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Redistribution and Fiscal Policy

1. Introduction

This paper examines the optimal behavior of a democratic government in its use of fiscal
policies to redistribute income over the business cycle.

On the theoretical side, one set of models study optimal redistribution under either no
or idiosyncratic uncertainty; for example, Perotti (1993) and Persson, and Tabellini (1994)
study the effects of income inequality on growth. In addition, Krusell, Rios-Rull, and Quadrini
(1997) and Krusell, and Rios-Rull (1999) have worked on the effects of inequality on opti-
mal fiscal policies in a recursive framework. All these papers conclude that the higher the
inequality the higher the income taxes and the optimal income redistribution. Another set
of models incorporate aggregate uncertainty and study optimal taxation in a representative
agent environment: Chari, Christiano, and Kehoe (1994) study optimal taxation in a neo-
classical growth model and Gorostiaga (2002) extend their analysis to one in which labor
markets are not competitive. Both papers find that labor income taxes should be roughly
constant over the cycle to minimize distortions.

On the empirical side, Storesletten, Telmer, and Yaron (2002) have provided evidence that
income inequality is countercyclical; increasing in recessions and decreasing in expansions.
Therefore, the combination of this empirical fact with the theoretical results from optimal
redistribution suggest that if we consider a model with heterogeneous agents and counter-
cyclical income inequality the smoothing labor income taxes result may be challenged. In
this paper, we study this possibility using a heterogeneous agents version of the neoclassical
growth model.

The environment is a stochastic dynamic general equilibrium model with three agents:
two infinitely lived consumers with different skill levels and a government that maximizes
the median voter utility.! We assume that the fraction of each consumer type is constant
over time and that the fraction of low skilled households is bigger than the fraction of high
skilled. Consumers supply labor elastically and are able to borrow and lend in a complete
markets environment. The government sets labor income taxes and transfers. Technology
is linear and separable on agent’s labor and there is an aggregate productivity shock that
affects households skill level. A Ramsey problem is defined where the low skilled household

plays the role of the planner and he/she optimizes over all possible sequences.

I'We will see that we do not need to speak about the median voter, since we will assume one of the types
of consumers is majoritarian. However, I will call this one the median voter in order to compare our results
with Persson and Tabellini (1994).



We consider two versions of the aggregate productivity shock: First, we assume that the
cycle affects both agents symmetrically, leaving the skill level and the labor income inequality
constant over the business cycle. This version is called the Symmetric Shock Model.
Second, we take a more realistic approach and follow the empirical evidence in Storesletten,
Telmer, and Yaron (2002) and assume labor income inequality to be countercyclical. The
productivity shock only affects the lower skill level and labor income inequality increases
in recessions and decreases in expansion. This case is labeled as the Asymmetric Shock
Model.

The main result is the following: If labor income inequality is countercyclical Chari,
Christiano, and Kehoe (1994) result does not hold and the optimal labor income tax is also
countercyclical. We think this result is important because it challenges standard optimal
smoothing labor tax results.

In addition, we study two other policy questions. As Hall (1988) has shown, permanent
and non-permanent labor income shocks have very different intertemporal implications. The
fact that we characterize the solution to the Ramsey problem allows us to test whether it is
also the case for optimal redistribution. We explore the implications for the optimal redistri-
bution policy of the Symmetric or the Asymmetric Shock Model faced with permanent
and non-permanent labor income shocks. In either model, the optimal redistribution policy
is independent of the persistence of the aggregate shock regardless of the considered labor
income process.

The last part of this paper studies optimal redistribution consequences of labor income
inequality convergence. We consider several Asymmetric economies with different starting
values for the labor income ratio that converge to the same ratio and ask whether the optimal
income tax policy is affected by the initial inequality conditions. The answer is yes. While
facing the same labor inequality today the higher the initial inequality the higher today’s
redistribution. Therefore, economies with identical fundamentals but different initial labor
income inequality deliver different optimal income taxes and redistribution policies in the
long run.

Finally, a technical contribution of the paper should be highlighted: In order to solve for
the optimal labor income tax policy function, we characterize the optimal fiscal policy that
solves the above described Ramsey problem. We are not aware of any paper that had done
this before in a heterogeneous agents model like the one presented here. Garcia-Mila et.al.
(2001) work in a similar framework but they do not solve for the optimal Ramsey allocation.
They characterize the set of competitive equilibrium and choose the one that matches some
features of the data better. Here, we go one step further and pick the competitive equilibrium
that maximizes government’s problem.

The rest of the paper is organized as follows. Section 2 presents the two versions of the



model. There we will define and characterize both the equilibrium and the Ramsey problem.

