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Part I

Introduction

Among the possible reasons for how people vote in democratic regimes, the mag-
nitude of taxes and their potential redistribution effect would seem to be a first
order issue for most voters. We think that a better understanding of the conflict of
preferences over collective objects like taxes represents an important subject in the
public economics area. Moreover, it is reasonable to think that the tax’s properties
would be potentially affected by the assumptions on the politico-economic process.
Thus, even though the spirit of every democratic institutional design is to approxi-
mate the true preferences of society in the best possible way, different institutional
designs would in general imply different levels and stochastic properties for different
kind of taxes (which do not necessarily correspond to the society’s preferences). In
addition, properly including all the relevant details involved in any particular insti-
tutional design, if possible, may render a model quickly intractable. In spite of this,
most of the work that analyses inefficiencies due to political constraints has followed
the route of making ex ante assumptions about the forms of institutions.

The last approach typically requires making very specific assumptions about the
institutions that are used to generate policies (e.g., specific game theoretic models
of voting over a restricted set of tax instruments) along with a variety of other

imperfections. This makes it hard to interpret the results since it is not clear if



the properties of the policies singled out as equilibria are chosen due to the spe-
cific institutional arrangements assumed or due to the imperfections added. This
leaves too much room for the researcher to choose, arbitrarily, which are the key
components of the institutions to be considered. In addition, minor variations in
the components chosen or its main characteristics could have an important impact
on the conclusions.

An alternative path, more in the tradition of classic Public Choice literature,
is to appeal to The Median Voter Theorem. This is a useful device to aggregate
preferences that delivers a simple and strong result: the equilibrium policy is the
most preferred by the median voter (Condorcet winner). Unfortunately, it is well
known that the Median Voter Theorem only holds under very specific assumptions
that are not satisfied in general, as discussed in Kramer (1973). Because of these
restrictions, only a few results are available in the public economics literature. In
general, such results arise from assumptions that imply indirect preferences over
policies being single peaked. However, when the result holds its policy implications

are robust. !

Mainly motivated by these issues we consider that following the
last path could prove to be a fruitful and important approach to analyzed Political
Economy problems in Macroeconomics.

In this thesis we focus on the voting decisions of heterogeneous agents about

redistributive fiscal policy that is also used to finance a stochastic stream of gov-

'In the sense that it is easy to find a variety of institutional designs that would implement the

prescribed policy



ernment expenditures. In Chapter 2, they vote at time zero (once and for all) on a
sequence of lump-sum transfers (or payments) and also on marginal taxes on both
capital and labor income, while in Chapter 3 they vote sequentially. Disagreement
of individual preferences over capital income taxes will be motivated by differences
in initial wealth levels. The conflict over labor taxes is introduced through a kind of
heterogeneity that we think is particularly important in the real world: people are
born with different abilities to turn effort into input. In all other aspects, the envi-
ronment analyzed borrows their main components from the Stochastic Neoclassical
Growth Model with complete markets. Thus, we build on the work of Bassetto and
Benhabib (2006) (henceforth B&B) adding leisure decision and labor skills hetero-
geneity.

Since people are heterogeneous with respect to different economic variables, dif-
ferent agents will eventually disagree about the size of specific taxes and the extent
of the redistribution. Furthermore, agents decide their vote based, among other
things, on a ”package” of taxes. That means people with different characteristics
will disagree not only about their best choice of a specific tax, but also about the
package including all taxes. In this type of economy in which redistribution is al-
lowed, it is reasonable to think that poor households endowed with low labor skills
will prefer a package including high taxes on both labor and capital income. On
another hand, rich individuals endowed with high skills will prefer a package having

low taxes. But is there a specific fiscal policy that can not be defeated by any other



policy through majority voting? If such policy does exist, what are capital and labor
income taxes? In addition, how does individual heterogeneity shape such a policy?

Chapter 2 answers the above questions when agents are constrained to vote only
once, at the beginning of period zero, and never again. Specifically, in Proposition
1, assuming balanced growth preferences, we give two different sets of sufficient
conditions for the existence of a Condorcet winner. The first part of Proposition 1
assumes that there is no heterogeneity in labor skills, although agents value leisure.
In this case, we show that for every distribution of initial endowments, the best
fiscal policy for the agent with the median endowment is preferred to any other
policy by at least half of the individuals in the economy. The second part of the
proposition considers heterogeneity in both labor skills and initial wealth. Then, if
the distribution of initial capital endowments is an affine function of the distribution
of labor skills, again the most preferred time path of policies is preferred by a
majority.

Regarding the characterization of the Condorcet Winner, and under the assump-
tions of Proposition 1, it follows that given any fiscal policy the indirect utility for
the median agent can be decomposed into two parts: a redistributive component
and an efficiency component. The redistributive component depends directly on the
skewness of the distribution of skills and it is increasing in the distortions yielded
by both capital and labor taxes. The efficiency component is given by the value of

the mean agent’s indirect utility and it is decreasing in any positive distortion. The



most preferred tax schedule for the median type balances these two components.
As in B&B, we show that capital income taxes will be either zero or at the upper
bound in any period and state, with at most one period in between. In addition,
Proposition 3 shows that marginal taxes on labor income depend directly on the
absolute value of the distance between the median and the mean value of the labor
productivity distribution in the economy.

Finally, we test the theory of Chapter 2 empirically. A calibrated version of the
model without initial wealth inequality is used to account for the observed increasing
trend in both labor income inequality and average tax on labor in the U.S. in the
last decades. The model does a good job of fitting both the increasing trend and
the levels of labor, and also of matching some short run co-movements. The model
accounts for twice the growth in labor taxes observed in the period 1962-2001. It
also yields correlations between labor taxes and other aggregate variables with the
right sign and similar magnitudes.

The results of Chapter 2 were derived under the strong assumption that agents
vote only once. Are those results still true when agents can vote in every period? (i.e.
when they can revise their past decisions). This is important because the equilibrium
capital income tax of Chapter 2 is time inconsistent. That is, it prescribes the
maximal possible tax rate in the initial period and then converges to zero over time.
Thus, if agents have the possibility to choose again, when zero capital taxation

should be in effect, they would revise their decision and again choose the highest



possible capital income tax. Chapter 3 deals with this problem. Specifically, it
analyzes the role of reputation in influencing political outcomes about fiscal policy.
In each period society decides the current fiscal policy according to a variation of
the majority voting concept in Bernheim and Slavov (2009). The basic feature
of this equilibrium concept is that current choices of both taxes and individual
decisions imply different continuation policies. The first result is the existence of
a Dynamic Condorcet Winner which coincides with the preferences of the median
voter, the agent holding the median wealth at time zero. The second result is
a characterization of equilibrium outcomes when preferences are logarithmic, the
production function is Cobb-Douglas and there is full depreciation of capital. The
most preferred competitive equilibrium for the median type with commitment can

be sustained as an equilibrium outcome for high enough discounting.



Part 11
Heterogeneous Labor Skills, The

Median Voter and Labor Taxes?

3 Introduction

Even though a great extent of work has been done to analyze the characteristics of
taxes determined by politico-economic process, little is known about the properties
of labor taxes. One way to construct a positive theory about fiscal policy is to
assume that agents optimally choose the policies that will take place in the future.
This optimal choice may, in part, be motivated by a first order issue in elections:
the redistributive effects of the different policies. Following this idea, we study a
class of dynamic model economies with heterogeneous agents where the only political
institution is the pursuit of consensus. Agents vote, once and for all, at the beginning
of time on sequences of redistributive taxes on capital and labor. Building on the
work of Bassetto and Benhabib (2006) (henceforth B&B), we derive a median voter
theorem for this class of economies. We use this theorem to describe the properties
of the equilibrium tax sequences. The theorem gives one, precise, statement of the
form that redistribution considerations take in determining policy.

As in B&B, we add fiscal policy that allows for redistribution in the standard

2This chapter is coauthored with Anderson Schneider



neoclassical growth model. We go beyond their paper by adding leisure choice and
stochastically evolving labor productivities. Along with this, we also add to their
framework marginal taxes on labor income. Individual’s disagreement over capital
income taxes is motivated by differences in initial wealth levels. The conflict about
labor taxes is given by heterogeneous labor skills: agents have different abilities to
turn effort into effective labor, which is rented to firms in the market. Although we
do not model any voting process explicitly, consider the following situation: at time
zero, before the economy starts, all possible sequences representing different fiscal
policies are analyzed, and a consensus should be reached through sincere majority
voting. By sincere we mean an agent would vote for fiscal policy A against policy
B if she prefers A to B. A natural question then arises: is it actually possible to
reach such a consensus? Or in other words, is there any policy that precludes the
existence of Condorcet cycles when sincere voting is in place? If such a policy does
exist, what are the capital and labor income taxes implied and how does individual
heterogeneity shape this policy?

In proposition 1, assuming balanced growth preferences, we give two different
sets of sufficient conditions for the existence of a Condorcet winner in this type of
environment. The first part of proposition 1 assumes that there is no heterogeneity
in labor skills, although agents value leisure. In this case, we show that, independent
of the distribution of initial endowments, the best fiscal policy (consisting of a full

time path of both labor and capital income tax rates) for the agent with the median



endowment is preferred to any other policy by at least half of the individuals in the
economy. The second part of the proposition considers heterogeneity in both labor
skills and initial wealth. If the initial capital endowment is an affine function of
labor skills, then again, the most preferred time path of policies is preferred by a
majority.

The proof of the consensus result relies on a characterization of indirect prefer-
ences over fiscal policies that is of independent interest. Although proposition 1 can
be thought in terms of fiscal policies, it is actually stated in terms of implementable
allocations: those that can be decentralized as a competitive equilibrium. Under
complete markets, if agents have the same balanced growth utility function, individ-
ual allocations can be expressed as a constant share of their aggregate counterparts.
These shares are functions of both types and aggregate allocations. Moreover, the
indirect preferences, as a function of types, inherit the properties of these share
functions. Then, we show that for any two fiscal policies for which a competitive
equilibrium exists, the indirect preferences can cross at most once in the space of
types, delivering the result.

Our second contribution concerns the characterization of the Condorcet Winner.
It follows that the indirect utility for the median type over any fiscal policy can be
decomposed into two parts: a redistributive component and an efficiency one. The
redistributive component depends directly on the skewness of the distribution of

skills and it is increasing in the distortions yielded by both capital and labor taxes



(together with bigger transfers). The efficiency component is given by the value of
the mean type’s indirect utility and it is decreasing in any positive distortion. The
most preferred tax schedule for the median type balances these two components.
As in B&B, we show that capital income taxes will be either zero or at the upper
bound in any period and state, with at most one period in between.

In addition, Proposition 3 shows that marginal taxes on labor income depend
directly on the absolute value of the distance between the median and the mean
value of the productivity distribution in the economy.

The results are extended to the case that skills evolve stochastically over time
keeping constant the ranking among agents. Again labor taxes depend directly on
the skewness of the distribution. However, the final outcome is ambiguous - this
relationship could be either increasing or decreasing. We study a numerical example
and show that the model without capital accumulation can generate either procycli-
cal or counter-cyclical taxes, depending on how the dispersion of the distribution of
individual productivities changes along the business cycle. This may offer an answer
to the question posed by Alesina, Campante and Tabellini (2008), related to the em-
pirical observation that fiscal policy is often procyclical in developing countries and
counter-cyclical in developed ones.

Finally, a calibrated version of the model without initial wealth inequality is
used to check if the theory can account for the observed increasing trend in both

labor income inequality and average tax on labor in US in the last decades. The
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calibration for the skill process is done using data on wages from Eckstein and
Nagypal (2004). The model does a good job on fitting both the increasing trend
and the levels of labor taxes in the last decades, and also on matching some short
run co-movements. The model accounts for twice as much of the growth in labor
taxes observed in the period 1962-2001. It also yields a negative correlation between
taxes and aggregate labor, in line with the data.

We view the results regarding labor taxes as a neat characterization of an impor-
tant component of fiscal policy. Most of the work that analyzes inefficiencies due to
political constraints, has followed the route of making strong, ex ante, assumptions
about the forms of institutions. The difficulty with this approach is that it typically
requires making very specific assumptions about the institutions that are used to
generate policies (e.g., specific game theoretic models of voting over a restricted set
of tax instruments) along with a variety of other imperfections. This makes it hard
to interpret the results since it is not clear if the properties of the policies singled
out as equilibria are chosen due to the specific institutional arrangements assumed
or due to the imperfections added.

As we mentioned before, our model gives an extension to the median voter result
presented in Bassetto and Benhabib (2006).2 Other than the already highlighted

differences in the characteristics of the physical environment, our results depend

3Important contributions on median voter results and its connection with fiscal policy include
Meltzer and Richard (1981), Alesina and Rodrik (1994), Persson and Tabellini (1994), among

others.
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on the assumption of balanced growth preferences defined over consumption and
leisure. On the other hand, although B&B do not consider leisure choice, a more
general class of Gorman aggregable preferences is analyzed.

Besides the work by Bassetto and Benhabib (2006), five other papers deserve
special mention. Werning (2006) considers the same physical environment as here
and analyzes the Ramsey outcome when the government uses fiscal policy for redis-
tribution and to finance an exogenous stream of expenditures. The possibility of non
distortionary taxation is not ruled out ex-ante, nevertheless distortions emerge in
the decentralized solution, regardless of the welfare weights used by the government.
We find similar results, although we obtain a more specific characterization of labor
taxes. This feature comes partially from the fact that the median voter solution
uses welfare weight equal to one for the median type. In the case that agents have
stochastic labor skills, a numerical exercise in his paper shows that the implied labor
taxes from a Utilitarian Ramsey problem comove with the distribution of skills. The
author does not provide a numerical solution calibrated to the US economy.

Azzimonti, De Francisco, and Krusell (2008) also analyze majority voting over
marginal taxes on labor income. Since their environment does no consider both
aggregate uncertainty and capital accumulation, the best sequence of labor taxes
for each type in the economy can be characterized by two numbers (taxes in the
first two periods). A median voter result is provided in the case where either there

is heterogeneity in the initial wealth only or in the labor skills.
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Krusell and Rios-Rull (1999) consider an environment similar to ours but voting
takes place periodically, taxes on capital and labor income are constrained to be
equal and only future taxes can be changed. A Markov stationary equilibrium is
solved numerically. The stationary equilibrium exhibits positive distortions. As in
this paper, the level of income taxation depends on the skewness of income distri-
bution. Since their paper consider a marginal tax on income, results about labor
taxes are not provided.*

Regarding the empirical results, Chari, Christiano, and Kehoe (1994) analyze
the quantitative implications of optimal fiscal policy in a dynamic model with ho-
mogenous agents. We emphasize that they consider the same class of balanced
growth preferences. Using different calibrated versions of the model, they found
that labor taxes are essentially constant over the business cycle, although labor
taxes inherit the stochastic properties of the exogenous shocks (productivity and
government spending). Finally, Corbae, D’Erasmo, and Kuruscu (2009) use a re-
cursive political economy model, as in Krusell and Rios-Rull (1999), to evaluate how
much the increase in wage inequality in the period 1979-1996 can account for the
relative increase in both transfers to low earnings quintiles and effective tax rates
for higher quintiles. They assume idiosyncratic labor skills shocks and incomplete

markets. The paper uses a median voter result by checking numerically that prefer-

4 Azzimonti, De Francisco, and Krusell (2008) provide an analytical characterization of time-
consistent Markov-perfect equilibria in an environment similar to Krusell and Rios-Rull (1999), but

individual heterogeneity is restricted to initial wealth.
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ences over one period income taxes (on and off-path) are single-peaked. They found
that the model predicts about half of the increase in redistribution to lowest wage
quintiles, and also it overpredicts the average effective tax rate.

