] and a

redistribution level ry € R. such that the federal budget constraint,

ry = f [panfiya + pen'bys] |

is satisfied. Similarly, the tax schedule of state i is given by the tax rate s; € [0, 1],

where the state’s redistribution level r; € R is obtained from

ri = si(1 = fpinlys.
The individuals’ net income is

= (1= s)(1— Ny +rs+ 5 (2.1)

)

Given both tax schedules, an individual with productivity w; chooses pre-tax

income y;(w;,s;, f) to maximize u(c, £) subject to (2.1). Throughout the paper I

federal tax schedule as given to them.

6This particular form of individuals’ net income is a consequence of the sequential timing in
which the taxes are imposed. Had I assumed instead that both taxes are imposed simultaneously,
we would have obtained that ¢; = (1 — s; — f)y; + ¢ + 7:/p; (see Gouveia and Masia, 1998).
As already pointed out, adopting this different specification will not change the nature of any
result of this paper.

10



assume the following quasi-linear preferences over consumption and labor supply:

B+1
u(c, %) —e— -2 (g) , ¢y >0, (2.2)

where « is a positive constant and (1/) is the (constant) elasticity of labor supply.
Under this class of preferences, redistribution at either governmental level does
not affect labor supply decisions and every individual with positive productivity
level chooses to work.

While this is a highly restrictive specification of preferences, it captures the
incentive effects of taxes (consumption-leisure trade-off). Moreover, this specifi-
cation removes a source of considerable complication in the analysis that follows.
In particular, under a general specification, redistribution may induce productive
individuals to refrain from working. If every individual in a state has zero pre-tax
income, then a continuum of equilibrium tax rates for this state exists. This in-
determinacy complicates the analysis when solving for the equilibrium federal tax
rate. Finally, the specification above (which is widely used in studies of income
taxation; cf. Diamond, 1998; Bohn and Stuart, 2001; De Donder and Hindricks,
2001) is considerably more tractable than a general one, allowing us to obtain

clear, intuitive results.
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For these preferences, given the federal and state tax schedules, the optimal

pre-tax income of an individual with productivity w; > 0 is

yi = w; (1_Si)$_f)wi 7 (2.3)

Note that under the assumed preferences pre-tax income is not a function of
redistribution, either at the federal or state level.

The next section solves for the equilibrium state and federal tax schedules.

3. Federal and States’ Tax Schedules

Voting takes place in two stages: first a federal income tax schedule is chosen, and
afterwards each state chooses its own state tax schedule, taking the elected federal
tax schedule as given. Taxes at both the federal and state levels are determined
according to majority rule equilibrium. Whenever the above criterion is satisfied
by several tax schedules each is implemented with equal probability.

This section first solves for the states’ tax schedules and then for the equilib-
rium federal tax schedule because individuals anticipate the effects of the federal

tax on the state tax.
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3.1. Preferences Over States’ Tax Schedules

Given the individuals’ pre-tax income the federal level of redistribution is

”:f<Lﬁ)%§Imﬁwurwmm# (3.1)

Q
i=A,B

and state ¢’s level of redistribution is given by

(1= s)(1 = fui]

«

Ty = Si(l - f)pln?wl [ (3-2)

Since individuals with low productivity constitute a majority of the population
in each state, they choose which tax schedule will be implemented in their state.
To find her preferred state tax schedule, a low-productivity individual from state 7
maximizes her indirect utility function over the set of feasible state’s tax schedules.
This individual’s indirect utility function is obtained by substituting equations

(3.1) and (3.2) back into (2.2):

Vi = si(1—f)njw, (I_Si)(cyl_f)wir-i_f(l_f)E Z pini v Kl_si)wi]%'

0"
i=A,B

The solution to the associated maximization problem follows. All proofs are

in Appendix A.
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Lemma 1. State i’s equilibrium tax rate s; is characterized by

B fpz' . B
— f
I R S TR Bk s
0 otherwise.

This lemma illustrates the relation between federal and states’ tax rates: states
tax rates are decreasing in the federal rate (see Figure (3.1)). An existing trade-off
between state redistribution and federal redistribution is the main reason behind
this result. Notice that the state’s federal tax bill falls when taxable incomes in
the state are reduced by increased state’s tax rates. Consequently, federal redis-
tribution is decreasing in s;. On the other hand, the state level of redistribution
increases in s; for any s; < /(8 + 1). Therefore, only when f (and consequently
rs) is equal to zero low-productivity individuals choose to maximize state redistri-
bution. To choose such a high state tax rate when the federal tax rate is positive
would be too costly in terms of federal redistribution. So as f increases the equi-
librium state tax rate decreases, and the federation shifts redistribution from the
state level to the federal level. When f = /(8 + pi), a positive state tax rate

hurts federal redistribution more than what it contributes to state redistribution.
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Figure 3.1: States’ Tax Reaction Function (for p4 > pp)

A

Sa,SB

=

Thus, when the federal tax rates is above 3/(5 + p;), low-productivity individuals
choose a zero state tax rate.

In addition, the state’s income tax rate decreases with the state’s share of the
overall population p;. As p; increases (for a fixed f) more of the total income in
state ¢ is transferred from the state to the federal level and will be used for redis-
tribution between the states. Therefore, less income is available for redistribution
within the state. A reduction in the state income tax rate is required to partially
offset this disincentive.