Section 3 presents the results, and Section 4 the final remarks.

2. The Model

The rest of this section is as follows. First, we introduce the Symmetric Shock Model
and both the equilibrium and the Ramsey problem are defined and characterized. Second,
the same is done for the Asymmetric Shock Model. Finally, we highlight the differences

between the two models.

2.1. The Symmetric Shock Model

We study a dynamic stochastic general equilibrium model with two types of households,
household type “h” and household type “I”, and a government that maximizes the utility
of the median voter. Household type h has measure v and household type [ has measure
1 — =y, where v € (0,0.5). This fact implies that a type [ household is the median voter. We
consider and economy without capital and with a single final good, y;, that is produced using

elastically supplied labor in the following way

yr = (Y(1 = 2ps) by + (L =) (1 — 216)9,)0s, (1)

where (1 — z;,) is the amount of labor supplied by a household of type i € I = {h,l}, 6,4, is
its marginal product and 6, is a aggregate productivity shock following a Markov process

In6;, =plnb;,_, + ¢, lp| <1, g ~N (O,a?) )

As the reader can observe, in this environment the aggregate productivity shocks, 6;, have

Ot
> Oy,
As we will see, this fact implies that labor income inequality is constant over the cycle. This

not effect on the ratio between household type [ and household h marginal products
is why we call this set up the Symmetric Shock Model.

Households Consumers derive utility from consumption and leisure. The household’s type

1 € I objective function is
o0

Ey Z ﬁtU(Ci,t, xi,t)a (2)

t=0
where U is strictly increasing and concave on its two arguments. Consumer type ¢ is endowed
with one unit of time which is devoted to work and leisure. Besides, the household can lent

to or borrow from other households or the government using a full array of one period bonds



that complete the markets. Thus, a type ¢ household faces the following budget constraint

every period

Ci,t + /pt(H)b,,t(Q)dH = (1 — Tt)u)m(l — wi,t) + bi,t—l (0,5) + E, (3)

taking as given 0y and b; _;. Where ¢;,; denotes the consumption level of the type ¢ consumer
at t, w;; denotes the hourly wage rate of household type ¢ at ¢, z; ; denotes leisure of household
type i at t, py() is the price at ¢t of a bond that pays a unit of the final good at ¢ + 1 if
the aggregate productivity shock is 6, b; () is the type i consumer demand at ¢ for bonds
that pay a unit of the final good at ¢ + 1 if the aggregate productivity shock is 0, T; is the
level of transfers fixed by the government at t, 7, is the level of labor taxes fixed by the
government at ¢. In addition, there are upper and lower bounds for b;, large enough not to

bind in equilibrium but finite to avoid Ponzi games.

Government Government maximizes median voter’s utility, i.e. consumer’s of type [ util-

ity, subject to the following sequence of budget constraints

Ti 4 b1 (01) = 7e(v(1 = zpe)wne + (1 = )(1 — zp)wie) + /Pt(e)bt(e)d97 (4)

taking as given 6y and b_;. Where b,(0) is the government demand at ¢ for bonds that pay
a unit of the final good at ¢ + 1 if the aggregate productivity shock is #. In addition, there
are upper and lower bounds for b, large enough not to bind in equilibrium but finite to avoid

Ponzi games.

Market clearing conditions The clearing condition in the bond market is

(1 =7)bi,e(0) + vbn e (0) = b,(0), (5)
and this same condition for ¢ = —1 implies that
(1 =7)by,—1 + vbp,—1 = b_1. (6)

Since there is not capital, the final good clearing market condition is

(1 —7y)as +vChe = Ye. (7)



Therefore, given the production function (1) and the final good clearing market condition

(7), we can write the economy resource constraint
vene + (L =7)ee = (V1 = 2n)p + (L= 7)(1 = 21,6) )0 (8)

2.1.1. Competitive Equilibrium

In this section we first describe which is the households’ problem and then define a competitive
equilibrium.

Household’s type ¢ problem is to choose {c;¢, s, b1 (#)} that maximizes the objective
function (2) subject to the sequence of budget constraints (3) and taking the sequence of
wages, taxes, transferences, prices {wj, 7¢, T3, pr (0)}, the initial stock of bonds and shock

b;—1 and 6y as given. The first order conditions with respect to bonds holdings and leisure

require
p(0) = 572 b, = o), )
and U,
m = (1 — 74wy, (10)

where U, ;; and U, ;; are the marginal utilities with respect to consumption and labor respec-
tively.
In this environment a competitive equilibrium is defined as follows:

Definition 1 (Competitive Equilibrium Definition). Given {6y,b;_1,bs 1,b_1} such that
(6) holds, a competitive equilibrium is a process for allocations {(ciy);c; » (Tit) ey » (06i(0));cp» 0:(0) 1,

taxes and transfers {,, T;} and prices {p;(0), (wi4),.,} such that:

i€l
1. For each i € I, {cit, 24, b,1(0)} mazimizes household’s utility function (2) subject to

the budget constraint (3) given {74, T}, {p:(0),wi+}, bi—1 and 6.