The Chapter proceeds as follows. Section 2 describes the environment. Section
3 characterizes the competitive equilibrium given a fiscal policy. In section 4 we
construct the proof for the consensus result. Section 5 characterizes the Condorcet
winner, while section 6 considers stochastic skills. Section 7 solves numerically the

model without capital accumulation, and the last section concludes.

4 The Economy with Constant Skills

There is a continuum of agents indexed by the labor skill parameter § € ©

Il
5
B

with 8 > 0. Later we relax this assumption, allowing for stochastic labor skills. The
distribution of 6 is represented by the p.d.f. f(-) and the median type is denoted by
0™ < [o0f(0)dd =1 by assumption.”

Uncertainty is driven by the public observable state s; € S, where S is finite.
It potentially affects the efficient production frontier. Let st = (so, ..., s;) be the
history of shocks up to time ¢ and Pr(s') its marginal probability. Assume that
Pr(sp =3) =1 for some 5 € S.

The output at time t is produced by competitive firms using capital and efficient

labor. The resources constraint for each pair (¢, s?) is

5The median voter result presented later does not depend on this skewness assumption.
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C(s") + K(s') < F(L(st), K(s"h, sf) + (1 —=8)K(s"h) (1)

where the function F'(-) is assumed to be homogeneous of degree one in both capital
and labor for all st.
Remark: We could consider an exogenous stream of government expenditures with-
out changing the main results. But since our concern is mainly related to redistribu-
tion, the restriction of zero government consumption avoids dealing with valuations
of the benefits of positive marginal taxes net of the distortions in financing govern-
ment expenditures. In the numerical exercise presented later we consider exogenous
government spending.

Each agent has an endowment of one unit of time in each period and state. Using
[/0 units of its time agent type 6 produces [ units of efficient labor that is rented to
the firms. If agent type 6 consumes the stream {ct, 1 —1;/60}72, of consumption and

leisure, then its total discounted utility is given by:

;ﬁtu <c(st, 0),1—I(s',0) /9)>

. a(1-pt-e]t7
where we assume balanced growth preferences, i.e., u(c,1 —1) = [era-pe] 7 if

o#1,or alog(c)+ (1 —a)log(l —1)if o = 1.
In the initial period, agent type 6 is endowed with W_;(0) = k_1(0) > 0 units
of wealth consisting of capital stock. Later we shall impose conditions on the initial

wealth distribution.
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In each period the government levies an affine tax schedule on labor income given
by 7(sH)w(st)l(st;0) + T(st), where w(s') are the wage payments and the lump-sum
tax T'(s') is potentially used for redistribution. Notice that the tax schedule is not
individual specific.

The government taxes capital returns net of depreciation at rate 7 (s') € [0,7].
For the type of wealth distribution that we analyze later, the lower bound will never
bind. The upper bound on capital taxes is a technical condition required in order
to guarantee that the best allocation for the median type exists. In order to reduce
the arbitrariness of such an exogenous upper bound, we choose 7 = 100%. In this
way the maximum levy corresponds to a loss of the full return net of depreciation.

Profit maximization by the firms determines the rental prices. Given a tax
sequence, prices, and initial endowments, under complete markets agent type 6
chooses his individual allocation in order to maximize utility subject to the budget

constraint:

> pls' <S 0)+k(s ) > (s <1 7(s ))wt(st)l(st;9)+R(st)k(st‘1;9)>—T

t,st t,st
(2)
where T'= 3, p(s')T(s?) is the present value of the lump-sum taxes and R(s!) =

1+ (1 —71(sh))(r(st) —6).

Under the complete markets assumption the government budget constraint can

16



be written as:

~T <> p(s) <n(st)w(8t)L(8t) + (s (r(s" = 0)) K (s~ 1)) (3)
The usual definition for a competitive equilibrium follows:

Definition 1. A competitive equilibrium given a tax schedule {1;(s'), T (s!), T'(s!) }¢

is a sequence of prices {w(st), p(s'),r(s!)}¢, individual allocations {c(st;0),1(s;0), k(s

and implied aggregate allocations {C(s'), L(s'), K(s')}; such that:

1. Given after-tax prices, {c(s';0),1(s';0),k(s';0)} mazimizes utility subject to

(2);
2. C(s') = [oc(s"0)f(0)do, L(s") = [o (s 0)d6 and K (s*) = [g k(
3. Factor prices are equal to the marginal products;
4. The government budget constraint (3) holds; and

5. The resource constraint in (16) holds for every s'

5 Equilibrium Characterization

Here we characterize the economy given a fiscal policy for the log utility case. We
use a characterization strategy similar to Werning (2006) and it will be very useful

to prove the consensus result
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The first order conditions with respect to individual consumption and output

yields:
= 0 (@
(1 —ea_),gl(];l:(;)bO) p(St)(l —Tl(st))wt(st)A(H) (5)

Let p(f) = 1/A(0), and E(p) = [o ¢(0)f(0)df. Then integration over types in

the expressions above yields the following equations determining after-tax prices:

E(p)aB"Pr(s|so)

p(s') = e (6)
p(s") (1 —7(s"))wy(s") = E(w)(ll__azfst};r(s 0 (7)

We normalize pg = «/Cy. This makes E(p) = 1. Then individual allocations

can be written as:

c(s50) = @(0)C(s") (8)

1—U(s%0)/6 = w@)6 ' [1 - L(s")] 9)
The other conditions for optimization in the problem faced by individual 8 are

p(sh) = Z R(s"™)p(s'1), and tllglo Zp(st)k:(st; 0)=0

st+1

Tt turns out that the characterization in the logarithmic case is much simpler than in the
general case (balanced growth preferences). All the proofs in the general case are shown in the

Appendix A
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Replacing the two conditions above, CE prices, and individual allocations ex-

pressed as a share of aggregates in the budget constraint for agent 6 yields:

o0) = (1) [0 Tomo) +0 5 8 pis) [ 10 (10)

where Wy (0, T, 70) = (a/Co)Rok_1(0) — T.

Since for each type the expression for ¢(-) depends on the aggregate allocations
and the tax schedule, the function can be rewritten as ¢(Z;0) € Ry where Z =
({C(s"), L(s"), K(s') }+>0, T, Tko)- Let Z>° be the set of such sequences.

One can see from the construction of (10) that ¢(Z; 6)/(1— ) represents the total
value of expenditures on consumption and leisure expressed in efficient units for type
0. In equilibrium, this value should be equal to the value of the initial endowment
plus the maximal present discounted value of his labor income, as equation (10)
shows. If for some 6 € © the value of ¢(Z;6) is equal to zero, then this individual
can afford only zero consumption and zero leisure in all periods and states.
Remark: For future use, it is straightforward to replicate the computations above
for the case in which the heterogeneity is only restricted to the initial endowments.
In this case we would have individuals indexed by the initial capital endowment

distributed according a pdf f(-) on [k, k]. The labor skills are given by the constant
function §(k_1) = 1V k1 € [k,k]. In this case one can find that ¢(Z;k_1) =
(1= B)[Wok—1,T,70) + X 8 Pr(st)(1 — a) /(1 = L(s"))].

Then, as in Werning (2006), we have the following:

19



Lemma 1. Z = ({C(s'), L(s"), K(s") }+>0, T, ko) is the aggregate allocation se-

quence (together with T and Try < 7) in an interior CE if and only if:

1. Z satisfy the resources constraint in (16) for all st;

-7 St+1 _
2. C(lst) > BE 1+ C)((f;ll(l) ) 5)|st for all st;

3. Evaluated at the aggregate allocations, the function @ : Z° x © — R, given
by (10) is such that p(Z;0) € (O,ﬁ(st)) for all st,0 € ©,and L(s) C Z.

Furthermore, E(p) = 1.

Proof: Necessity comes from the reasoning above. Sufficiency is shown in the ap-
pendix.

The second condition comes from the upper bound on the capital tax rates. The
last condition comes from the nonnegativity of consumption and the fact that leisure
is bounded by the unit. It replaces the usual implementability conditions found in
the Ramsey literature.

Depending on the restrictions on the distribution of the initial endowment, we
could relax the third condition in the Lemma above to ¢(Z;6) > 0. For example,
this would be the case if initial endowments are non-decreasing in the skill level,
making ¢(-; ) strict increasing in 6.

Because preferences are homothetic, Lemma 1 imples that, given taxes, two
economies having different distributions of productivity types with the same mean

and the same initial aggregate capital stock will have the same aggregate outcomes
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in equilibrium. Clearly, the distribution of ¢ in the economy will indeed depend on
the distribution of skills and the assumptions on the initial endowments. Also notice
that the distortions generated by marginal taxes are enclosed in the aggregates that
determine the function .

As Chari and Kehoe (1999) have pointed out, the non-arbitrage condition p(s') =
D siin p(s't1)R(s*1) does not uniquely pin down the stochastic process for the
capital tax rate.

Next we give a more intuitive representation for the function ¢. Using (10) and

the fact that E(¢) = 1, the constant of proportionality can be rewritten as:
o(2:0) = 1+(1-6) | (Wo(0.7, 70) ~ E(Tol6. T, ) ) + (0~ E(0) - UL(2)| 20

where UL(Z) = ¥, 8 Pr(s") [%}
Therefore individuals that are wealthier than the average will have both in-

dividual consumption and leisure (measured in inefficient units) higher than the

respective aggregates.

6 The Consensus Result

Let = be the set of elements Z = ({C(s'), L(s'), K(s')}4, T, Tko) that satisfy the
conditions in Lemma 2.
We begin by analyzing preference orderings over elements of =. As we have

pointed out, all distortions generated by marginal taxes are already enclosed in the
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aggregate allocations. Given any Z € =, we can express the present discounted
utility for each individual when aggregate allocations are given by Z. For agent type

0, denote this value by V(Z;6). Then we have:

1

V(Z;0) = T3

o ((2:0)) - (1~ ) togi0)| +
> B Pr(s") [alog(C(s")) + (1 — ) log(1 — L(s"))]  (11)

The share of each individual can be rewritten as ¢(Z;6) = Bk_1(0) + C6 + D,
where B,C, and D are values that depend on Z € =Z. For a given Z € = and
associated ¢(-), with some abuse of notation, let J,(#) and J(Z) be respectively the
first and second term of (11).

Agent 0 weakly prefers the allocation Z to Z if and only if
V(Z;0) > V(Z;0) <= J,(0) + J(Z) > J5(0) + J(Z)

Let S, ;, = {0 T (0) — Jp(0) > J(Z) - J(Z)}, that is, the set of agents that
prefers Z to Z.

As mentioned before, in this section we state the results for the logarithmic case.
The proof for the more general Cobb-Douglas class of utility functions is shown in
Appendix A. The general strategy of the proof presented below is similar to the one

used to prove proposition 2 in Benhabib and Przeworski (2006).

Proposition 1. : Assume balanced growth preferences and consider any Z, AN
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1. Let heterogeneity be restricted only to the initial endowments, distributed ac-

cording pdf f(-) on [k, k] with mean K_;. Denote k™, be the the agent with the

median wealth. If k™ € S, -, then either [k, k™] C S, , or [k, k] C S, .

2. Let agents be heterogeneous with respect to both labor skills and initial endow-
ment. Also suppose that the initial endowment is an affine function of the

skills. If 9™ € S, , then either [0,0™] C S, , or [0™,0] C S, ,.

)

Proof. Due to its simplicity, we present here the proof for the logarithm case. In
Appendix A we show the proof for the general case.

Take any Z, Z € Z; we shall show that J,(0™) — J5(0™) > J(Z) — J(Z) implies
Jo(0) — J5(0) > J(Z) — J(Z) for at least 50% of the agents. A sufficient condition
for this to happen is the function J,(6) — J;(#) being monotone.

We start with the first statement. Given the remark after (10), heterogeneity
only with respect to initial endowments allow us to write ¢(Z;k_1) = Bk_1+C+D.
Moreover, condition 3) in Lemma 1 implies p(Z;k_1) =1+ B(k_1 — K_1).

Given Z and Z , without loss of generality assume B > B. If k™ > K_q, then
Jo(k™) > Jp(E™) and Jy(k—1) > Jp(k—1) for all k_y > k™. If k™ < K_q, then
Jo (k™) < Jp(k™) and Jy(k—1) < Jp(k—1) for all k_y < k™. This proves the first
statement.

Next, consider the case with heterogeneous labor skills: ¢(Z,6) = Bk_1(0) +

C0O + D. We use the fact that the initial endowments are an affine function of the
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skill level, k_1(6) = m + n260. Then:

O, (0) — J5(0)) | [7constant” + |[Bns + C)[Brjz + (5]9} . [[Bﬁg + C)[Bns + CJ8
90 1-p [Bk_1(0) + CO + D][Bk_1(0) + Co + D]
Therefore the sign of the derivative does not depend on 6 O

There is an obvious abuse of notation in Proposition 1, since the set of imple-
mentable allocations are different depending on the type of heterogeneity in the
economy.

Next we highlight the key factors behind the proof of Proposition 1. First, as
mentioned before, because homothetic preferences, interior individual allocations of
consumption and leisure are proportional to the counterpart aggregates. Therefore
when comparing allocations Z and Z , what is key is the ratio of the proportionality
factors p(6)/o(6). Moreover, under the full insurance assumption, the proportion-
ality factors are constant over time and are given by the value of the after tax total
wealth that individuals would have if they would sell the full amount of labor to
the firms. Under the assumption on the affine tax schedule for labor income, the
after tax human wealth is linear in the productivity type. If there is no initial
wealth inequality the function ¢(6)/$(6) is monotone in the productivity type, and
therefore if the median type 0™ prefers Z to Z then at least half of the remaining
types will also agree on the ordering over these two allocations. In the case of ini-
tial wealth heterogeneity, one way to ensure that the result holds is to assume that

initial endowments are an affine function of the skills.
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It is important to emphasize that the role of the affine tax schedule assumption
is central to the above construction. In particular, it is key the fact that the after
tax human wealth is linear in the productivity type. Certainly this would not be
true for a general class of nonlinear tax schedules.