Finally, note that s; is a concave function of f. This is because of the se-

quential structure of the taxation process. From equation (2.3) follows that the
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individuals’ optimal pre-tax income is not a linear function of the sum of the
tax rates. Due to this multiplicative structure, low-productivity individuals have
to compensate high-productivity individuals with more significant decreases in s;
(for a given increase in f) as the level of f increases.” Had low-productivity indi-
viduals not compensated high-productivity individuals this way, the state’s total
income would decrease considerably with f, and consequently the state’s level of
redistribution would decrease as well.

The following subsection solves for the equilibrium federal tax rate.

3.2. Preferences Over the Federal Tax Schedule

In the first stage a federal tax schedule is chosen by majority rule. The individuals’
preferences over the federal tax rate are obtained by maximizing their indirect
utility function over the set of feasible federal tax schedules, subject to the states’

reaction functions found in Lemma 1. The resulting preferences over f are a

"Mathematically, totally differentiating y and setting dy = dw = 0 we obtain
0=(1-s)ds+ (1— f)df,

which implies that ds/df < 0. From a second differentiation of the last expression we obtain
that also % < 0.
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function of the total productivity dispersion between the states. Let us define

z= % (@) ’ (3.3)

as the measure of dispersion in total productivity between the states. When x
is close to one, productivity dispersion between the states is relatively low. The
farther away x is from one, the more unequal the states’ total productivity levels.

The dispersion index x combines the original inequality in productivity be-
tween the states together with the elasticity of labor supply. For high values of
[ the relative importance of the individuals’ pre-tax income is low, and disper-
sion between the states is mainly determined by the ratio of the share of high-
productivity individuals. As the elasticity of labor supply increases, the difference
between the individuals’ productivity plays a more significant role in the resulting
dispersion between the states. Whenever both states impose the same tax rate x
is equal to the ratio of the states’ total income.?

The proposition below presents the preferred federal tax rate for low-productivity

individuals from state A when the population is evenly distributed between the

8When the analysis is extended to m states, state j’s relevant measure of productivity dis-
B+1 B3+1 B+1

B+ +
o e e — moh, B hg B N\l P
persion is z; = <Zi:1 nrw, njw, > [(m —1)njw;” .
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two states. I adopt this simplifying assumption from now on because it allows
me to obtain closed-form solutions that highlight the basic forces at work in the

model.

Proposition 1. The preferred federal income tax rate for low-productivity

individuals from state A, f{, is

0 if x <1,
= —x+6(x—1) 1f1<x§—ﬂ :
20 L 0+1
| 2511 if 3 <z

Figure (3.2) depicts these preferences. To understand the intuition behind
Proposition 1 we need to analyze the impact of the federal income tax rate on
the utility of low-productivity individuals. On the one hand, a positive federal
tax rate implies a positive level of federal redistribution. On the other, more
federal redistribution implies less state redistribution. Therefore, low-productivity
individuals evaluate which tax rate they should increase to maximize their own
utility, knowing that in equilibrium the other tax rate will decrease.

Suppose, for example, that the total productivity dispersion between the states

18



Figure 3.2: Preferred Federal Tax Rate for Low-Productivity Individuals from
State A.

[
=

=<V

is less than one. If the federal tax rate is positive, low-productivity individuals re-
siding in A will receive federal redistribution. A positive federal tax rate, however,
has two negative effects on these individuals’ utility. First, it implicitly transfers
income from state A to state B; and second, it lowers their state’s redistribution
level. If instead the federal tax rate equals zero, low-productivity individuals in
A appropriate to themselves part of the transfer between the states through their
state income tax schedule. Low-productivity individuals in state A prefer this
last alternative as it maximizes their total income. If it is the case that x > 1

low-productivity individuals in A are now the recipients of redistribution between
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the states. Thus, they prefer a positive federal tax rate.

The level of their preferred federal tax rate is determined by the productivity
dispersion between the states. As z increases, the gains from redistribution be-
tween the states for low-productivity individuals residing in A increase as well.”
Therefore, they prefer a higher federal tax rate. This explains why f;* is increasing
in z. The cost that this group pays for these gains is a lower redistribution at the
state level. Eventually s4 reaches zero and there is no more room to trade-off an
increase in the federal rate for a decrease in their state’s rate of income taxation,
even for greater levels of productivity dispersion between the states. A further in-
crease of the federal tax rate above this level (without an accompanying decrease
in s4) has a large disincentive effect, lowering federal redistribution. This defines
the second threshold value of x, above which both the federal and state income
tax rates are constant, namely f* =23/(23+ 1) and s4 = 0.

Due to the symmetry of the analysis, the preferences of low-productivity in-
dividuals in state B are the exact opposite to the ones presented in Proposition
1. Their preferred federal income tax rate, f{, is decreasing in x and the relevant

threshold values of productivity dispersion are the inverse of the ones found for

9Whenever the implications of changes in z are analyzed, total productivity at the federal
level (njlw4 + nPwg) is assumed constant.
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f#. In particular, f? reaches a maximum of 23/(23 + 1) when 2 < 3/(8 + 1),
and a value of zero when productivity dispersion is greater than or equal to one.
In the intermediate range ff =28(1 —z)/[1 + 3(1 — z)].

From the previous argument follows that preferences over f are not monotonic
in the individuals’ productivity level; i.e., individuals with the same productivity
level residing in different states have opposing preferences over the federal tax
rate.'’ Consequently, low-productivity individuals (which constitute a majority
of the population) never form a coalition to extract as much income as possible
from high-productivity individuals. In other words, the individual with the me-
dian productivity level is not the decisive voter in this framework. Therefore it
is necessary to study high-productivity individuals’ preferences over f to find out
whether some consensus may emerge between the different groups in the federa-
tion. Only under such a consensus a federal tax rate able to reach the required
support of at least half of the population against any other feasible tax rate will
exist. The preferences of high-productivity individuals from state A appear next.