2. Foreachic ]
wi,t = ¢1‘9t (1].)

3. The government budget constraint (4), the bonds market clearing condition (5) and

economy resource constraint (8) hold.

We assume competitive labor markets, hence, in any competitive equilibrium w;; = ¢,0;.
Therefore, in the Symmetric Model the wage ratio is equal to ¢;/¢, and constant over the

cycle. We will refer to this ratio as the skill ratio.



2.1.2. The Ramsey Problem

As mentioned before, government maximizes consumer of type [’s utility. The government is
aware of consumers answer to policy announcements and takes this reaction into account when
its solve its maximization problem. This is what has been called a Ramsey problem. Hence,
the Ramsey problem consists on choosing taxes and transfers that maximize the utility of a
household type [ over the set of competitive equilibriums defined above. When doing so, the
government faces various trade-offs. Consumers of type [ derive utility from higher transfers
but those transfers has to be finance throughout taxes or government debt. Taxes affect both
consumers symmetrically and they distort labor supply decisions. Higher government debt
today increases taxes tomorrow. Since the government solves an intertemporal problem it
will try to smooth taxes throughout time and states of nature.

As widely noticed in the literature, this problem is not time consistent. To avoid dealing
with this issue, we assume that the government has some device such it can commit itself to
the Ramsey outcome.

Technically the Ramsey problem consists of maximizing consumer of type {’s utility over
the set of competitive equilibria. This is equivalent to choose the allocations, taxes, transfers
and prices that maximizes consumer of type [’s utility over the set of allocations, taxes,
transfers and prices that define a competitive equilibria. In general this problem can be very
complicated. Thus, the next step it is to define the minimal set of equations that characterize
the set of allocations, taxes, transfers and prices that define a competitive equilibria. We do

this in the next proposition.

Proposition 1 (Competitive Equilibrium Charaterization). Given{6y,b;_1,bp _1,b_1}
such that (6) holds, if the equilibrium is interior and unique, then the equilibrium process for

{(cit)icr» @it)ier > (0i2(0)),cy  0e(0)}, {74, Ti} and {pt(ﬁ), (wi,t)iel} is uniquely determined by
the following conditions:

e 1 )\ such that

Uc It
= =\, 12
Uc,h,t ( )
and
Uw l t¢h
= =\, 13
Ux,h,t¢l ( )
holds.
e The next restriction is satisfied
[e'e) UC
bp,—1 —b_1 = EoZﬁtU—’:’;(q)h,t — ), (14)
t=0 &y



where

Qip=cip—(1— xzt>% Viel,
c,i,t
and
U:c,h,t
Oy =(1— ) (v(L = zp)dp + (1 = )(L — 214),)0:.
Uc,h,thQSh

e The economy resource constraint (8) holds.

Proof. The proof will be as follows. First, we are going to show that given a sequence
for consumption and leisure allocations for both types of consumers {(ci),c;, (%i¢);c;} such
that the resource constraint (8), the restrictions (12) and (13) and (14) hold for some A,
we can find a sequence for bonds {(b;(0)),.;,b:(0)}, taxes and transfers {7;,T;} and prices
{pe(0), (wis),c;} such that consumers’ budget constraint (3) for Vi € I, the equilibrium wage
(11) for Vi € I, the government budget constraint (4), the bonds market clearing condition
(5), the resource constraint (8) and the households’ first order conditions (9) and (10) Vi € I
hold.

At this point, it is important to notice that with concave utility function, and if the
equilibrium is interior and unique (as assumed), the solution to the maximization problem of
the consumer is uniquely determined by the consumer’s budget constraint (3) and the first
order conditions (9) and (10), so that the consumer’s budget constraint (3) for Vi € I, the
equilibrium wage (11) for Vi € I, the government budget constraint (4), the bonds market
clearing condition (5), the resource constraint (8) and the households’ first order conditions
(9) and (10) Vi € I are necessary and sufficient for competitive equilibrium.

Assume that {(c;¢),.; , (%i4);c;} and A are such the resource constraint (8), the restrictions
(12) and (13) and (14) hold. Now, we are going to find {p;(6)},-, such that the first order
condition (9) holds for Vi € I.