Next, we briefly discuss another environments in which the consensus result can
be replicated. First, it is challenging to relax the assumption on the homotheticity of
preferences. The main reason is that small perturbations on preferences would make
the whole distribution of after-tax wealth in the economy to matter significantly.

It is possible to relax the complete markets assumption slightly. We can prove
that the median voter result still holds if there is limited enforcement as in Kehoe and
Levine (2001). Specifically, in an environment in which agents can buy one-period
state contingent bonds (but cannot borrow), it can be shown that this additional
constraint does not prevent the individual decisions from being a constant proportion
of the aggregate allocations. Of course, the set of implementable allocations under
complete markets is strictly bigger than the set under limited enforcement.

Proposition 1 also would be true in an environment in which there is no lump-
sum component in the fiscal policy, but the government collects the taxes revenues in
each period and redistributes it trough a public good g;. In this case, the utility v(g;)
that individuals get from g; should enter additively in the period utility function.”

Given the linearity restriction imposed in the Proposition 1, we shall assume the

following.

"The linearity condition does not mean that the initial distribution of capital is linear itself.
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Assumption 1: The initial endowments are an affine and increasing function of

skills among types: k_1(0) = v + (K_1 — %) - 0 with 0 <y, < K_;.

Finally, without a restriction on the value of the lowest type 6, Proposition 1 es-
tablishes the consensus result only for fiscal policies that support interior equilibria.
Without any such restriction, for some fiscal policies there will be aggregate alloca-
tions in which the decentralized competitive equilibrium exhibits a positive measure
of agents supplying zero labor in equilibrium. Usually such aggregate allocations
have the feature that the lump-sum component of the tax schedule is too large (a
positive transfer), making too costly for the lowest types to work. These types will
better off not working at least in some periods. For more details see Piguillem and
Schneider (2007). In order to avoid considering economies in which non-interior
allocations exist, we present a lemma that will be used to impose a lower bound on

the value of 6.8

Lemma 2. Consider any Z satisfying conditions (1)-(2) in Lemma 2 and having
both aggregate labor sequence bounded away from zero and WO(G, T,79)/0 > 0.There

ezists 0 < 1 such that w(Z;0) < ﬁ(st) for all st, 0 > 0, and L(st) C Z.

Proof: See Appendix A.

The lemma above provides a minimum value for 6 such that, even for the maxi-

mum feasible level of transfers —T > 0 (in a competitive equilibrium with aggregate

8The analysis would be much more complicated in this case. To date, we can show only that

the median voter result holds if we consider non-interior equilibrium in a one period economy.
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labor bounded away from zero), the lowest type will work a positive amount in
any period and state of nature. It also imposes a restriction on the variance of the
distribution of skills.

By assumption 1, equation (10) states that individual labor supply is a monotone
function in 6. Notice that the condition Wg(@, T,79)/6 > 0 implies that individual
labor is minimum for the lowest type @ in all periods and states.”

Assumption 2: 6 € [0, 1).

7 Characterization of the Condorcet Winner in the log

case

The characterization of the Condorcet winner comes from the maximization of the
utility for the type 6™ given that the agent has to pick a sequence of aggregate
allocations, an initial tax on capital and lump-sum transfers that can be supported
as a competitive equilibrium. Lemma 1 gives us the sufficient implementability
conditions that should be satisfied. Assumption 1 implies that is sufficient to check

only the non-negativity constraint for the lowest type 6.

90One may ask what could happen in cases in which WO(G, T,70)/0 < 0. We believe that in such
cases the labor supply will be strictly positive for the highest type. In this case we can show there
exist § > 1 such that the upper bound constraint in Lemma 2, part 5, will never bind. Furthermore,
for the type of distribution that we analyze in the next section, the median voter will indeed prefer

~T > 0.
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Then we shall partially characterize the solution for the following problem:

P(M) : o { : i 5105 (1 +(1-5) [(Wo(em,T, ro) — E(Wo(6, T, Tko))>

+ (0™ 1) - ULD + Zﬁt Pr(s') [alog(C(s")) + (1 — @) log(1 — L(s"))]

t,st

C(sh) + K(st) < F(L(st), K(st71), st> +(1=8)K(st71)

14+(1—7) (Fr (st =6
o 2B ., Pr(s.41]s") 2 C)((Sll(l) )=o),

1+(1-0) KWO(Q, T, 740) — E(Wo (6, T, mﬁ)) + (0 1)UL] >0

s.t.

1= (1 - B)EW,(8,T,m0)) + UL

Tho < T, K_1 given

If some agent were given the power to choose an implementable allocation, she
would care about her own proportion of the aggregate allocations and also about
the utility for the mean type. Those are the two parts in the objective function
of the (median voter) problem. The ”proportional part” basically depends on the
difference in after tax total wealth between the mean and the median type. As the
proof of Lemma 3 below shows, this share will be higher (lower) than 8™ if the tax

schedule includes positive lump-sump transfers (taxes).

Remark: Since in the constraint set of P(M) the lump-sum term appears only in
the equality condition MKT, clearly that constraint will not be binding. Notice also
that if 7" < 0 then using constraint MKT one can see that constraint NN will not

bind.
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Next we state the first result relating the size of taxes and the distance between
the median and the mean type. Basically, if the distance is zero, and if fiscal policy
has only redistribution concerns (zero government spending), then taxes are zero in

all periods and states.

Proposition 2. Suppose ™ = E(0) = 1. Under Assumption 1, the most preferred
allocation for the median type is the solution to a version of the Neoclassical Growth
model in this environment with a representative agent having labor productivity equal
to the unity and endowment K_1. The implied tazes are given by 1(s') = 11(s') =0

for all st.

Proof. First, by assumption we have E[WO(H,T, Tro)] = WO(HW,T, Tro). But then

the objective function reduces to:

max tZ B'Pr(s') [alog(C(s")) + (1 — @) log(1 — L(s"))]
Next, by the remark above we know that MKT is not binding. Finally we show that
maximizing the above objective function subject to the RC constraint only satisfies
all the remaining constraints, i.e., UB, and NN. As it is well known the solution
for the above problem implies no taxation. Since there is no government debt by

assumption, we get that T" = 0. This immediately implies that constraint NN is

satisfied. But since 74(s') = 7;(s') =0 V s' we have that UB is not binding O

The only way that the median voter can take advantage of nonzero marginal

taxes is through the difference between the value of his wealth (initial wealth and
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the market value of labor endowment) and the mean wealth. When such a difference
does not exist, marginal taxes are always zero. In the case where there is a sufficiently
small process for government spending, the chosen fiscal policy will use only lump-
sum taxes to finance the stream of expenditures. We refer to a sufficiently small
process because otherwise the poorest individual in the economy may not afford the
payment of the lump-sum tax.

Other than the result about taxes, the claim above adds a new interpretation to
the Neoclassical Growth Model with homothetic preferences. That is, its solution
can be thought also as the aggregate competitive equilibrium allocation that would
be chosen by majority voting at time zero in an economy having heterogeneous labor

skills drawn from a non-skewed distribution.

Next we turn the case where 6™ # E(6). Lemma 3 will be important later. It

states that constraint NN will never bind in the solution to P(M).

Lemma 3. If 0™ < 1 then T < 0 in any solution to P(M).

Proof: See Appendix A.

The intuition for Lemma 3 is simple. The main objective of the median voter
is to achieve some degree of redistribution in her favor. This occurs only when the
agent receive more resources than she pays. That is, because all the distortive taxes
are linear and since 8™ < E(#), she always pays (receives, if taxes are negative) less

than the average agent. On the other hand, given that all agents receive (pay) the
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same transfer, the only way for her to get some benefit from redistribution is to set
the revenues from linear taxation at a positive value (pay less than the average) and
the lump sum at a negative value (receiving the same as the average). When there
is no government spending the difference is a net gain for the median agent.

Next we state a lemma which will be used later in Proposition 3. The result is

an extension of the capital tax result in Bassetto and Benhabib (2006).

Lemma 4. (The Bang-Bang Property) In the solution for the median voter’s
problem, if there exists st such that the implied tax Tk(SE) < T then
[1+ Fp(s") — 4]

1 _ t t t
C*(St)—ﬁZPdstms) o Vet

St+1

and therefore 1,(s') = 0 for all s' > s'.

Proof: See the appendix.

In the lemma above, the notation s* > st is supposed to be understood as the

histories that immediately follow st.

Remark: Notice that the proof above depends on the return function in P(M)
being increasing in the utility of the mean type. In the general case (o # 1), this
may not be true, as Bassetto and Benhabib (2006) shows. When the return function
is decreasing in the utility of the mean type, the proof can be adapted to show that

the constraint UB is always binding.
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Next we show that, when § = 0 and heterogeneity in the initial distribution of

capital is sufficiently small, taxes on capital will be zero for any period ¢t > 2.

Lemma 5. (Capital taxes) Suppose 0™ < E(0) = 1. Under assumption 1, if
0 =0 and (K_1 — ) is arbitrarily close to zero, then the implied capital taxes in

the solution to P(M) are:

T=1 fort=0

m(s) =14 0< 7 (s1) < 7 for all st

0 for all st such thatt > 2

Proof: See appendix.

If the value of K_1 — 7% is not small enough, then the Lemma must be modified
slightly. Instead of having 74(s') = 0 for all t > 2 it would be true for all s > st
given some finite £. This is a very well known result dating from the original work
of Chamley (1986). It follows from the fact that, otherwise, the solution would
exhibit Uy, = BEYU;,, || Vt. Since any solution should have *(s) < 0oV st, and
therefore E(U}) < oo for all t, it follows by the law of iterated expectations that
U} = limp_, o ﬁTEt[Ug‘t+T]. Since it can be shown that {U}}; is a submartingale,
we can use Dobb’s convergence theorem to show that this limit exists and is equal
to zero. This leads to a contradiction since the constraint set is compact in the

product topology. As we have pointed out in the remark right after Lemma 4, for

the general Cobb-Douglas utility function the constraint UB may bind always.

32



Now consider the labor income tax. From the competitive equilibrium we know

Fr(shH)(1 —7(st)) = mcg)_ Therefore 1 — 7(s') = E(Sigzst) FS((jtt))a Then

we have the following.

Proposition 3. (Labor Tax) Suppose that ™ < 1. Then in the solution to P(M)

there exists a history st such that, for all st > st the implied labor tazes are:
1. 0 < 7(sh) < 1.

2. 7(s) depends on st only through L(s'):

T(St)— (l_em)
Nz o) (1 — Lo (sh)) + (1 - 6m)

on(s")
3. agny > 0-
Proof. The existence of a history st in which UB stops binding was justified in the
previous paragraph.
Recall from Lemma 3 that (NN) is not binding. Let A(s’) be the lagrange
multipliers associated with (RC). Then the first order condition with respect to

aggregate labor is:

(1 — a)(em — E(G))ﬁt Pr(st):| - (1 - a)ﬁt Pr(st) —l—)\(St)FL(St) =0 fort>1 (12)

p(0™)[1 — L(s")]? [1 = L(s")]

The implied tax on labor is given by:

1‘”“”:[02@Z?>1—2@6+41 (13)
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Let H = (;(799,:;) > 0. Then (13) can be rewritten as:
H
e ———— <1 fort>1

0<m7(s") 1—L(st)+H< or t >

or
1
Tl(St) - 1 aRo(K_1—k) t
e — (1= 5) (700 + UL)} [1—L(st)]+1
It is straightforward to check that 6{(){6;2) >0 O

Corollary 1. (Extending Bé&B) Suppose that heterogeneity is restricted only to
the initial wealth distribution, that is, individuals are indexed by the parameter w €
[w,w] distributed with p.d.f. g(-), the labor skill is given by 0(w) =1V w € [w,w],
and K(w) = v, + (Ko + yx)w. Then there exists st such that the Condorcet winner

has 7(s) = 0 for all st > st.

Lemma 5 and Proposition 3 provide some explanation of how heterogeneity
shapes the Condorcet winner when agents have log preferences. First, as the median
voter’s problem illustrates, her payoftf depends positively on the payoff obtained by
the mean type. This implies that nonzero taxes benefits the voter only to the extend
to which she can manipulate her share p(6™) through the lump-sum transfers. The
mean type always prefers zero taxes, and the share ¢(6™) depends on the difference
in after tax wealth between the median and the mean type.

Since positive capital taxes reduce the payoff for the mean type, Lemma 5 implies

that the first two periods in the economy are sufficient to obtain full benefits from
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positive taxes on capital if the initial heterogeneity of capital endowments is small.
On the other hand, labor taxes are always positive since the heterogeneity in labor
income never disappears.

Also we find a smoothing effect on labor taxes similar to Werning (2006). Since
distortions decrease the utility for the mean type, concavity implies that labor taxes
should be higher in states in which aggregate labor is higher.

In Appendix A, the results about taxes in the general case (o # 1) are extended.
As Bassetto and Benhabib (2006) point out, depending on the magnitude of o,
capital taxes may be always at the upper bound. '°. Taking this into consideration,
we find a condition on the size of ¢ such that the capital taxes eventually go zero.
This helps to characterize taxes on labor.

The results presented in the appendix are very close to the results in the last
section with slight modifications. Instead of results for every t > 2 we have results
for all t > ¢, for some ¢ > 2. In addition, the results statements are weaker in
the sense that they depend on o being smaller than (1 — #™)~1. The main role of
the condition is to make sure that the objective function is increasing in aggregate
consumption and decreasing in aggregate labor, as Lemma 9 shows.

The results are summarized as follows. Provided that the inequality in skills is
not too large or, alternatively, o < (1 — #™)~!, capital income taxes will eventually

be zero. Labor income taxes are always positive, increasing in inequality and state

OWe omit this proof in the environment considered here because it is an extension of the

reasoning presented in Bassetto and Benhabib (2006)
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dependent. For all histories after which the upper bound constraint on capital taxes

is not binding, labor taxes are given by

(1-6")
O™ = D1 —a)(1 =) =1+ [1 = L(sH[(1 = o) + ox(Z,0™)]

Tl(8t> =

where x(Z,0™) resembles the proportionality factor ¢(Z;60) in the log case.

8 Stochastic Labor Skills

For simplicity we consider an economy without capital accumulation. Types are
fixed but labor skills evolve stochastically over time. We work with log preferences,
but what follows below holds for the more general Cobb-Douglas class of utility
functions.

The resource constraint is given by C(s")+g(s") < A(s")L(s"). As before, at time
zero there is no aggregate uncertainty. Productivity types are initially distributed
according to a skewed distribution F(-) on © = [0, §], with mean F(f) = 1.