Proposition 2. The preferred federal income tax rate for high-productivity

ONote that, as the individuals’ indirect utility function is strictly quasinconcave in f, their
preferences over the federal tax rate are single-peaked.
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individuals from state A, fi*,is

0
A 28(x —z)
fh =
z+ Bz — z)
25
( 260 +1
wherez_l—i-(ﬁﬂ)n,z and T = 3 +5n,}‘

It is readily seen from comparing the previous proposition to Proposition 1

that f/* and f;* are very similar. Indeed, both functions are increasing in z,

meaning that also high-productivity individuals prefer a positive federal tax rate

for high levels of productivity dispersion. In fact, the same intuition applies here

as in Proposition 1, with one caveat. High-productivity individuals also derive a

benefit and suffer a cost from the federal tax schedule. Unlike low-productivity

individuals, the federal tax bill of high-productivity individuals is positive when

the tax rate is positive, this is the cost. The benefits are both experienced at the

state level (from a decrease of their state’s tax rate) and at the federal level (from

federal redistribution). For a high enough dispersion level the benefits exceed the

costs, and thus the preference for positive federal tax rates.

The main difference between f* and f;! is their threshold values. While f/
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is positive for any x above one, fi! remains equal to zero until x reaches a higher
value. To understand this remember from Lemma 1 that s is a concave function
of f; that is, when f is low an increase in f causes a relatively small decrease in s.
Therefore, for low levels of x the gains that high productivity individuals in state
A obtain from a positive federal tax rate are small compared to the losses they
suffer in terms of higher overall taxation. As productivity dispersion between the
states increases the gains that these individuals accrue from federal redistribution
increase as well. Eventually, benefits outweigh costs, defining the threshold value
x above one.

Combining Propositions 1 and 2 follows that f¥ > fF > fA > f for x < 1
and fB < fP < fA < f for x > 1.1! Thus, the federal tax rate proposed by a
high productivity individual always obtains a majority over a tax rate proposed

by a low productivity individual. That is,

Corollary 1. The decisive voter over the federal income tax schedule is a high

productivity individual. Consequently, the equilibrium federal income tax rate is

given by fi(x).

HFor # < 1 we obtained in Propositions 1 and 2 that flA = f;L4 = 0. When z > 1 it is simple

to show that
(1) _ 2 )
x+px—-1)" x4+ pB(x—2x)

— x>0,

which is always the case.
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According to this corollary the decisive voter’s productivity level is above the
median productivity.'? This result stands in sharp contrast to the one obtained
in similar models with only one tier of income taxation (Romer, 1975; Roberts,
1977, Meltzer and Richard, 1981). In those models, monotonicity between the
individuals’ productivity level and the rate of their preferred tax schedule is ob-
tained. Thus, under universal suffrage, the decisive voter is the individual with
the median productivity level. This is not the case in a federal system of income
taxation. Rather, in a federal system the decisive voter is a relatively produc-
tive individual who, for a wide range of parameter values, chooses to implement
a positive federal income tax rate. More strikingly, an interesting situation may
arise where the decisive voter’s productivity is above the federation’s mean pro-
ductivity, yet this voter selects a positive federal income tax rate. The following

proposition formalizes this observation for individuals in state A.

Proposition 3. If z < x < (2—n")/n” then the decisive voter’s productivity
1s above the federation’s mean productivity level, yet the equilibrium federal tax

rate s positive.

12Persson and Tabellini (1996) obtain similar results in a different framework. In a model
where the federal policy achieves two main goals (risk sharing and redistribution) they find that
transfers between the states exacerbates interstate conflict, in the sense that residents of the
rich state tend to prefer lower federal tax rates than residents of the poor state.
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According to Proposition 3, for a certain range of x, as income inequality
within a state increases, redistribution in that state decreases. As an illustration,
consider the predictions of the model when w, decreases while wpg increases.
Those changes increase the productivity dispersion between the states. Hence, if
the implemented federal income tax schedule is f7* the resulting federal tax rate
will increase as well. Consequently, both states’ income tax rates will decrease,
even though income inequality in state A increases while in state B decreases;
that is, either a positive or negative relation between the productivity of the
decisive voter and the state’s level of redistribution may arise in a federal system
of income taxation.'® This is perhaps the reason why several studies using data
from the states concluded that there is no empirical support to the claim that a
positive relation between income inequality and government redistribution exists
- the main hypothesis of Meltzer and Richard (1981).1

The next section develops an efficiency analysis of a federal social contract

with a two-tier income taxation system.

13While r4 will certainly decrease, whether 7 decreases or increases depends on the relative
change in wpg.
14See for example Gouveia and Masia (1998), and Rodriguez (1999).
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4. Efficiency Analysis

This section shows that the current federal social contract consisting of a two-
tier income taxation system leads to an equilibrium on the downward sloping
side of the federation’s Laffer curve. As already mentioned in the introduction,
when choosing the federal income tax rate an individual in state ¢ ignores the
impact of f on the redistribution level of the other state. Yet, the federal tax
rate has a significant impact on the income tax schedule implemented in the other
state. Therefore, the federal tax rate creates an externality that is ignored under a
decentralized system of decision-making. A policy that takes this externality into
account might achieve a welfare improvement for all the citizens of the federation,
with greater redistribution and lower taxation.