In t = 1 and later, skills of each type i evolve stochastically, and are correlated
with the aggregate state . For each history st, skills are given by: 6%(s*) = v(s!) +
p(sh)0%, with p(st) > 0 for all s*. This function allows us changes in the distribution
of skills while the ranking remains constant. In addition, p(st) and (s!) may be
chosen such that the changes are a mean preserving spread of any particular state

s¢. For example, let 7, = g—f], where 6, is the productivity of the least skilled
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type in state s. Similarly define 77 y = %‘ Then it can be shown that if

gNﬁB,N - QNQB,N

p(B) = 2— =
NT]B,N(l - QN) _QNQByN(l - HN)

and
ONON(TpN — ﬂB,N)

V(B) = o— =
NTpN(L=8N) = Onnp (1= 0N)

then state B is a mean preserving spread of state N.
Under complete markets, as before, individual allocations are proportional to

aggregate allocations. In this economy the constant of proportionality is given by:
. o .
P(Z;00) = (1= B) | =T+ > 04(s"UL(s") (14)
Co -

1—a)Bt Pr(st
where UL(s") = %.
Again, we can find the set of implementable allocations and let the agents vote

at time zero. Let = be the set of implementable allocations in this environment, and

S, - be the set of types that weakly prefer Z to Z. Then the following id true:

Claim: Let 6" be the median of the initial types. Let Z € = be the best allocation

for the median type, and consider some arbitrary Z € Z. Then either 0,001 €S, ,

)

or [07",0] € S, ..

The reasoning of the claim above is the following. We can expresses the payoff
for type i as the sum of the proportional part J: plus the aggregate part as in (11).

As in the proof of proposition 1, we can calculate
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O 0) T a(—p) o (T o T
o7 = Sopety 27 | V0~ gV HD

Clearly, the sign of the derivative above is independent of the type.

The best marginal tax on labor income for the median type is given by:

_ (1 65)0(s")
P07 — () + (1 — G5 )p(s")

7(s") (15)

Since the ranking among types is preserved, the larger the distance between
the median and the mean type, the higher the labor tax on that state for a given
aggregate labor quantity. The final effect on taxes is ambiguous. As equation (15)
shows, the result depends on two factors. First, there is a tax smoothing effect: the
larger the aggregate labor allocation, other things constant,the higher the tax. This
is closely related to concavity and the fact that the median’s utility depend on the
utility of the mean type. The other effect is related to how the skills’ distribution
changes over the business cycles (its correlation with aggregate shocks). An increase
in the distance between the mean and the median agent increases the gains of
redistributive policies for the median voter, and therefore call for higher taxes. The
opposite is true if the distance between the median and the mean decreases.

Thus, if inequality and employment are positively correlated, the effects reinforce
each other and labor taxes are unambiguously higher. However, if inequality rises in
periods of low employment (inequality and employment are negatively correlated)

both effects act in opposite directions, turning the sign of the correlation between
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employment and labor taxation ambiguous. This is showed next by the use of a

numerical example.

8.1 A Numerical Exercise

Consider an economy without capital accumulation and where skills evolve stochas-
tically as in the previous section. Assume that there are only two possible states
in the economy, S = (High, Low). The stochastic process for the states is i.i.d
(allowing for persistence will not affect the qualitative results), with 7z = 0.6 and
nr, = 0.4. The initial state is sg = H

Technology is linear, Y (s!, L(s')) = A(s!)L(s"), with the aggregate productivity
parameter being A;, = 1.25 and Ay = 0.95. Government consumption in each state
takes on the values Gy = G, = 0.08, which makes government consumption being
about 17% of output. Preferences are logarithmic (o = 1). We also set o = 0.3 and
B =0.95.

The initial distribution is skewed, with the mean normalized to one and 8™ = 0.9.
In addition, we assume that in the high state the distribution of skills is always the
same as the distribution at the initial period (p(H) =1 and y(H) = 0). In the low
state, the distribution of skills is a mean preserving spread of the distribution at the
initial state (p(L) > 1 and y(L) < 0 with p(L) + (L) = 1).

In order to analyze the impact of the changes on the distribution of skills on the
cyclical properties of the fiscal policy, we consider two economies: in Economy 1 the

distribution of skills has low variability. The economy parameterized by p; (L) = 1.02
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and v1(L) = —0.02. In Economy 2, the skills distribution is more volatile than
Economy 1. We achieve this by setting p2(L) = 1.05 and v2(L) = —0.05. Figure
1 shows for the two economies the distribution at time zero and the distributions

when aggregate state is s = low.

Skills' distribution in different states

0.1 : ‘ |
"""""""" Period 0

—*— s=low, Econ. |
s=low, Econ I

0.03

0 0.5 1 1.5 2 2.5
Theta

Figure 1: .

Next we show the calculated taxes for each state.
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Economy | Economy Il
State
T L T L
High 0.279 0.30 0.28 0.30
Low 0.278 0.285 0.285 0.28

Table 1: Aggregate labor and marginal labor tax in each state.

Labor taxes will be either procyclical or counter-cyclical, depending on how the
distribution of heterogeneity changes in the low state. In Economy I, the smoothing
effect predominates: higher aggregate labor implies higher taxes. In Economy II,
the larger distance between the median and the mean type causes the labor tax be
higher for states in which aggregate labor is lower.

The example illustrates the potential ability of the model to explain differences
in the business cycles properties of labor taxes. If rich countries have sufficiently
smaller dispersion in the skill distribution during bad times than poor ones, then
rich countries will exhibit counter-cyclical labor taxes, while poor countries will have

pro-cyclical labor taxes.

9 Quantitative Results

Several papers like Eckstein and Nagypal (2004), Heathcote, Storesletten, and Vi-
olante (2008), among others, have reported the increasing trend in labor income

inequality in the U.S. in the last decades. Regarding labor income taxation, Mc-
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Daniel (2007) constructs average taxes for the U.S. (and OECD countries) for the
period 1950-2003 and it finds an increasing trend.

In this section we show two quantitative results of the model. First, through
equation (?7), we calculate both a lower and an upper bound on how much of the
increase in labor taxes observed in the data can be accounted by the model. Second,
we numerically solve the median voter’s problem using a simple calibrated version
of the model with stochastic labor skills. Then we compare the correlation between
labor taxes and labor allocations (and GDP growth) from the model with the data.

Since the model does not have consumption taxes, we follow the same method-

ology as in Ohanian, Raffo, and Rogerson (2006). We compare the labor taxes from

]-_Tlt

1~ from the data. Figure 2 shows the trends in
ct

the numerical solution with 1 —

the data.

9.1 Data and Calibration

We take the average taxes on both labor and consumption for the US economy in
the period 1950-2003 from McDaniel (2007).

Uncertainty is described by a Markov chain with 4 states. Both TFP and labor
skills shocks are assumed to take two possible values: A(s) € {Ar, Ay} and p(s) €
{pL,pr}- The data for the macroeconomic aggregates are from NIPA, in billions of
chained 2000 dollars covering the period 1960-2006. Since in the model we normalize

the endowment of time to be equal to one, we construct a new labor series as the
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Figure 2:

ratio between the total average weekly hours worked from BEA and the potential
number of hours (5200 times population of 16 and over).

The production function is Cobb-Douglas with capital share v = 0.3, a usual
value found in the literature. The technology parameter A(s) is calibrated by using
GDP from NIPA and labor as the total average weekly hours worked. The skill
distribution parameters py and pr, are calculated from the wage inequality data in
Eckstein and Nagypal (2004).!! We take mean and median wages as a proxy for

mean and median individual skills respectively. One drawback is that the data refers

"' The authors use data from the Current Population Survey covering the period between 1961

and 2002.

43



to weekly earnings, and therefore it does not account for the effects of cross section
variation of hours worked. But since we only need data about mean and median
wages, and also given that aggregate hours worked in US has been quite stable over
the last decades, we think this issue is not very critical for our purposes.

We calibrate the transition matrix over the possible four states by filtering both
the TFP and the ratio median to mean wages. Then we calculate the probabilities
using the frequency of the states observed in the data. The matrix below show the
calculated probabilities over S={sl = (Au, pu), s2 = (Au, pr),s3 = (AL, pu), s4 =

(AL, pL)}

0.438 0.125 0.375 0.062
0.286 0.286 0.142 0.286

0.455 0.0 0.091 0.454

0.20 0.20 0.30 0.30

Transition matrix.

We consider Ag = 1+¢eg and A, =1 —¢e1. We choose ey and e, such that the
unconditional mean is equal to one and the process matches the variance of GDP
growth in the data. In this way we set ey = 0.004 and ;, = 0.0064.

The depreciation rate is set to the usual value of 0.06. We use log preferences.
The parameter « is set to match, on average during the period considered, the

first order conditions in the median voter’s problem. Using this criterion, we find
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Parameter Description Value

(o, 0) preference parameters (0.38,1)
I3 intertemporal discounting 0.96
v capital share 0.3
1) depreciation 0.06
(Ap, Ar) TFP shocks (1.004, 0.9936)
om median skill 0.79
(pH,pL) skill parameters (1.054, 0.945)

Table 2: Summary of the calibrated parameters.

a=0.38.12

Taking into account the average ratio median skill to mean skill equal to 0.79,
we calibrate pg and pr, such that we have the unconditional mean equal to one and
the variance of the ratio median to mean wages matches the data. The values for
pH, pr, and the remaining parameters are summarized in Table 2 below.

We do not consider initial heterogeneity in wealth. Such strong restriction on

the initial wealth distribution is imposed in order to avoid additional complications

12Gince the first order conditions contain the share of the median type coming from the solution
of his problem, the calibration for « is done in two steps. In the first step, we guess a value for the
share and then calculate the average a. In the last step, using the calculate value for o, we check

if the resulting share is the one that was guessed in the previous step.
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related to the inequality constraints in the Euler equations. From the theory we
know that if 74(s') < 7, then 73 (s') = 0 for all ¢ > 1. Since our main concern is
about labor taxes, we think that initial wealth heterogeneity would add little content
to the discussion at a large cost in terms of computational issues. Since the problem
is not recursive, we solve it using a two-step algorithm that explores the recursive
property of the Lagrangean. For more details see section A7 in the appendix 1.
The main finding of the calibrated model is a good fit of the trend in labor taxes.
We assume that the conditions of Proposition 3 holds, so that labor taxes are given

by (using the extension of the stochastic labor skills case):

Tl(st) p(st)(l — 081)

—@(Z750m)(1 = L(s') + p(s) (1 — 60')

Assuming that p,(1—6]") is the actual realization of p(s*)(1— "), we can calculate
both an upper and a lower bound on the process for labor taxes. These bounds
come from the proof of Lemma 3 in the appendix 1: in the solution to the median
voter’s problem, his share is less than the unit and larger than the initial realization
in skills. In order to minimize the effects of the choice of the initial period, we set
0.79 < p(Z*;0™) < 1, where the lower bound is given by the average value of skills
in the data.

In Figure 3 we show the bounds on the process for labor taxes. Since we do
not use the numerical solution of the model to calculate these boundaries, we have
chosen to set the aggregate labor allocation equal to its values calculated in the

data. If instead we set the aggregate labor allocation to be equal to the average
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Figure 3:

value in the data, the picture would be very similar.

Growth (%)

Data Upper Lower

Original Taxes  Modified Taxes Bound Bound
1962-2001 66 33 63 68
1962-2003 43 20 67 72

Table 3: Increase in labor taxes accounted by the model.

If we consider the period 1962-2001'2, the model accounts for about two times

the growth of labor taxes observed in the data. In appendix 3 we show the same

3This specific period does not include the significant decrease in average labor taxes between

2002 and 2003.
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picture, but for the case where o = 2.

Next we highlight some statistical properties of the calibrated economy. More-
over, we compared some properties in the data with two specifications of the cal-
ibrated model. In the first specification, labor skills are constant over time. The
second specification is the one with stochastic labor skills. As one can see in Table
3 below, the model with constant skills yields almost zero variation in labor taxes,
in line with the findings in Chari, Christiano, and Kehoe (1994). When we feed in
the model the variation in skills to match the variance of the ratio median to mean
wages, the economy matches the signal of the comovements between taxes and the
relevant aggregates. The discussion in section 6 points out that the model without
skills shocks should yield a correlation between labor and taxes equal to one. Since
in the data the correlation between inequality of wages and TFP is negative, a priori
the sign of the correlation between labor and taxes is ambiguous. The net effect in

the calibrated model changes the correlation between labor and taxes to negative.

Statistics Correlations
Mean
St.Dev.AY StDev.L Tax StDev.tax] 1-AY 1-AL T-L
Data 0.02 0.01 0.26 0.02 -0.4 -0.1 -0.7
Model Fixed Types 0.02 0.002 0.26 0.001 0.7 0.2 1
Model Changing Types 0.02 0.006 0.26 0.009 -0.6 -0.2 -1

t: Laborincome tax
Y: Aggregate output
L: Aggregate labor

Table 4: Selected statistical properties of the model, o = 1.

Finally, it turns out that the signal of the correlations presented in Table 4 are

48



sensitive to the chosen value for . Table 5 shows the correlations when o = 2 and

the appropriate change in the values for (pg, pr) is done.

Stanstcs Correlations
Mean
St.Dev. AY StDev.L Tax StDev.tax] 1-AY 1-AL T-L
Data 0.02 0.01 0.26 0.02 -0.4 -0.1 -0.7
Model Changing Types 0.02 0.005 0.26 0.01 0.7 0.2 0.9

t: Labor income tax
Y: Aggregate output
L: Aggregate labor

Table 5: Selected statistical properties of the model, o = 2.

10 Conclusion

In this paper we show how heterogeneity shapes redistributive fiscal policy when
individuals have balanced growth preferences and are heterogeneous with respect to
both labor skills and initial wealth.

We show that the best tax sequence for the type with the median labor produc-
tivity cannot be defeated by any other policy. If only one dimensional heterogeneity
is considered, i.e., either labor productivity or initial capital heterogeneity, no addi-
tional assumption regarding the distribution of types is needed. When both types of
heterogeneity are taken into account simultaneously, a linear restriction about the
initial wealth is required.

Regarding the characterization of the most preferred allocation by the median

type, we show that if her skill is less than the mean, labor taxes are state dependent
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and always positive. Using a partial derivative argument at the solution, we show
that labor taxes are increasing in the distance between the mean and median labor
productivity. The results regarding the capital taxes are the same as in Bassetto
and Benhabib (2006): taxes are always either zero or at the upper bound.

Through most of the paper we assume that skills are constant, which implies
that inequality is independent of the economy’s aggregate state. When skills evolve
stochastically over time, but preserve the ranking among agents, a temporary in-
crease in inequality could imply either higher or lower labor taxes, depending on
the sign and level of the correlation between inequality and aggregate labor. In an
economy without capital accumulation, we present a numerical example where both
cases can occur.

A numerical solution for the model without capital accumulation is provided.
We found that labor taxes inherit too much the changes in inequality measure by
the distance between mean and median of wages in US.

The findings presented here may be useful for economies in which voting occurs
sequentially over time. Also the strategy of the proof for the median voter result
may be used in economies in which agents decide over objects other than taxes, but

preferences are homothetic.
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Part III

Sequential Voting and Time

Consistent Redistribution!*

11 Introduction

This Chapter analyzes the role of reputation in influencing political outcomes about
fiscal policy. We consider a class of dynamic economies populated by agents that are
heterogeneous with respect to initial wealth and vote sequentially over possible fiscal
policies. This fiscal policy is restricted to redistributive linear taxes on accumulated
wealth and labor income. In each period society decides the current fiscal policy ac-
cording to a variation of the majority voting concept in Bernheim and Slavov (2009).
The basic feature of this equilibrium concept is that current choices of both taxes
and individual decisions imply different continuation policies. The first result is the
existence of a Dynamic Condorcet Winner which coincides with the preferences of
the median voter, the agent holding the median wealth at time zero. When agents
have balanced growth preferences one can replace the majority voting criterion by
the following condition about the equilibrium candidate: after any history of taxes,
the median voter should prefer the outcome path generated by the candidate equi-

librium to any other possible path, holding individual’s decisions fixed. The second

4 This chapter is coauthored with Anderson Schneider
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result is a characterization of equilibrium outcomes when preferences are logarithm,
production function is Cobb-Douglas and there is full depreciation of capital. The
most preferred competitive equilibrium for the median type with commitment can

be sustained as an equilibrium outcome for high enough discounting.

12 Economy

There is a unit measure of agents in some interval IC R. Each agent is indexed by the
initial capital stock £} € [ko, ko]. The distribution of initial capital is represented
by the c.d.f. F(-) with mean Ky and median denoted by kj* < Kj, unique by
assumption. Let §° = % represents the proportion of type i in the initial wealth.
Also consider © = {0|3 k{ € [ko, ko] with 0° = k—‘z}

Time is discrete and the economy lasts forever. At each point in time there are
three goods in the economy: consumption good, capital and labor. The output at
time t is produced by competitive firms using a Cobb-Douglas production function.

The aggregate resource constraint is given by:
Ci+ Kip1 < F(Ly, Ky)+ (1 —90) K,y (16)

Each agent has an endowment of one unit of time in each period. If agent type
6% consumes the stream {ci, 1 — [:}?°, of consumption and leisure, then its total

discounted utility is given by:
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1-8)) Bulc,1-1)
t=0

[ex(1-)t =] 7
1—0o

where we assume balanced growth preferences, i.e., u(c,1 —1) = if
o# 1, or alog(c)+ (1 —a)log(l —1) if o = 1.

Firms rent labor and capital from households paying rental prices w; and 7y
respectively. In each period the government levies marginal taxes on both labor and

capital income that are used for redistribution. The sequence of budget constraints

is given by:

Ci + aiH S 7’75(1 — Tkt>aé + +’wt(1 — Tlt)lg + Tt

where Ty = Fj K7yt + Fiy Ly and ai € A' = [a%,@’] is the bond holdings of agent
i. The bounds [a, a] are chosen to be large enough such that the constraint is never

binding when (1 — 75) > 0.

We use the following notation to denote the distribution of wealth in the econ-

omy at the beginning of time ¢: Aa; = (a})|gery-

13 Dynamic Condorcet Winner Equilibria

Next we proceed in order to define an equilibrium. The definition is similar to

Bernheim and Slavov (2009) in an economy having a state variable. It is not exactly
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equivalent since we do not constraint the analysis to one shot deviations only.
Let h! = (79,71, ..., 7¢) be the histories of previous policies, with 7 € [—7;,7;) X

[0,75]. Let H~' = 0 and H' = ([—1,,7) x [0,74])".

Definition 2. A fiscal policy (FP) program is m = {m}t>0 with m : H™t —

[—7;,71] % [0,7x] for allt > 0.
Let IT be the set of FP programs. For each h?, let A%(h?) = (ci(h?), Ii(h?), aziprl(ht)).

Definition 3. An allocation mapping is A = (A%)]i such that A' = {Al};>0 with

Al HY — R3 for all t > 0.

A pair (7, A) generates a unique outcome path {7, A;};>¢ from the history
hoy =0: 7 = 70(h_1), (c, 1y, a%, ki) = Aj(ro(h—1)) and futures fiscal policy and

allocations are generated inductively by hf = (h!=1, m,(h'=1)).

A FP program 7 and an allocation mapping A induces after history h*~! € H!~!

a continuation (7, A)|p:—1. For all s > 0, h* € H*:
Tl (h®) = T_14s (R, %)
Alpe-1(h*,7) = A_15(R71 05, 7)

Definition 4. For every h'~! € H'™1, the continuation of a FP program T is
7¢(ht=Y) = (m(REY), meg 1 (REY, m(REY)), L), e, the continuation history induced

by .
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For every ht™1 € H;_y, denote A(m°(h'~!)) the unique outcome path of individ-

ual allocations generated by |;:—1 through the allocation mapping .A.

Given kf|; and a pair o = (m,.A), we say that the policies and allocations gener-
ated by (7[,.—1, Alpt-1) is a CE at time zero if there exists a sequence of rental

prices {ry, w;: }72, and transfers {7}}{°, such that:

1. Given prices, taxes and transfers generated by =|[,,_, the sequence of alloca-

tions generated by (7|, .1, A|jt-1) solves the household’s problem.
2. Rental prices solve the firm’s problem.

3. Aggregate resource constraint holds.

Given (at(ho), k% (ho) from a CE starting at time zero, a CE starting at history
ht can be defined recursively. For each h!, there exists an associated distribution of
wealth Aay(ht).

Finally, given a pair ¢ = (7,.A), a history h'~! and associated distribution of
wealth Aa; let U'(Aay, o|,i-1) be the utility attained by household type i under the

allocation generated by (7,1, Alpt-1):

U'(Aay, olpe—1) = (1 B8)> B ui(c), 1 - 1,/67) (17)
s=t
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Definition 5. Given a pair (w, A) and an alternative FF program 7, if in history

htfl

Ui(Aat,O"htfl) > Ui(Aat,%’htl,A‘htl)} > 1/2

A

we say that the continuation |, defeats by magjority the continuation 7|y given

Alpi-1 and we express (m|pi—1, Alpt-1) =ar (7[pe-1, Alpe-1).

Notice that the continuation (mapping) 7|, is different from 7¢(h') (a linked

sequence of taxes).

Definition 6. Let w be a FP program and A an allocation mapping. We say that

o= (m,A) is a dynamic Condorcet winner equilibrium (DCWE) if:

(i) ¥ ht=t € Hy 1 with respective Aay, and for all 7y € [—1;,71] X [0, 7], let (7,4)

be generated by o|pe—1 7y - Then ¢ € T'(Aay, 7).
(ii) ¥ ht=1 € Hy 1 with respective Aay, and ¥ T|p—1 € 11 :

(W’htfl,A‘htfl) tM (%’htfl?.A’htfl)

Given a DCW equilibrium o, let is value ¥(Akg, o) de given by:

\IJ(Ak‘o, O') = UZ(Ak‘(), U)‘z

Clearly, the continuation of a DCWE equilibrium is itself a DCW equilibrium.
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Given an initial distribution of wealth Ak, the set of equilibrium payoffs is given
by:

V = {U(Aky,0)| o is a DCWE }

14 Competitive Equilibira Characterization

The characterization of competitive equilibria turns out to be crucial for the results

in this paper. In Lemma 13 we state the standard characterization in the Ramsey

literature.

Lemma 13: A sequence {ci,al,l};>0 with interior labor and consumption is a CE

allocation if and only if:
1. evaluated at the aggregate allocations, Cy + K11 < F(Ky, L) holds.
2‘ (]' - %k)ﬁFkt+luit+1 S uit S IBFkt+1uit+1

8. Ysothych = ulg(1 = 7o) Frok + X by (1 = 7e) Fili + T1]

l-a_L C _
4. Talth (1—’y)F(th,Lt) €el-7,1-1)

where T} = 73 Fo Ky + 114 F Ly

Proof: In Appendix B.

In the next Lemma we show that the each agent consumes a fixed proportion
of the aggregates. The proportion for each individual is given by the (after-tax)

present value of his endowments.
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Lemma 14: The necessary and sufficient conditions (1)-(4) in Lemma 13 are equiv-

alent to the existence of a function ¢* : © — R such that:
U Cy+ K1 = F(Ky, Ly) with [cl, 07 — [}] = ¢*[Cy, 1 — Ly]
2, (1 - %k)BFktJrluCtJrl S U‘Ct S /BFk?t+1uCt+1

8 o' = (1-8) [& (1 = o) Frok + Symg G- (1 = ) By - 1+ Ty) | and [, ' (i) =

1

y l—a Ly Ci =1 _
4 Y ell-7,1-1)]

where T} = T Fie K¢ + 110 Fje Ly

Proof: In Appendix B.

Because preferences are homothetic, Lemma 14 implies that, given taxes, two
economies having different distributions of initial wealth but with the same mean
will have the same aggregate outcomes in equilibrium. Clearly, the distribution
of ¢ in the economy will indeed depend on the distribution of the initial endow-
ments. Also notice that the distortions generated by marginal taxes are enclosed
in the aggregates that determine the function ¢. The next Lemma shows that in

any point in time the wealth of individual i is an affine function of his initial share 6°.

Lemma 15: In any competitive equilibrium, a} = K; — S; + 86" for some S;.
Proof: The necessary and sufficient conditions in Lemma 14 generate the following

wealth levels:
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aft

. t . w
Ft(l - Tkt)rtai = 1‘:8901 - ZBS%[(l - Tls)ﬂs + Ts]
s=t S

Since ki = 0°Ky, ¢' is affine in 6 and therefore a} is affine as well . Because

f@ aédF(i) = K, we have that aé =K, — 8 + 80" for some S; O
Later we will show how &; evolves over time.

For the next Lemma, it is worth to explicitly express ¢’ as a function of the
aggregates and the type itself. Given a interior CE, let Z; = {C}, Ky, L;}. Then we

can express the individual share for type i as p({Z¢, 7t }t>0, kb)-

Define:

aIBt—n

n

«

e({Zi, i}z, al,) = (1= B) .

(1= 7hn) Finatl, + > (1 = 71) Fin + Tn)

t>n

Since competitive equilibria are recursive, in the sense that a continuation of a

equilibrium is itself a competitive equilibrium, the following result it is not surprising;:

Lemma 16: Given 7 = {7:}32,, let &* = {{ci*,1i*, al*};, CF, L}, K})}22, be an inte-

rior CE allocation. Then:

e({Zf i}ez0,. k) = 0({Z5, Ts}om, ar))

Proof: In Appendix B.
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Lemma 16 states that the continuation of a CE yields the same share for type i
when the economy starts at any time ¢t > 0 with initial distribution of wealth Aa;.
We use Lemma 4 to find a law of motion for S;. Since the share of each type at time
zero is equal to the share at t evaluated at at, we have:

o

60(1 — Tko)rng(G’ — 1) = a(l — Tkt)rtSt(HZ — 1)

Notice that the "slope” of wealth distribution at time zero is Kj.

Since ai = (K; — S;) + Sy, the share of individual i in the aggregate wealth at
time t is given by:
; ai St ;
0=t =1+ (01
i =K, + Kt( 0o—1)
Therefore, under the assumptions on primitives, the value of the median share

potentially changes over time, but the identity of the individual holding the median

share is constant over time.

15 Characterization of DCW Equilibria

We start this section by showing a version of the consensus result over sequences of
taxes presented in Chapter II. Roughly, the result says that, as long as heterogeneity
is one-dimensional and the individual shares are an affine function of that individual
characteristic, if the median voter prefers a sequence of taxes {7s}~; to {7s}o;,

[e.o]

then at least 50% percent of the population also prefers {7}>2; to {75} ;.
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More precisely, suppose that the economy starts at date t with Aa; given.
Consider also the endowment ai being an affine function of the characteristic 6.
Under the assumptions on primitives, the previous characterization of competi-
tive equilibria shows that each individual share is affine in the characteristic 6}
as well. Using the notation of the previous section, given a sequence of taxes, let
Zy = {Cy, Ky, Lt} be the outcome aggregate allocations at time t in the competitive
equilibrium. Then we can express the individual share for type i as ¢({Zs, 7s }s>1, ab).
Let V({Zs, Ts}s>t, at) be the present discount value of utility for type i in a compet-
itive equilibrium starting at time t, characterized by {Zs, 75} s>¢, when he has initial
endowment given by ai. The difference Vi({Zs, s }sst,al) — VI({Zs, 7 Y551, al) can

be expressed as:

' ' ({7 i 237 s s>t ‘
Vi{Zg,Tsbsots al) — VI({Zs, 7 bsnts al) = log ((,0({ Ts s>t at)) N

@({Zw%s}szt?ai)

+(1- 5)§:ﬁs—t [alog <gt> +(1-a)log (1 _é ﬂ (18)

s=t t — Lt

Agents in this economy evaluate the difference above by comparing the difference
in the (log of the) individual shares to the second term, which is not individual
specific. The next proposition shows that, for every {Zs, 75} s>+ and {Zs, Ts}s>t , the
following single-crossing property holds:

Proposition 5: Let = the space of sequences { Zs, 75 } s>¢ that satisfies the conditions

in Lemma 14. Suppose that ai is an affine function of the individual specific
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characteristic 0. Then, given any {Zs,7s}s>t , {25,%5}52t € =, the functions
log (cp({ZS,TS}SZt,aé)) and log ((p({ZS,%S}szt,cﬁD cross exactly once at al = K,
where:

({25, T Yomtral) = 1+ (1 = B) = (1 — 7, el

Ct

Proof: See proof in Chapter II.

Using Proposition 5 and Lemma 15, we have the following characterization of
dynamic Condorcet winner equilibria.

Proposition 6: Take a pair (w,.A) consisting of a allocation mapping and a FP

program. Then (7, A) is a DCW if and only if:

1. V ht=1 € H'! with respective Aa; , and for all 7y € [—71,, 7] x [0,7%], let

(7,4) be generated by o|(t-1 7)) . Then ¢ € I'(Aay, 7).

2. Vht-te H and V 7| €11

U™ (Aay, olpi-1) > U™(Aag, 71, Al

Proof: (If) Consider some arbitrary history h!~!. The outcome path of o|,i-1
is a competitive equilibrium and, by Lemma 3, it yields a distribution of wealth
Aa; which is affine in 96. Given Aa;, then by the single crossing property , if
U™(Aay, o|p-1) > U™ (Aay, 7| -1, Alpe—1) we have that Ut (Aay, o|pi-1) > Ul(Aay, T|pe-1, Aljpi-1)
either by all 8" < 6™ or all ¢ > ™. This implies (7|pe—1, Alpe-1) =pr (F|pe-1 Alpe-1).
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Since the history h'~! was arbitrary, conditions 1 and 2 in the statement imply

that (7, A) is a DCW.