This nonoptimal redistributive policy is reminiscent of Gordon (1983), John-
son (1988), Wildasin (1991) and Boadway et al. (1998). These papers develop
a normative analysis of taxation in a federation of states. In their analysis, a
benevolent social planner (maximizing a Benthamite welfare function over the
utilities of current residents of a state) fails to take into account either vertical or
horizontal externalities. (A vertical externality relates to the effects of the states’

policies on federal revenues. A horizontal externality is caused by the mobility of
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individuals between states and the impact of the states’ taxes on nonresidents of
a particular state.) As a consequence of these two externalities inefficiency arises.

Several differences between the current paper’s approach and the one adopted
in the previous literature are worth mentioning. First, the previous papers ab-
stract from political economy considerations, the main focus of the present paper.
Second, in this paper the horizontal externality is assumed away since individuals
are immobile. Finally, given that individuals (and not a social planner) choose the
federal tax rate through majority vote, the vertical inefficiency has an opposed
effect to the one obtained in previous papers. Both in Johnson (1988) and in
Boadway et al. (1998) states ignoring the effects of their taxes on federal revenues
tend to implement a higher than optimal income tax rate. In contrast, in the cur-
rent paper states’ tax rates are low while the federal tax rate tends to be higher
than optimal.

To formalize matters, let us consider how the federation’s total redistribution
level reacts to changes in the productivity dispersion between the states. The

federation’s total redistribution is given by

R(x)=rp+ra+rp=

S e
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where
B41 B41
P =nlw,” +nlwy
is the overall productivity level of the federation, which is constant. If the equi-

librium federal tax rate is f/', then R is constant for + < z and x > 7. For

intermediate values of x, however, total redistribution is strictly decreasing in x.
Lemma 2. R(x) is strictly decreasing in x for x < r < T.

In this same range of productivity dispersion, total income taxation on the
individuals’ income increases with x. That is, for any x < x the federation as a
whole ends up at the decreasing part of its Laffer curve. This is a nonoptimal

outcome as a reduction in income taxes would increase total redistribution.

Proposition 4. If © > x the equilibrium tax rates of the federation are on the

downward sloping side of its Laffer curve.

The intuition is straightforward. When the federal income tax rate is positive
the loss in redistribution in the more productive state (which is not taken into
account by the decisive voter) more than offsets the gain in redistribution in the
less productive state. Proposition 4 does not state, however, that a decrease in the
rate of a given tax will result in a Pareto improvement. Rather, the proposition
establishes that in equilibrium the combination of taxes selected by the individuals
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delivers an outcome inside the federation’s Pareto frontier.

An important reason behind this inefficiency is that the federal tax schedule is
the only available policy instrument that redistributes income between the states.
(Clearly, a social planner implementing lump-sum transfers between the states and
eliminating one layer of taxation would achieve a Pareto improvement. But even
abstracting from lump-sum transfers, a Pareto improvement can be achieved for
sufficiently high levels of productivity dispersion by eliminating states’ income tax

schedules.

Proposition 5. There exists a critical productivity dispersion level x* < T
such that for every x > x* eliminating states’ income tax schedules results in a

greater utility level for all the individuals in the federation.

The individuals’ impossibility to credible commit to a non-equilibrium strategy
drives the federation to this inefficient outcome. Suppose low-productivity indi-
viduals promise to choose a state income tax rate of zero for any federal income
tax rate. In this situation the resulting federal tax rate equals 3/(5 + 1), the one
preferred by low-productivity individuals in both states. Notwithstanding their
promise, in the second stage of the political process low-productivity individuals
in both states will select a positive state income tax rate as it allows them to
enforce more redistribution. High-productivity individuals anticipate such a de-
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viation in the first period and behave accordingly. Hence, the resulting inefficient
equilibrium is inescapable without a commitment mechanism.

But even if a device that outlaws income tax schedules exists only in state
A, an efficient outcome will not be reached.!® If a device that outlaws income
tax schedules exists only in state A, low-productivity individuals in state B are
enjoying the best of both worlds. First, they receive more federal redistribution
given that high-productivity individuals in state A have higher incomes due to
incentive effects. And second, they also receive redistribution at the state level
which there is no reason to give up by setting the state’s tax rate at zero. Thus, for
low-productivity individuals the implementation of a state income tax schedule is
a dominant strategy, that leads the federation to an inefficient equilibrium.

Another policy instrument that may achieve an efficiency improvement is the
implementation of a system of federal matching grants. The next subsection

analyzes this policy instrument.

15Tn some states, like Tennessee, the constitution does not allow the implementation of an
income tax schedule. In others states a supermajority is required for tax rates increments (this
is the case in more than 15 states).
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4.1. Federal Matching Grants

In models of fiscal competition the federal government might design corrective
schemes that undo the nonoptimal outcomes that arise from decentralized state
decision-making. Wildasin (1991), for example, shows that a system of matching
grants from a federal government to state governments can neutralize the horizon-
tal externalities created by states’ policies, leading the federation to an efficient
outcome.'® It is then natural to explore the implications of such a policy using
the current framework whereby all the taxes are determined according to majority
rule equilibrium, rather than by social planners.

Under a federal matching grants program state i’s budget constraint is given
by

ori = si(1 — f)pinlys, (4.2)

where § € (0,1) measures the state’s share of the cost of a dollar’s worth of redis-
tribution. The balanced budget constraint condition at the federal level implies

that

ry+(1=0)(ra+71g) = f [panliya + penlpys] - (4.3)

Given that under a matching grants program states are responsible for only a

16 A similar suggestion without a formal analysis appears in Gordon (1983).
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share of their redistribution expenses, individuals choose more state redistribution.
A higher federal tax rate is required to pay for part of this greater redistribution
level. As a result we obtain higher income tax rates and lower total redistribu-
tion. Thus, a system of federal matching grants in general enhance the resulting

inefficiencies.!”

Proposition 6. Under a federal matching grants program, if

2(0 +nh)
i [(L+0)(B+1) =2

r<zxz or x>1+

then the overall implemented income tax rates are greater and the federations’ total

redistribution level is smaller than without the matching grants program.

That is, a federal matching grants program under a democratic system might
have the opposite effect than the one obtained when the federal government is
represented by a benevolent social planner. This provides a critical assessment to
the use of federal matching grants as a corrective device that undo externalities

arising from decentralized decision making.

1"The result in the following proposition cannot be derived for any productivity dispersion
level without imposing some (sufficient) conditions on the parameters. For example, notice that
the range where the result is not guaranteed is empty for 8 > (1+2n" +§)/(1 —2n" —§), with
1—2nk —5>0.

Another possibility would be to impose restrictions only on §. In fact, there exists one critical
value §* such that the stated inefficiency is obtained for all § < §*, for any =.
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The next section provides an empirical analysis of the main implications of the

model.

5. Empirical Analysis

The main goal of this empirical exercise is to estimate the predictions of the
model at hand. The equations I wish to estimate, linearizations of the model-
based reduced forms relating states income tax rates, federal income tax rate,

productivity dispersion between the states and states’ populations are

lnft =60y + 64 lnfﬂt-f-eglnpt'i‘&, (51)

and

Sit =Y+ viInpe1i + 721+ di + €y, (5.2)

where 7 indexes countries and ¢ indexes time, d; is a set of state fixed effects, the
's and s are parameters to be estimated, and €;+ and e, are random error terms.

There are two empirical predictions that follow from the theoretical analysis.
The first refers to the equilibrium level of the federal tax rate. In particular, we
expect A, to be positive. The second is related to the existent interdependency

between federal and state tax rates. This prediction focuses on the slope of the
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reaction function and not on equilibrium tax levels. Accordingly, we expect 7,
to be negative.'® Combining the two results we can draw conclusions about the
impact of productivity dispersion on states income taxes.

Several econometric issues arise in the estimation of equations (5.1) and (5.2).
First, states within the U.S. are likely to vary considerably in their preferences

9 Thus, the unobserved d;, reflecting persistent differences

over income taxes.!
across states in taxation preferences, is likely to be correlated with the regressors.
To remedy this, state fixed effects are included in (5.2).2° Second, since state
income tax rates are zero for some states for some years, least squares estimates
of equation (5.2) are biased. For this reason the equation is not log-linearized and
Tobit estimation is performed. Third, the states’ population might be influenced
by the states’ implemented tax rates. To solve this simultaneity problem the

population of each state is lagged one year in the estimation. Finally, the Newey

and West’s robust, consistent estimator for autocorrelated disturbances with an

18 The use of the lagged value of the federal tax rate is due to the assumption that the federal
government acts as a Stackelberg leader.

Y Tennessee, for example, one of only nine states that do not tax personal income, is known
to be a state with a long history of aversion to income taxes. This aversion dates back to 1931,
when Tennessee Supreme Court ruled that income taxes were unconstitutional. The aversion to
income taxes is still maintained in the year 2002 when, in dealing with a growing budget deficit,
the legislature decided to increase sales taxes rather than to enact an income tax.

20Note that the federal tax rate captures the effects of national changes in policy that may
jointly affect trends in the variables. Therefore, its inclusion in the estimated equation precludes
me from adding time dummies.
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unspecified structure is used to estimate equation (5.1). This estimator solves the

problem of serial correlation of disturbances across periods.

5.1. Data

The main focus of the empirical exercise is on the variables determining states and
federal income tax rates as well as their interaction. This paper uses annual data
on the states for the years 1977 to 2000 inclusive. I begin by discussing the sources
and constructions of the different variables used in the empirical estimation. All
the variables, with their definitions, means, and standard deviations, are reported
in Appendix B.

States and federal income taxes are taken from the TAXSIM model. In par-
ticular, I use the average effective marginal state income tax rate on wages over
the years 1977 to 2000.2! To find these rates, TAXSIM uses the same nationally
representative sample from 1995, properly deflated, for each state and year. This
approach allows for comparisons of law without confusing changes in income and
deductions with changes in law.??

The data show that income taxes vary considerably across states. For every

21Sauter (1985) points to several advantages of using this particular definition instead of the
ratio of income tax revenue to personal income which is used in related empirical studies.

22For further details about the TAXSIM model and the data used in this paper see Feenberg
and Coutts (1993).
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year in the studied sample there are at least 8 states with zero income tax rates.?3
On the contrary, several states exhibit over the years income taxes above 5%.
Hawaii and Oregon have the highest average rate (8.35% and 8.25% respectively).

The average effective marginal federal income tax is obtained from the same
source. This tax presents some variation over the years as well. It ranges from
22.92% in 1991 and 1992 to 32.53% in 1981.