(Only If) Let {Zs, 75 }s>¢ be the outcome path of taxes and aggregates generated
by o|j:-1 and {ZS, 75} s>t the respective outcome generated by 7|1, A|p:—1.Suppose

that (m,.A) is a DCW and that condition 2 does not hold at some history h':

Um(Aat, O'|ht—1) < Um(Aat, %|ht—l,¢4|ht—1)

This can be rewritten as:

log(o({Zs, Ts}s>t, i) — 10g(90({2877ﬁs}82t> a;")) > V({Zs’%s}szt) —V({Zs, 7s}s>t)

By the single-crossing property, since the median type prefers one to the other,
more than the majority supports the alternative path, which contradicts (7|pe-1,Alpt-1) =m0

(Flpi1 Alpe—r) O

Proposition 6 simplifies to a great extent the task of checking the requirements
for a DCW. In particular, condition 2 in the definition of a DCW can be replaced
without loss of generality in this economy by the second condition in Proposition
6. Therefore the condition that the continuation 7|,: defeats by majority any other
plan, given the individual decisions of agents, is replaced by a time-consistent re-

quirement. Moreover, time-consistency is evaluated at the median’s allocation on
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the outcome path given the distribution of wealth after any history of taxes.

As a byproduct of Proposition 6, DCW equilibria in the economy considered here
is equivalent to sustainable equilibrium (as in Chari and Kehoe (1990) and Phelan
and Stacchetti (2001)) in which the government sets redistributive fiscal policy and

assigns welfare weight equal to one to the median type.

In the last section of the appendix we show that the aggregate allocations are
bounded in any competitive equilibrium. Given discounting, this fact allow us to

restrict attention to one shot deviations from the candidate equilibrium 7 € II.

Definition: A FP program 7|,:—1 € II is an one-shot deviation (OSD) from program

W’ht—l cll at A1 e H,_q if:

1. T|pe-1 # me|pe-1; and

2. %3_1‘;11571 (hs) = Ws_l‘htfl (hs) for all A%, s > t.

Definition: A one-shot deviation (OSD) 7|;:—1 € II is profitable at A~ € H;_; if,

by holding A|;:-1 fixed, we have:

Um(Aat, (%‘htfl , A’ht—l) > Um(Aat, W‘htfl , A’ht—l)
Corollary In a DCWE, condition 2) is equivalent to:
vV b7t € H'™!) does not exist a profitable OSD 7|,:-1 € IT from 7|1 at ™' € Hy_4
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16 Existence of Equilibrium - Log case and full depre-
ciation

We will show an equilibrium in which, for all A=t m(h'™1) = (T, ) for some

7;°. Moreover, the assumptions that both utility is logarithm and full depreciation

allow us to get close form solutions. In order to show this equilibrium , first we

characterize CE for policies in which 7 = 7 Vt.

Lemma 17: Suppose that utility is logarithm, § = 1 and 7 = 7y Vi. The CE given

{7k, 71 }72 and initial distribution Akg is given by:
1. Cf = ¢'Ci, 1 —1f = ¢'(1 — Ly)
2. Cp= (1= By(1 = 7)) F (K, L)
3. Kiy1=0Bv(1 —74)F (K, Ly)

4. Ly is the unique solution to ftLt = (1_0[5%(_1?%)_)7(?)_&)

5. ¢ =1+ (1= B)[& (1 — 7,) FiuSe(0° — 1)]

where S; evolves according (1 — 7o) FroKo(0F — 1) = 2 (1 — 7,,) FruSi(0° — 1).

t

Next, consider some history h! with (Ky, S;) given. Imagine the situation of the

median type choosing her best current tax on wealth and a sequence of constant
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taxes on labor given that future taxes on wealth are given by 7 (and that the
continuation of the allocation plan is given by the rule in Lemma 6 above with

Tks = Tk Vs >t and labor taxes constant).

Given that the continuation of both the FP program and the allocation, labor

is fixed over time. Then the problem reduces to:

(67

max log (1 +(1- B)a(l — 7, ) Fre St (6™ — 1))—1—(1—6) [Z B talog(Cy) 4 (1 — o) log(1 — Ls)
)Tl p

Y _ a(l—y)(-n)
Ls =L =13¥s 2 1, ¥ = qopamo)i-a)

] E=a- TR)LI T
S.T.

Cs = [1 = By(1 —7p)|F (K, Lt)

Kt, St given
\

In the problem above, the choice of 7¢; only affects the share for the median

type. The choice of 7; implies a choice for labor L; = L for all s > t. Using the

constraint set, the return function becomes (up to a constant):

log (1 (- 5)%%(9”’ - 1))+ [a(l — ) log(L) +

ayB(l —~)

g log(L) + (1 — «) log(1 — Ls)

The best choice of 7y is to set wealth taxes at the upper bound. The (constant)

. . . . tri —7T . tri
labor tax that maximizes the return function is ;""" = % Notice that 7,99
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corrects the intratemporal distortion completely when capital taxes are set in the
upper bound.
Now consider a slightly different problem given history h! ((Ky, S;) given): choose
trigger

(Tke» T1¢) given that future taxes are (7y,7; ) in all periods in the future.

The return function(up to a constant) is given by:
log (¢™)+(1-8) [alog(Ly ) + (1 = a) log(1 — Ly) | +Blalog (K. )| +5alog(K].) +...

where
Ky = [By(1 = 7) K, L; ]
K _ 1 — 7 V)KY Ll—’Y — 1—7F 1+’YK'YQL(1*'Y)WL1—W
t+2 = [B( Tk)] t+14¢4+1 [B( Tk)] t Lt

2
(1—y)7Y
Kipo = [By(1 7)) P KL, 00

. . tri
where L is determine by 7,9

Then we can rewrite the return function as:

log (gpm)+(1_ﬁ) [Ol(l — ’)/) log(Lt) + (1 — a) log(l _ Lt)]+Ck’Y Z Bs_t[lOg((Ltl_v)757<t+1>)]
s>t+1

or after some little work:

log (¢™) + (1 — B) [e(1 — ) log(Lt) + (1 — a) log(1 — Lt)] + log(Li)ary [B(1 — 7) + B2(1 — y)y + B2 (1 —9)7* + ...]

ayB(l —7)
1—98

a(l=Tk)y St

10g(1+(17ﬁ)17ﬁ7(17?k)z

o™ — 1)) + [a(l — ) log(L) + log(L) 4+ (1 — a)log(1 — Ls)}

as before. Therefore, given future taxes and allocations driven by the ”expecta-

tion” than taxes will be (7y,7 ") in all periods in the future, the best choice for

the median type at time t is indeed (73, 711) = (?k,Tltrigger).
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Lemma 18: The following o?"%99¢" is a DCWE:

e Fiscal Policy Program 7"%99¢": ¥ ht=1 ¢ H*=1 1,(ht~1) = 7 and 7 (R 7)) =

i
7 rigger

—TrYB
=8 "

e Allocation plan A'%99¢7: ¥V ht=1 € H'=1  given inherited Aay,V (7, 7) € [~7;, T1] X

[Ov?k] :
1. Ly(ht) solves £, = (1_%%1);;)—)2)_ -
trigger
2. Ls(h®) solves % — (Oi(jg;y()l(i;:z))(gia)) for all s > ¢

3. Ci(h) = [1 = By(1 — Tp)|F (K¢ (h'), Li(hY))
4. Ki1(h') = By(1 = 7)) F(Ky(h'), Ly(h'))
5. ci(h') = @'Cy(h'), 1 = Ii(h') = ' (1 — Ly(h"))

6. o' =1+ (1= B) gy (1 = 7) FuSi(0" — 1)

Proof: We use the OSD result.First, given future policies and allocation plan, we
just have shown above that the best choice for the median type, after any history,
is to set (Tge, Tit) = (?k,Tlmgger). Therefore there is no profitable OSD evaluated at

median’s utility. Finally, for all (7, 7) € [—1;, 7] X [0, 7], the continuation of the

allocation plan is a CE given taxes generated by = [

Given ¢'"99¢" and history h*~! with (K;, S;)(ht™1), denote by V™r99er (K, S,;)

the value of the utility for the median type under o997 |, 1.

68



Proposition 7: Let 2* = {Cy, Lt, Kt, §:}72,. Then z* is the outcome of a DCWE

if:
1. z* is a CE at time zero.

2. 3°0,(1 = BB~ um(xg) > Vmirigser (K, Sy) for all s > 0.

Proof: Suppose we have such a sequence z*. Then we construct a equilibrium that
sets * as the equilibrium path (taxes calculated from x* as usual) and that calls for
reversion to o"99¢" if a deviation occurs in any history. Using the condition, such

a sequence is the outcome of a DCWE.

17 Commitment Solution is an Outcome of a DCW

Neglecting the bounds on labor tax, under commitment the best tax sequence for

the median type is given by:

max o log (1 + G (1= BYF (Ko, L) (0" - 1)) +t2:; B[ log(Cy)+(1—a) log(1—Ly)]

Cy+ Kip1 < F(Ky, Ly)
s.t.
Ciy1 > B(1 = Tg) Fy,, . Ce 20

Let A¢ and v be the multiplier associated with the first and second constraint

respectively .

. T al-1)
Lemma 19: Let L = q—ratay, - If
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A(1—7)(1 - 6™)

Al 4 (1 =) = ™) (1 — a1l - B)

< Tk

then ¢ = 0 for all t in the solution to the problem above.

Proof: In Appendix B.

Using the lemma above, we have that the sequence of taxes {7;};>0 in the

commitment solution is:

1. 7—]:0:?]67 O<7‘;:1:<7k, T;S:OSZQ

The aggregates in the CE generated by {7 }+>0 are:

1— By(1—r
1. Co = P52 F (Ko, L), Ki = TS P(K, Lo)

2. Oy = (1 - BY)F(Ky, L), Kp1 = ByF(Ky, L) s > 1

Lo _ o(l1-v)(1-mp)
3. Lo solves T—Ls = 151 (1_a)
1=Bymry

4. Lg solves 1ESLS = (kaﬁ(ﬂl/)_(z)ia) for s > 1.
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Claim: In the outcome path of the commitment solution, under condition of Lemma

19, we have:

S _(-m)A-fri) S
K 177, e

=1 =7)(L = By7i1)
Proof: Along the path of any CE we have:

a(l — 7k, ) FroKo _ a(l — 7k, ) FiuSe vt
Co Ct

Given the characterization of aggregates above we get the claim [

Proposition 8: If preferences are logarithm and § = 1, there exists 5* € (0, 1) such

that the solution to the median voter’s problem under commitment is the outcome

of a DCW.

In order to check that the commitment solution is an outcome of a DCW, we

use Proposition 7. For t > 1, Li"99¢" = [* and:

m * * m,tri * *\ (pm 1*57 a/B'Y —

VIR S8 SV S = s <so§'”g> +a10g(1fﬁ’7(1*?k)) Tiogy st
Also @' > o™ if B < 1, with equality if 3 = 1. The last term in the

expression above, g(/3), is such that ¢g(0) = 0 and ¢'(8) > 0. Therefore 3 B<1

such that the difference is positive. Similar reasoning remains for the condition 2)

in Proposition 7 at ¢t = 2.
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Part IV

Appendix A: proofs of Chapter 11

17.1 Proof of Lemma 1:

Here we prove the sufficiency of conditions (1)-(3). First, use the function ¢(-) and
Z to construct the individual consumption and labor allocations.

Set after-tax prices as:
p(s') = B'Pr(s"hUSF (s") = B'Pr(s') E(p)a/C(s"), p(s0) =a/Co

p(sHw(s") (1 = 7(s")) = B'Pr(s") E(p)(1 — ) /(1 = L(s"))
And

r(s") = Fi(s"), w(s') = Fr(s'),p(s") = Y p(s"HR(s")

If0 < % < #@ for all st, then one can check, using the solution to the static

problem, that the following necessary first order conditions are met for all s’ and

1 €]0,1]:
U(c*(s';0), 1-1*(s%;0)/0)+U.(c*(s%; 0), 1-1*(s"; 0) /0) (w(st)(l—n(st))>] [1—1*(s%6)] <0

The transversality condition (Tve) im0 >4 p(s")k(s%;0) = 0 is satisfied because
it can be shown that individual capital allocations are an affine function of the ag-
gregate capital stock. At the equilibrium prices, the Tvc is met, since the aggregate

allocations are bounded in the product topology. Finally, using 10, we can get the
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budget constraint back. Condition (2) in the competitive equilibrium definition is
satisfied by construction. As usual, the government budget constraint can be re-
covered using a version of the Walras’ law. Taxes on capital can be constructed in
many ways, and taxes on labor are constructed using the definition of prices and

w(st) =Fr(s) A

17.2 Proof of Lemma 2:

Let = be the set of allocations Z = ({C(s), L(s"), K (s')}1>0, T < 0,74o) with ag-
gregate labor allocation bounded away from zero, the resources constraint satisfied
for all periods, and the Euler equation satisfied with weak inequality.

For any Z € 2, let L(Z) = inf{L(s")};>0 and define 6(Z) to be the solution to:

6 €10,1]
inf 6 s.t.
0(Z:0) < 1y
Claim: 6(Z) is bounded away from 1 for all Z € E.

Proof of the claim: Because of the linearity of ¢(-) in types, it follows that ¢(Z;6 =

1) = 1. {L(s")}+>0 is bounded away from zero, and therefore 1—[1,(Z) > L for some

€ > 0. The claim follows.

Define 6 = sup {0(2) : Z € E}. Because of the claim above, 6 < 1. Then it is
straightforward to check that 0 has the property stated in the Lemma. In particular,
if 0(Z) satisfies the second constraint in the inf problem above, then it satisfies that

constraint for all L(s) C Z) O
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17.3 Proof of Lemma 3:

If the statement is not true, then in the solution to P(M) we have T* > 0. The

value of the program P(M) can be written as:

P(M) = = og(¢(Z°,6™) + V(2"

where p(Z*;0™) and V(Z*) are given by (10) and the last part of (11) respectively,
evaluated at Z*.

Now fix 7'= 0. For any Z € 2 with 7' = 0

o -~ o o~ —
p(Z;6™) = (1-B)e" ARO—('Y:TH Y Ro(K_y — ) + UL
Co 0 Co

= o™ +€(Z)

for some (Z) > 0. The last line comes from the constraint (MKT), 6™ < 1 and
v > 0.