I use data on average hourly earnings of production workers on manufacturing
payrolls and the civil labor force of each state to build a proxy for the productivity
dispersion between the states. In order to obtain a number for the measure of
productivity dispersion, a fix value is assigned to the individuals’ constant elas-
ticity of labor supply. Since Stern’s (1976) contribution, it is well known in the
literature of income taxation that the results are influenced by the particular value
assigned to this parameter. For that reason I carried on several estimations vary-
ing the value of the elasticity of labor supply. The next section reports the results
for 5 equal to 1/2, 1 and 2. Once the value of productivity dispersion for each
state is obtained, in accordance with the theoretical model, the estimation uses

the median state’s value of productivity dispersion.

23The states of Florida, Nevada, New Hampshire, South Dakota, Tennessee, Texas, Washing-
ton and Wyoming exhibit a zero income tax rate for every year in the studied sample. Alaska

imposes a zero income tax rate starting from 1979 and Connecticut has a zero income tax rate
until 1990.
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5.2. Results

Table 1 reports the basic findings. From the estimation of equation (5.1) the gen-
eral pattern that emerges is that an increase in productivity dispersion between
the states leads to an increase in the federal income tax rate. The estimation
indicates that a 1% point rise in productivity dispersion leads to a statistically
significant increase of around 2.5% point in the federal income tax rate. More-
over, from a comparison of columns (1), (2) and (3) follows that the impact of
productivity dispersion on the federal income tax decreases as the elasticity of the
individuals’ labor supply increases.

The estimation of equation (5.2) also confirms the hypothesis advanced. The
results show that there is a highly statistically significant negative interdependence
between states income tax rates and the federal income tax rate; the coefficient
of -0.071 implies an elasticity of -0.422 computed at the means.

This result contributes to the ongoing debate in the related empirical literature
of strategic interaction among governments. Inspired by the theoretical analysis
of Boadway and Keen (1996), several studies attempt to estimate tax reactions
functions. Besley and Rosen (1998) along with Esteller-Moré¢ and Solé-Ollé (2001)
study interaction in the U.S., focusing on commodity taxes and income taxes re-
spectively; Goodspeed (2000, 2002) conducts similar analyses focusing on income
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taxes in Europe and Hayashi and Boadway (2001) focus on Canadian corporate

mcome taxes.

Table 1: Parameter Estimates

Variable In f s

1/8=05 1/8=1 1/8=2
1) 2) 3) (4)

Constant 23.521 21.672  16.212 5.742
(3.863) (3.251) (2.102) (0.373)
Inx 2.962 2.542 2.260
(0.553) (0.381) (0.373)
In p; —1.626 —1.476 —1.039
(0.312) (0.262) (0.169)
fi —0.071
(0.007)
lnpt_u —0.042
(0.025)
a 0.734
(0.017)
Log Likelihood Function —1057.21
N 24 24 24 1150

Number in parenthesis are robust Standard Errors. Variables are defined in Appendix

B. Equation (4) is estimated with state effects.

While Besley and Rosen (1998) as well as Esteller-Moré and Solé-Ollé (2001)
find upward-sloping state reactions functions, the estimations of Goodspeed (2000,

2002) and Hayashi and Boadway (2001) point to a downward-sloping reaction
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function for lower-level governments.?*

Combining the two estimations we conclude that productivity dispersion be-
tween the states significantly decreases states tax income rates. From the results
above follow that the elasticity of states income tax rates with respect to pro-
ductivity dispersion evaluated at the means oscillates between -1.25, -1.073 and
-0.954 for 1/ equal to 1/2, 1 and 2 respectively.

Finally, the results point to a negative relation between the population’s size
and the income tax rates. While highly significant at the federal level, this relation

is only statistically significant at the 10% level at the state level.

6. Conclusion

This paper developed a positive theory of overlapping taxation in a federation
of states. The main result shows that the existence of productivity dispersion
between the states plays a crucial role in the analysis. Individuals residing in
different states have opposing preferences over the federal tax rate. As a conse-
quence, the decisive voter at the federal level has a productivity level above the

median. Yet, this high-productivity individual’s preferred federal tax rate is an

24 Among the studies using data on personal income tax, the different results may be in part
attributable to the fact that Esteller-Moré and Solé-Ollé (2001) is the only one that includes
horizontal effects.
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increasing function of the productivity dispersion between the states; so if this
relatively productive individual is from a poor state, she will support a positive
rate of federal income tax. A high rate of federal income tax causes, because
of incentive considerations, a low rate of taxation at the state level, ultimately
bringing low state income taxes.

Another result worth mentioning is that a federal social contract allowing a
two-tier income taxation system is, in general, not optimal. The reason for this
is that under a decentralized system of decision-making the federal tax schedule
creates externalities that are partially ignored. Moreover, it is also found that
a system of federal matching grants brings higher tax rates. Higher tax rates
further decrease total redistribution, and thus the total welfare of the federation’s
residents. This contrasts with previous results obtained in the related normative
literature where a system of federal matching grants is welfare improving.

Although it delivers new and interesting results, the model is highly stylized.
Several caveats are worth nothing.

First, the model abstracts from mobility of individuals between the states.
Including this feature to the model adds another layer to the individual’s problem.
Relatively higher tax rates in one state may lead to the emigration of productive

individuals to the other state. Yet, the concentration of rich individuals in one
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state may lead to the immigration of poor individuals. Given that poor individuals
comprise a majority of the population, their immigration will result in higher tax
rates. An equilibrium in such a framework is a fixed-point in which no individual
wishes to move or alter its labor supply, and no state wishes to change its tax
rate given the tax rate chosen by the other state. To guarantee the existence of
such an equilibrium is a challenging task. Using this framework it is very difficult
to come up with a set of simple sufficient conditions for existence. A change in
policy implies migratory movements that imply a change in the composition of the
population and, subsequently, another change in policy. This cycle may continue
endlessly.

In any event, I presume that the inclusion of mobility considerations may help
us understand the coexistence of high federal income tax rates with low state
income tax rates. Simply put, the federal government has a monopoly on the
power and ability (however imperfect) to coerce citizens into paying taxes. In the
stylized democracy model of this paper, the federal government is nothing more
than the aggregation of the preferences of a majority of individuals. Given that
at the federal level the poor population will always constitute a majority, federal
tax rates will tend to be high. While federal income taxes are inescapable to

the rich population, such is not the case with states income tax schedules. Tax
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competition among the states will emerge and drive states income tax rates to
low levels.

Another important extension is to introduce a general distribution of pro-
ductivity levels for each state. I believe that the obtained monotonicity of the
preferences of the individuals of a given state over the federal tax rate would be
preserved. Yet, it is not simple to prove it since the characterization of the states
income tax rate as a function of the federal tax rate is cumbersome. Moreover,
this characterization is carried over when solving for the individuals’ preferences
over the federal tax rate.

Similar difficulties arise when trying to generalize the individuals’ preferences
to any utility function exhibiting “nice behavior.” For general utility functions
the individuals’ labor supply is a function of the state and federal redistribution
level. Boadway and Keen (1996) show, in a different framework, that the slope
of states’ reactions functions to the federal tax is ambiguous. Whether this is the
case as well in a positive analysis without transfers between governments is still
an open question.

Finally, the analysis is restricted to linear taxes for technical reasons. In reality,
however, taxes at both the state and federal level exhibit increasing marginal

rates. Unfortunately, allowing for a richer set of tax schedules might lead to
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voting cycles. Hopefully, future research will help us understand the dynamics
of overlapping income taxation in a federal system imposing fewer restrictions on

the set of feasible taxes.
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A. Appendix A: Proofs

Proof of Lemma 1. Low-productivity individuals’ decision problem takes the form:

max s;(1— f)nfw; a _Si)(al _f)wz}_-l-f (1—f Z piniw; {ﬂ}g

i€[0,1 (0]
si€0.1] i=A,B

Strict concavity in s; is easily verified on the relevant domain, and the first-order

conditions directly yield the stated results. W

Proofs of Propositions 1 and 2. The proof below solves the maximization prob-
lem for an individual living in state A. A similar procedure yields the results for
a resident of state B.

The individuals’ maximization problem takes the form:

maxy, sejo,1] s4(1—f)njwa [%F LA )7 Y [%}6

Wl

g (1) 10— sa)(L = flwal

if f<

B __F
B+1 0 20=-H)(B+1)° 26+1’

) fe [071]7

subject to s; =
0, otherwise.

where 7 = 0 for the preferences of low-productivity individuals (Proposition 1)
and 7 = 1 for the preferences of high-productivity individuals (Proposition 2).

To simplify the exposition I denote the total weighed productivity in each state
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B+1
B8

X 841
a=njw, g

and b = nlhw,

The Lagrangian for the maximization problem above is:

=

L(f. 54,58, A1 A5, 04,05, 0737) = 5a(1 = fla [L=al0=D] 7

1
B

J0= PP S pin |yt (2) T 10 - s (1= )

+2ian {eisi — [% ~ XTHE ~ 82} } o)

«

1
1 £y = —satita [meaimt]} y (rm) st [ 3

B+1

1
a(l—s 1—s4)(1—f B s _
—y nZAJ [( aX )} + Y an s 0 =0

2. Lo, = S0 (31— 54) — 5] [%j—m} 5 _
of [(1—f><1—SA>}% a0 [(1—s,4><1—f>}%
28(1—s4) o v nh o
+A4+604=0
3. ESB = _2/3(1bi83) |:(1_f)((11_83)i| ? + )\B + QB = 0

N R
4 Ly = 5 2 50 — aa=pEe)

5. Ly, = s; >0, 6; > 0, with complementary slackness.

=2}

. Lo ;= f2>0,0; >0, with complementary slackness.
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With two inequality constraints and three non-negative variables, there are
32 possible patterns of equations and inequalities. Let us see which ones offer
candidates for a maximum.

The first candidate is given by 6, > 0, ; = 0, and A\; > 0. These constraints
imply that f = 0 and s; = /(8 + 1). Substituting these values into the FOCs

yields that 0; > 0 if and only if 2 < 14 The inequalities A\; > 0 are

_ 7
nh (B+1)°
satisfied for any value of x.

The second candidate is given by A\; > 0, and 0; = 6 = 0. This case correspond
to the interior solution where all the tax rates are positive. From the first three

FOCs we obtain the following two equations:

C [A=s)=N ] af al—f) (A-fa o
o= (B o g iy e - s
> 0, (A1)
_ [a=sp-HF b
Ap = { o } 2ﬂ(1—83) >0 (A2)

and replacing A\; and s; in £y according to (A.1), (A.2), and Lemma 1 yields

Cdl+x N f B v2-f)
2501 P H =] P 2&1—n} 206+ V(- )k
701+ )

“NE+Y  JA-NE+D A1)
=7 B2 - o
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Tedious manipulations of the equation above deliver

B 26(x — 1) B
= e i =

26(x — x)

z+ Bz —z)’

the results stated in Proposition 1 and Proposition 2.