Next, define the feasible allocation Z € E with T'= 0 as:

Z e argmax e 1, i r.01V (2)

C(st) + K(st) < F(L(st), K(st71), st> +(1—=0)K(s71) Vst (RC);
-7 sty —
ot = C(lst) > 6Zst+1 P1°(8t+1|5t)[1+(1 c)((ikfl) ) 6)], Vst (UB);
(1= 8) [ & Rok-1(8) + 0UL| > 0 (NN):
Tho < T, K_1 given

Clearly, the constraint NN will never bind. Therefore the value of Z in terms of

7



utility is given by:

A 1 )
P(Z _ Lo (6™ 1V (5
( ) {07L7K7Tk0}g%%)é7UB,TkO§I) )} 1 — B Og( )+ ( )

- ! ; 1og(9m+5(2))+{

Then, since Z* solves P(M ), we have that:

P(2)-POM) = 2 [log(0™ +£(2) - log (1 ) (C‘)‘g(Rz;(vk (o =) =1 omue) )|+

+V(Z)-V(Z*)<0

By definition of Z it must be the case that V(Z) — V(Z*) > 0. In addition notice

that 0™ > (1= B) (& (R§(m + (K1 = %)0™)) = T +0™UL*). Tf not, we would
have

o™ < (1- m(g‘gmsm + (K1 —)0™) = T* + 0" U L")
or

«

o 1—(1—5)UL*—(1—5)CS

R(K_ w] <(1-8) [—T* + & (o)

Condition (4) in Lemma 2 implies that (1—/5) (Cig (R§(ve+(K—1—,))—T*4+UL*) =

1. Replacing this condition in the inequality above yields:
0"(1—p)(=T") < (1= B)(-=T7)

But since T* > 0 the above inequality implies #” > 1, a contradiction. There-
fore, 6™ > (1 — B) <%(R6(7k + (K1 —y)0™) —T%) + GmUL*). This last strict
0

inequality implies P(Z) — P(M) > 0, a contradiction H
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17.4 Proof of Lemma 4:

Proof. The following slightly modifies the proof in Bassetto and Benhabib (2006).
If the claim is not true, then {C*(s"), K*(s")},,. . does not satisfy the first order

conditions in the following problem:

o B, Z; B Pr(s") [alog(C(s")) + (1 — a)log(1 — L(s"))]

i -
st>st ot ot

s.t. ﬁ = E(WD(G) Ta TkU))C&O + UL

K*(s"), K_1, T*, Tho and {L*(s")} . ;& given

Then it follows there must be an alternative allocation {C/(s'), K (s) st>gi Satisfying
the constraints above that yields a higher value for the return function.
Let st st with t > # denote a history s that does not follow the history st.
Since the utility for the median type is increasing in the value of the utility for

the mean type, it follows that {C(s'), K(s")} .. ; and K_1, T*, 140, {L*(s")}s>0,

st>s

{C*(s"), K*(s") }1<7 and {C*(s"), K*(s") } 4., i a feasible allocation for the median

voter’s problem that improves the objective function, a contradiction O

17.5 Proof of Lemma 5:

Proof. By Lemma 4 constraint (NN) can be disregarded. Let p be the multiplier

associated with the constraint on 739. Then the Foc for 74 generates:

(1—-6m) Co 1
o(0m) M aK =) (Frg — 0)

(19)
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Therefore p > 0, which implies that there is a corner solution for 759. Next, define
Ry =1+ (1 —7)(Fk, —9). The first order conditions without considering the

conditions in (UB) imply:

1 1—-6m 1 1— 8+ Fi(sh)
CRy(K_y — )~ —gp |0
Constraint (UB) at s is satisfied when:
1 (1-6") T(Fi(s') —9)
_ _ RS SIS <
CgRO(K,l Vi) o0 E [ D) | so| <0 (20)

Because of the log utility function on consumption, any solution will have Cj > 0
regardless the size of K_; —7; > 0. From Lemma 3 we have that 6™ < o(Z*,6™) <
1. Therefore the above holds when § = 0 and K_1 —y;, is arbitrarily close to zero.As
it is well known from Chari and Kehoe (1999), the process for taxes on capital
income as a function of implementable allocations is not uniquely determined. In

particular, as in Werning (2006), one such process can be constructed by:

L+ (L= n()F(G) =8 _ Uds) Val®™2) o
1— 0+ F(sh) Vo (0™, 2)  U(s))

where V(-) stands for the objective function in the median voter’s problem. Then

using (19) the expression yields:

1+ (1 — 7(s1)(Fr(sh) — 9) _ 1/Cy
L=ot Fk(SI) [MaCo(?go—é)} + 1/00

Clearly, the above equation implies that 1+ (1 —74(s!))(Fr(s') —6) < 1 -3+ Fi(s!),

for all st

and in turn that 7(s') > 0 for all s'. This proves the second line.
Finally, the Foc’s without considering UB satisfy the constraint for all ¢ > 2.

Furthermore, the implied taxes on capital returns are zero O
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17.6 Median Voter Result and Characterization in the General

Case

As in the main part of the paper, set p(0) = 1/A(0), where () is the multiplier
related to the present value budget constraint of type 6.
Working with the first order conditions with respect to individual consumption

and labor yields:

7(17%7)(170) 1o
(6.0 = o) = w(0)C()
Jo 0™ SF 0 0) 00
st 70(1_:)_1 1/o
- O =w@ - L)
Jo 0= =T 11 (0) a0

and

t a—1
pe) = e (- 1) |
C(sh) ]a
)

P - a(s) = (- lCE) - e | E0

where & = [, 07"~ o7 (0) £(6)db.

o

[Cha-reh) o]
1-0o

Let UCF(C(s), L(s"); @) = . As in the logarithmic case,

replacing prices and individual allocations in the budget constraint for each agent

yields:

ZﬁtPr(st)wc(ﬂ)a(l — o) UYE(C(sh), L(s")) = Ug)EWO(H,T, Tko)

137 BPr(sh) (1-a) [C(s1)7 (1 — L(s1) =] ™7 (%) 61— wr(6) (1— L(s")]
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Let UL =Y, B'Pr(s')u <C(st), 1-— L(st)> %, then we can write

(1 —0)we(0) Z B Pr(sHUCE(C(sh), L(sh)) = UC%EWO(G, T, 1k0) + 0UL

Where we have used the fact that w.(0) = 6w (), then

go(@)l/"e—(l—a)(l—o)

o V(Z) = USPWo(0,T, 7o) + OU L

(1-o0)

where V(Z) = 3, BtPr(sY UCE(C(s'), L(s")).
Therefore
90(0)1/0 [U(%EWO (97 T7 7—kO) + HUL}

= >
@97(1—02(1—0) (1 _ U)V(Z) - 0 (21)

The utility of any agent in a particular competitive equilibrium is given by:

v(z:0) = TE PO O ln@ (- L™} _ fe@enlo) )

1-o —a)(l—0c
but notice that (wc(Q)awL(Q)l_"‘)l_U = “"gf_f: o~ =52 S0 we have:
(9)11 (1—a)(1=0)
V(Z:0) =2 S0 T V() (22)
Finally, substituting (21) into (22) generates
USGFWo(0,T gUL]'—"
V(2:0) = W Wol0. T o) + 6ULI 77 (23)

pu=I0-(1 - )V (Z)]'
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Given two competitive equilibrium allocations Z, Z € T, type 0 prefers Z to Z iff
V(Z;0) > V(Z:0), or alternatively, log(V(Z;0)/V(Z;6)) > 0.

Equation (23) can be used to compute the ratio V(Z;0)/V (Z,0) as

V(Z:0) [ [USEWo(0,T,m0) + 0UL]\ ~ [&V(Z;0)\°
V(Z;6)

~ \[USEW, (60, T, 710) + U L] oV (Z:0)
Proposition 1.1: (MVT - Inequality in both labor skills and initial wealth)
Suppose the initial wealth is an affine function of skills, i.e., ko(6) = v1 + v20.
Consider any Z,Z € 2. If ™ € §

7.7 then either [0,0™] C S, ; or [0™,0] C Sy 4

Proof. Wg(T,ﬁgo) can be written as WO(T, 7o) = a + Rwef. Then consider the

following derivative

V(Z;6) ~ PN
Olog (V(2;9)> — (o) UL+ vy RUGF B UL+ RunUSE
a0 [UGEWO(T, mho) + U L] [UGEW(T, 7o) + OU L]
— (1o aUSP (UL + RnUSP) — aUSF (UL + RupUSF)
[UCCOEWO(T, TkO) + QUL} [UCCOEWO(T, 7A'k0) + QUL]
Therefore, as in the log case, the sign of the derivative does not depend on 6. O

17.6.1 Characterization

The objective function for the median voter problem is given by:

Ueo[Wo (0™, T, 7o) — E[Wo(0, T, m0)]] + (6™ — UL + (1 — o)V (2) }1_”

V(Z,0™) =V (Z) { (1-0)V(2)]

(24)
where V(Z) = Y, Bt Pr(shUCF(C(s!), L(s')) and UL = 3, BtPr(st)u<C(st), 1-—
L<St>> O-o)ize)
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In the general case, problem P(M) becomes:

max V(Z,0™)
{C,L,K,T,m0}

O(st) + K () + g(s') < F(L<sf>, K(s'), ) (- K (RC):
Uslst) > B3, PrlsenalshUa(s (1 + (1~ D)(Fu(s*) —8)]  (UB)
840 USEWo(8. T 7o) — E[Wo (0, T, 70)]] + (0 — WUL + (1 — 0)V(Z) > 0 (NN)

(1—0)V(Z) = USEE[Wy(0,T, mo)] + UL

[ TROST
The return function in the problem above can be written as V(Z, ™) = [x(Z,0™)]'=°V (Z),
where x(Z,0™)' is the first part of (24):

Ueo[Wo (0™, T, 10) — E[Wo(0, T, 70)]] + (6™ — YUL + (1 — 0)V(Z)
(1-0)V(2)

x(Z,0™) =

It can be shown that the partial derivatives are given by:

. L Q=0 [ —1)(1 -«
Vo (st) = ppa(atieczomi= { S [ EE=0m ) o v (25)
O™ —D(1-a)1l-0)—1 1-0o

VL(s") = B'Pr(s)) (2, 0™)] { S+ o} Un(sh)  (26)

(1 = L(s")]x(Z,0™) x(Z,0m

With some abuse of notation, let:

t m —0o 1-0o 0" —1)(1 -« m —(0™ —1
a(s') = [x(2,6™)] {><((Z,9"3) [( 17L)Est) )+1}+a}, b(o ):quEst))X(z),gm)

Lemma 9: If 9™ < 1 then in any solution to P(M) we have ™ < x(Z,0™) < 1.

Proof. Clearly x(Z,0™) < 1 when ™ < 1, so we only need to show that ™ <

x(Z,6™). First, without lost of generality assume that by(6) = 0V6. Then Wy (0, T, 1) =
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Yk + (Ko — )0 — T because Ry = 1 at the optimum. As in the proof of Lemma
4, in the solution to median voter problem (with 6™ < 1) we have T' < 0. Then it

must be true that:

0 < Ueo[—(0™ = Dy + (6™ — 1)T]
= U [(0™ — 1)(Ko —v&) — (6™ — 1)Ko + (6™ — 1)T]
= Ueo [Wo(0™,T,7r0) — E[Wo(0, T, 70)]] — (0™ — 1)Uco E[Wo (0, T, To)]
= Uco [Wo(0™, T, Tko) — E[Wo (0, T, 7x0)]] — (™ — 1) [Uo EIWo (0, T’ 70)] + UL] + (6™ — 1)UL

= Uco [Wo(0™, T, 7o) — E[Wo(6,T,7ko)]] — (6™ — 1)(L = o)V + (6™ — UL

Where (1 — o)V = U E[Wy(0,T, 7i0)] + UL from the MKT constraint. The

last inequality can be written as

Ueo Wo(0™, T, ko) — EIWo(0,T, T0)]] + (0™ — 1)UL > (0™ - 1)(1 — o)V

or,
Ueo [Wo (0™, T, Tho) — E[Wo(0, T, 70)]] + (6™ — 1)UL m
+1>40
(1-0)V
But the left hand side of the last inequality is simply x(Z, ™). O

Lemma 10: If ™ < 1 and 1 < 0 < 4, then in any solution to P(M) we have

a(st) > 0 for all st.
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Proof. First, consider the case o > 1. a(s') is greater than zero as long as:

(I—-0) [(0™-1)(1—a)

N ) +1|+0>0
or
o e
Since (6™ — 1) < 0 the inequality above is indeed true as long as o < W. But
since by Lemma 9 1710"” < 1—x(1Z,0m)’ o< 1719m is a sufficient condition O

Lemma 11(The Bang-Bang Property:) Assume 1 < o < ﬁ. In the solution
for the median voter’s problem, if there exists ¢ such that the implied tax Tk(sf) <T
for all s¢ then

Uc(s') = B Pr(sp|sUc(sT[1+ Fi(s"™™) 6] V t > 1

St+1

and therefore 7,(s%) = 0 for all ¢ > 7.

We omit the proof here, since it uses the same reasoning as the proof of Lemma
5. The key element of the proof is that the return function in the median voter’s
problem is increasing in both aggregate consumption and leisure when 1 < o <

1—om

Lemma 12:(The Capital Tax Result) Suppose 1 < 0 < ﬁ, 0" < E(9) =1,

ko(0) = vk + (Ko — )0 with Ko —~; > 0, and by(f) = by V @ € ©. Then there
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exists £ > 1 such that

/

T=1fort<t

n(s) =94 0< (st < Ffort =14

0 for all st such that ¢ >

The proof is standard, dating from the original work of Chamley (1986). The

ﬁ ensures that the median voter’s value function is increasing

condition 1 < o <
in aggregate consumption, and therefore it cannot be the case that the constraint

UB is always binding when there is discounting. Otherwise the standard reasoning

would not apply.

Proposition 4. (Labor Tax Result) Suppose 0 < = and ™ < E(0). Then

there exists t > 1 such that, for t > t:
1. 0 < 7(sh) < 1.
2. 7(s) depends on st only through L(s').
3. 7(s') is strictly increasing in [1 — 6™].

Proof. Case 1: 1 <o < ﬁ
Because of Lemma 12, and since (NN) is not binding, the first order condition

with respect to labor is (for t > #):



i From the CE we know that

UL(St)

B TR A e

Combining the last two equations and using (25) and (26) generates

£ _ a(s')
L=n(s) = a(st) + b(60™)

Thus, if 1 < ¢ < =5, by Lemma 10 we have a(s') > 0, and therefore 0 <

1 —7(s) < 1 for all s'.

Case 2: 0 <o < 1.
Suppose that the constraint UB is not binding for all ¢ > ¢. Later we will check

that constraints. We can write 7(st) as:

ty _ —(" -1
)= g DA —0) 0+ 1= L= o) +ox(Z.6m)] )

Which implies that 7;(s') > 0 when 0 < o < 1. In this case, 7;(s') < 1 follows from
the intratemporal first order condition in the competitive equilibrium. Otherwise,
the marginal productivity of labor should be negative.

Next we claim that, if ™ < 1 and 0 < o < 1 then a(s') > 0 for all s'.