Finally, the solution for high levels of productivity dispersion is reached when
6 =0\ >0andf; >0,i=A,B.Inthis case s4 = sp =0 and f = 25/(26+1).
Substituting the values of the tax rates into the FOCs we obtain that A\; > 0 for
any parameters values but #; > 0 if and only if z > 3% + 5—;@%

Second order sufficient conditions are satisfied for all the different solutions. I

choose to omit these conditions here because they are lengthy and do not provide

additional insights. The details can be obtained from the author upon request.

[ |
., - 2-nh . .
Proof of Proposition 3. The condition x < n:"‘ implies that
A
. e 18 148
njyw,” +npwy’ < 2w,

which directly yields y4 > 3(n4ya + nlsyg). Finally, by Proposition 2 we know

A . o, . 1
that f7* is positive for 1 + Gromy < T |
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Proof of Lemma 2. If x < T by Proposition 2 we know that f < 25/(25 + 1),

which implies (by Lemma 1) that

g B f
B+1 21— f)(B+1)

(A.3)

Substituting (A.3) into (4.1) yields

=

R(z) = (2= [)7(f +25)

where

(aﬂtrbl) {Za(ﬂlJr 1)} B

Y=g

is a constant. Differentiating R with respect to x we obtain

o _
or

=

(2 - f)

{FM} of
BE-] oz

which is always negative for 5> 0. B

Proof of Proposition 4. From Lemma 2 we know that total redistribution is
strictly decreasing in this range. It remains to show that total taxation on the

individuals’ income is increasing in z.
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From Lemma 1 and Proposition 2 follows that

8 f
S A R s Ty B

Differentiating the previous expression with respect to x we obtain that

d(s+ f)

1
>0if and only if f <1 — ———
dx

48+ 1)

The above inequality is always satisfied since the maximum possible value of f in

2

o u

equilibrium is strictly less than 1 —

1
4(6+1)*"

Proof of Proposition 5. When states taxes are outlawed, low-productivity in-
dividuals in both states have the same preferences over the federal tax schedule.
Hence, they would form a majority at the federal level. Their preferred federal

tax rate in this case is
f= argmfaxrf st. s;,=0; 1= A, B.

When = > 7 the equilibrium income tax schedules are s; = 0 and f;f =

2(/(20 + 1). Thus, in this range state redistribution is zero. Since j/‘“\is uniquely
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defined and f< fi* we obtain that

() > 7 (£

That is, for x > Z, according to the outcome under f taxes are lower and
redistribution is greater than according to the equilibrium tax rate f;. Thus, for

x > 7, the utility of all the individuals in the federation is greater under f than

under f;*. In fact, this is the case for every x > x*, where z* is defined by

relf(@7),s(@)] +ralf(a), s(@”)] = [, 0]

Proof of Proposition 6. Under a federal matching grants program, the indirect

utility level of low-productivity individuals in state A is

(1-s4)(1 —f>wAF {1 - (1 —5)pﬂ )

vt o= SA(l—f)n’}wa[ - 5

Q
i=A,B

25 Note that the level of redistribution at either the state or federal level is continuous in .
Furthermore, total redistribution is strictly decreasing in x in the relevant range. Hence, such
an z* exists and is uniquely defined.
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obtained by substituting equations (2.3), (4.2), and (4.3) back into (2.2). The
implemented state’s tax schedule in this state is obtained by maximizing (A.4)
over the set of feasible state taxes. The solution to that maximization problem

yields?®

B _ 3fpa if f < B1-(1-6)pal
e B+1 (A-HB+FDA-(1-6)pal’ Bl1—(1-9)pal+dpa’
54(0) =

0, otherwise.

Substituting p; = 1/2 and solving for the preferred federal tax rate as in Propo-

sitions 1 and 2, we obtain

0 if x <1,
A5 — B(z—1)(1+6)* : 1+8)(B+1
() 2:1363-5@)—(1)(1)—1-6) if1 <z < 5§1+5§(_(1_)5)7
_B(a+49) if QOB+
| Bl+o)+3 Wiy —a=s <%

26The indirect utility function WA is strictly concave in s4 on the relevant domain. Hence,
this is the unique solution, obtained directly from the first order conditions.
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for low-productivity individuals, and

0

BQ+6)[(B+1)ny (2—1) (1+8)—20]
a6+ 3z —1) (1+0)|(B+ 1)nly —235

B(1+96)
| B+0)+

for high-productivity individuals.

i1 4
A

if 14
A

ife <1+ 20

PACEEE
2% 2(64+n/y)
Foas < S M mmeei
2(6+nh)
oG <%

As it is the case without federal matching funds, preferences are not monotonic

in w. Therefore, the equilibrium federal tax rate is fi}(9). Note that f(8) > fi(1)

for

r<Torx>1+

establishing the desired result. W

2(6 +nh)
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B. Appendix B: Summary Statistics

Summary Statistics®

Mean St. Dev. Median Max Min

S 4.54 2.722 5.035 9.87 0

f 2697 3.197 26.155  32.53  22.92
xos 0.984 0.023 0984  1.025  0.937
ry  0.982 0.025 0.981 1.019 0.92
To 0.99 0.03 0.995  1.026 0.92
pr 247093 17511 245659 219760 281422
p; 4845 5291 3272 33872 396

* Sources: States and federal average effective marginal tax rates are taken from

the TAXSIM model. The measure of productivity dispersion between the states for

the different values of 3 is built using data on average hourly earnings of production

workers on manufacturing payrolls and the civil labor force, both found in Employment

and Earnings, published by the U.S. Department of Labor, Bureau of Statistics. State

population and federal population are from Statistical Abstract of the United States

(reported in thousands in the table).
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