First, notice that 7;(s') < 1 implies that a(s!) and a(s) + b(6™) must have the
same sign. b(6™) > 0 with 7;(s') > 0 implies the claim. Finally, since a(s’) > 0 for

all t > £, constraint UB is not binding for high enough t O
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17.7 Numerical Algorithm
We numerically approximate the solution to the following problem:

s, () S el

wc(em)vchzK
t,st

(s)(1 — L(s"))' =] ~7

1—0

( (O —1) %, ¢ p(sUL(s")
T—o)V(2)

we(0™m) <1+

Resource constraint
s.t.

non-negativity constraints

L(s') <1

where

ty — gt t tyo t\1—a e (1-a)
Ur(st) = B*Pr(st) ( O(s1)*(1 — L(s")) Lo,

and

C(sH)*(1—L(st)1— t-o
V(Z) = 5, o BPr(st) ST LEN T T

A straightforward extension of Lemma 9 in order to allow for stochastic labor
skills shows that, in the solution to the problem above, w.(60™) € [6™,1). Let A
be the multiplier related to the first constraint above, which clearly binds in the
solution. Let £(s') be the multiplier on the resource constraint at history s’. Then

the Lagrangean is given by:

+A[<em—1) S (UL (1) + (1—a>V(Z)<1—wc<e’“>>]+

t,st

m l—0o
L= S pi(sh)s! [(:;(f 1) veeh,neshy

t,st

(s [F (L(smK(st—l),st) L1 HE(Y - O(sh) — K (s - g(sf)}
t,st
[C(st)(1-L(st)) ~]" 7

l—0o

where U(C(st), L(s))

89



We then can rewrite £ as:

m l1—0o
£=> Pr(shB {(:ﬁff[j) U(C(s"), L(s") +

t,st

A1 — ) U(C(sh), L(sY)) (1 —we(0™) + p(sh) (0™ — 1) 1 i—L(aSt))] +

s [F (L<st>,K<st—1>,st) L1 - S () - O(sh) - K(s) — g(sY)

t,st

Taking A and w.(0™) as given, there exists a functional equation problem (FEP)
with a modified return function that solves £ above. Such return function is given

by:

T(C(s"), L(s"); A, we(6™)) =

m l1—0o —«
(5552) U656 + 20 = (), 1) (1= wel6™) + ol 6™ = ) 275 )

Denote V(K; A\, w.(0™)) the unique function solving the FEP. Using the product
topology in the problem in question, we can apply Theorem 3 in Milgrom and Segal

. AV(KA
(2002). By setting &STML;) =0 we get

wc(gm) _ [9(1—04)(1—0))\]—1/0

The numerical solution then uses a two step algorithm. First, for a given A, and
therefore w.(0™) from the equation above, we solve the FEP using value function
iteration for a grid of 300 points for the capital stock. In the second step, for

each capital stock, we do a grid with 100 points for A and find \*(K) that attains
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W = 0. Because A and w.(0™) are related by an equation and w.(0™) €

[0, 1), we can reduce the size of the grid for X's in a great extent.
We check the numerical solution by evaluating the analytic first-order conditions

from the original problem.
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Part V

Appendix B: proofs of Chapter 111

17.8 Proof of Lemma 13

(Only If) Let @}, = aj,; —a. The necessary conditions for the maximization of the

individual’s problem are :
Uit = )\i, U?t = )\iplta ()\i - /\i+1(1 - Tkt+1)rt+1)5§+10
and the following TVC condition:
tlggo ai+1 A =0

Using the both the TVC and the Foc’s we get the present value budget (3) for
each i. The other conditions are trivial. Notice that the Foc’s can be manipulated

such that individual allocations of labor and consumption can be expressed as shares

of the aggregates. Moreover, (1 — 1) = 1jTO‘ 19}# #
Sl

(If) Set (1 — 1) = %19it%f’ ry = Fj; . Rental prices for labor and bond

prices are given by wy = Fj; .

i
Uet

: A ) )
e By setting A} = ul, the foc’s are

Taxes on capital are given by 1 —
met. The TVC for bonds holds because the bounds on borrowing and lending.

By construction the foc’s are met. Construct total wealth levels such that the

budget constraint is satisfied with equality in each period:
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N(re(L = mie)ay) = SN[ = mJud) + To — ]

s=t

The resource constraint is met by integrating the budget(which holds with equal-

ity) over types in each period.

17.9 Proof of Lemma 14

Suppose (1)-(4) characterize a CE. Then set ¢! = [)\i]*l[ﬁtc%] and [ci,1 —[}] =
¢'[Cy, 1 — Ly]. Then using these expressions, we get (2). Moreover, using these ex-
pressions in (3) we get the expression ¢" in (3’). It remains to show that [, "dF (i) =

1. The construction of prices and taxes from the foc’s(which are satisfied using ¢*)

gives:

11—«

(1 - Lt)(l - Tlt)Flt = Cy

Then:

¢t = of(Cy— FuLy) + mFpLly + (1 — 1) Fiy
¢t = of(—Kip1 + FpeKy) £ 1 Fp Ko + i Fie Le + (1 — 138) Fiy

¢ = of-Ky1+ (1= 7)) Fie K + Ty + (1 — 18) Fiy

t &

g o= B c, (K1 + (1 — 7o) Fin Ko + T 4+ (1 — 730) By

Notice that we have used the fact that T} = 75, Fpi K +7: Fj: L. Since the final ex-
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. . . . . aft aftt!
pression above is true in each period, we have (using o~ O (1 =7y ) Fropr) | K1 =

0):

1 le%
—( G

— t
158G 1 = 730) Fio Ko + Zﬁ

t>0

(1 — 7u) Fyy + T3]

or

«

1=(1-8) | &

[0
(1= 7k0) FroKo + Y _ B'=[(1 — 74) Fiy + T
=

But this is equivalent to [} ¢'dF (i) = 1.

The converse is clearly true by setting \i = ;—ﬁctt O

17.10 Proof of Lemma 16

By induction. Here we show only that ¢({Z;, 7t }1>0, k8) = ¢({Z], 7t }1>1, at*).

Let (¢' = o({Z}, 7t }+>0, k). Using the foc’s in a CE at time zero (in particular:

oo = 5’%?(1 — Tk1)T1):

o i « i i i
D=6 = Gl ) Fiokh + (L= 7o) Fio(1 = (1 = Lo) + Ty — £'Col
« , a1l = 7o) Fioet(l — L
= 7[(1 — TkO)FkOk(Z) + T(] + (1 — TZO)FlO] — OégOZ — ( ZO) 0% ( 0)
C() CO

o ; i i
= 60[(1 — T ) Froky + To + (1 — m10) Fio] — ap® — (1 — o)

where in the last line we use the intratemporal foc.

Then we can write p({Z}, 7 }i>1,al*):
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B@({Z:7Tt}t21»a7i*) = (1_6) /Bcaql(l_Tm)(Fklai)_FZaC«B((1_7—ln)Fln+Tn)]
t>1 "
(&3 i aﬁt i * i
= (1=8)| g (1= 7o) Froko + > o (= 7n)Fin +T) = (0", {Z7, e }ez0, ko))
t>0

= o({Z!, 7}ez0,k0)) — (1 = B)p({Z] , T }ez0, ko))

= ﬂ(p({Zt*th}tZka(i))) u

17.11 Proof of Lemma 19

We first assume that, in the solution, the implied taxes on capital are less then the
upper bound at t=1. Then by a known result all future taxes on capital are zero
and therefore all multipliers associated with the second constraint are zero. Later

we will use the condition in the Lemma to show that indeed 7,1 < 7.

The Foc’s assuming ¥y = 0 V ¢ yield:

L 7 (=T F(Ko, Lo)(0™ = 1)] _ Ao = %Fkl
Co Co em C

= or:

(Ko,Lo)(1—0™) 1
P 1=7p1”

This implies: 1+ Clo (A=Te)F

o (A =T F(IKo, Lo)(1 — 6™)/Co
T T —m) (I - 0m) (1 — a(1 - B))/Co

or

Tkl = 7(1 - ?k)(l " Hm)
ey + (1= 7)(1 = 6m) (1 — o1 = B))
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Also from the Foc’s, assuming ¢, = 0 V t, we get:

l—a  ay(1-7Tp)(1—-0MFy « Y(1 = 7)F (Ko, Lo)(1 — 0™)
+ o = =11+ - Fio
1—-1Lg Coyp Co Cop

which simplifies to:

11__50 - {1+7(1 — (1 - 0m) [”KCOOL(” _ 1}}50

or

C() Ck(l — Lo) _ F(Kg, Lo) a(l — L())
— =71 1—7)(1—0m) | ——2—= —1 —
Fio o (=7 (1= 0") | —7 > 1.
Since Fjg = %0_7) we have:
Co Oé(l — Lo)

F(Ko, Lo) ~ (1= a)Lo(l —7)

Since L; < L for some L (derived bellow), we have:

and then the result follows.

Auxiliary Result: In any CE, for all t L; < L = %

In any CE, the shares are:
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a(l — ko) Fro

t
000 4 5 SR 0 - m) i+ 7

t t

¢ =(1-8)

Market clearing implies:

aft 1 a1l — 7o) Fro aft 1
7Flt 1—m(1—Ly)] = - - — Tt K Fp > ——
Z -3 Co Zt C -3

Since in a CE we have C%Flt(l —Ty) = 1 1=1., it follows that:

Zﬁtl_a l—Tlt(l—Lt) > 1
1L, 11— 1-8

Again form the CE condition C%Flt(l — 1) = the Cobb-Douglas assump-

lL’

tion implies:

(1-o)L}

1_
11, (K Ly — K]

a(l =)kl (1 —74) =

Holding the intertemporal decisions fixed, we have that L; is a decreasing func-
tion of labor taxes. Therefore for any t, labor is maximum when 7y = —7;. Using

this finding in the last inequality above we get:

1—a[1—7,(1—L)] 1 S 1
1-L 1—11 1—B 1—ﬂ
or L = o(l-7;) O

(I=1)+(1-a)7;
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17.12 Bounded Allocations

Here we show that, in any CE:

1. 3 K such that VKj € [K, K| and all feasible sequences of fiscal policy, K; >

Ko Vt in any CE.

2. Given Ky € [K, K], in any CE we have L; € [L, L] with L >0 and L < 1.

In the proofs bellow, Fj(K,L) = v(L/K)'™7 will denote the marginal product

of capital.

Lemma AA:3 K such that VKj € [K, K] and all feasible sequences of fiscal policy,

K; > Ky Vt in any CE.

Proof: If not, V Ky > 0 3 Ko > Kj and a sequence of feasible FP such that K; < Ko

for some t. Since the continuation of a CE is a CE, wlog assume t=1.

Hence consider a decreasing sequence {ﬁ}fﬁzo with limy o K§ = 0 and for all
n there exists Ky > K and a sequence of feasible policies 7" such that the CE of
[(K§|m) has K" < K§.

Fact 1: Fort = 0 ort = 1, there does not exist a subsequence such that lim, .o Li"® =
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0 and limps_ oo L7 /K < 0.

Proof of Fact 1:If there exist such a sequence, then the marginal disutility of working

for the mean type converges to —(1 — ). Now consider an alternative plan at t: the

mean type works a little and consumes immediately the labor income. The change

. . . . . . . 1—)(1—71s) K s
in utility coming from increasing his consumption is ucpspps = C?'/S (=) L?;g Ll

If limys—00 L"® = 0 this change goes grows arbitrarily large (hence it contradicts

optimality for the mean type) unless K}** — 0. If, indeed, K}** — 0, then:

(L= -7
KTy (1 0K — KL [Kpo)
(L-7(—7)
L+ (1= )K" — Kpp J(LEJK™)

Uepsprps =

Since K{** — 0, this Cauchy sequence is such that, for any € > 0, there exists N

such that for all ns > N:

(L=0)K” = K| = [(1=0)K{” — (1= 0)K¥y + (1= 6) Ky — Ki¥|
< (1 =0)|(Ky” — Ki¥)| + 01Kt
< (I1-¥d)e+de=c¢
Therefore unless limy,s_,oo L}"*/ K{** = 00, the denominator of Ueps Prps above goes

to zero. Either case it is a contradiction. L}*/K[** — oo contradicts the initial as-

sumption, while ucpspjps — 0o contradicts the optimality of the plan for the mean
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type. This finishes the proof of Fact 1.

Next, since K{' — 0, LT/K}* — oco. Otherwise L}/K} — L/K < oo would

imply L} — 0, contradicting Fact 1. Therefore Fy (K7, L}) — oo.

Fact 2: limsup,,_,,, K = 0.

Proof of Fact 2:We have two cases.

Case 1: liminf,, (1 + Fi(Ky, Ly) —0)Kg > 0.

Notice that this is the capital income of the median type after transfers in equi-
librium. In this case C§ would be bounded away from zero and F,(K(, L) becomes
arbitrarily large. This means that the mean type could improve on the original plan
by saving a little at period 0 and consuming the additional income in period 1.
Notice since C}' > € > 0, the marginal utility lost in period 0 is bounded. This

improvement on the original plan is a contradiction.

Case 2: Fi,(K{,Lg) — 0. Since K — 0, Fi,(K{', L§) — 0 is only possible if Ly — 0.

But using Fact 1 this would imply Fj(K{, Lij) — oco. This finishes the proof of Fact

2.
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Since K — 0, L{/K{ — oo from Fact 1. Then we have:

Cy > Fu(KJ,L)Ky+(1—-0)K) — K}

> F(Kg, Lo) Ko — KT

> (Fu(Kg, Lg) — KT

v
o

where the strict inequality comes from K{ < K{ and the last line comes from
Fi,(Ky, L) — oo. Since Fi(Kg, L) — oo and consumption is bounded away from
zero, again this leads to a contradiction: for n large enough the mean type would be
better of by saving a little more and consuming the additional income in the next

period W

Lemma BB: Given Kq € [K, K], there exists (L, L), potentially dependent on K,

such that any CE has L; € [L, L] with L >0 and L < 1.

Proof: We start by showing L; > L > 0. Towards a contradiction, suppose that
there exists a subsequence {tn} with L, — 0.Using exactly the same reasoning as
in the proof of Fact 1, it can be shown that Ly, — 0 implies Ly, /Ky, — oo. But

this is possible only if K}, — 0, which contradicts Lemma AA.

Next we show that L; < L < 1. Towards a contradiction, suppose that there ex-

ists a subsequence {tn} with Ly, — 1. Then the marginal disutility from labor goes
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to —oo. The following alternative plan will improve his utility: for ¢n large enough,
work a little less and the decrease the consumption by the amount in which his labor
income diminishes. His change in consumption is &~ (1 —7)(1 — 7in) (Ktn/Ltn)” —
R < oo unless Cy, — 0. But indeed C} is bounded away from zero because the log
preferences and the fact that income from capital is bounded away from zero (from

Lemma AA) B
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