First, define wages as w;; = ¢,0; Vi € I and V¢, which is (11) for Vi € I.

Define {p;(0)},2, as

Uc,l,t-i—l (0)
Uc,l,t

Uc,h,t-i—l (0)

0) —
pt() B Uc,h,t

Pr(9t+1 = Q/Qt) = /8 Pr(0t+1 = 9/015), (15)
(which is (9) for ¢ = [) then, (12) implies (9) for i = h.

Let us now probe that exists {7,},~, such that the first order condition (10) holds for
Viel.

Define {r:},-, as
Um,l,t U:p,h,t

- Uc,l,t0t¢l B Uc,h,t9t¢h’

1—7 (16)



then, using (11) for Vi € I we can write

Ux,l,t o Ux,h,t
Uc,l,t0t¢l Uc,h,t0t¢h

= wi’t (1 — Tt) s

(which is (10) for ¢ = [) then (12) and (13) imply that is equal to (10) for i = h.
Define {T;},°, as

> Uc h.t > Uc h,t
E PO = —b_ + B P P, 17
ogﬁ Uoro t 1+ otz_;ﬁ Uono t (17)
Then, restriction (14) implies
= t Uc,h,t
bn,—1 = Ey E B U (Pne — Th), (18)
—0 c,h,0

and the initial bonds market clearing condition, (6), implies

e8] UC
b =Eo) f'7 :0 (10— T)). (19)
t=0 &

Define household type h demand for bonds {bs:};-, as

© UC .
bng = By =L (@500 — Tiyna) (20)

=0 Uc,h,tJrl

household type [ demand for bonds {b;;},-, as

oo ~Uc .
b = By 2 (@500 — Tiyga), (21)

=0 Uc,h,tJrl

and government demand for bonds {b;},-, as

%) ~UC '
by = Et+125]% (Prtjr1 — Tivjn) - (22)
=0 c,h,t+1

Notice that the three bonds demand definitions (20), (21) and (22) are such that bonds
market clearing condition (5) holds. Now, using the definition of prices (15) and taxes (16),



the condition (18) and the definition of bonds demand (20) we can write

Uc,h, 2 = _ ch,h7 243
bht = Whr1+Eip BU s Et+22ﬂt 1%‘%,&%2 = Whpi1+ [ De1(0)bp e (0) d,
c,ht+1 —1 c,h,t+2

for t > —1, what it means that the household’s type h budget constraint (3) (the sequence
of budget constraints for consumer type h) holds. Using a similar procedure with (17) and
(19) we can show that the household’s type [ budget constraint (3) for i = [ (the sequence
of budget constraints for consumer type /) and the government budget constraint (4) (the
sequence of government budget constraints) also hold.

Second, we are going to probe that given a sequence for consumption, leisure and bonds
{(Cit)ser s @i)icr > (0i4(0)),c; - bi(0)}, taxes and transfers {7y, T3} and prices {p(0), (i), }
such that consumers’ budget constraint (3) for Vi € I, the equilibrium wage (11) for Vi € I,
the government budget constraint (4), the bonds market clearing condition (5), the resource
constraint (8) and the households’ first order conditions (9) and (10) Vi € I hold we can find
a A such that the restrictions (12), (13) and (14) hold.

From (9) for Vi € I, we obtain that

Uett Uerr1(0)

= Vt, 0,
Uc,h,t Uc,h,t+1 (9)

i.e. the ratio marginal utilities of consumption at t is equal to the ratio at t+1 with probability

one. By induction
Uc,l,O o Uc,l,t

Uc,h,O Uc,h,t

but, since by 1, b;—1 and 6, are given, we can define A to be

Vi,

Uc,l,O

A :
Uc,h,O

such that (12) holds.
Then, note that from (10) and (11) for Vi € I we have

Ux,l,tth o Uc,l,t
- )
Ux,h,t¢l Uc,h,t

that together with (12) imply (13).
Finally, using (9) and (11) for ¢ = h in the consumer type h budget constraint (3) and in



the government budget constraint (4) and solving recursively both restrictions we get

c,h,0

) Uc
br1 = Eo Y ' (ene = (1= 7)1 = 2n)énh — T0),
t=0

and

00 Uc
b1 = EoZﬁtU—’:’;(Ttet (YL = zp)dp, + (1 = 7)1 = 2i)y) — To).
t=0 G

If we combine these two equations with (10) for i = h we get (14). =

Proposition 1 implies two important features of a competitive equilibrium. First, if we
assume separable between consumption and leisure utility function,? (12) and (13) imply that
both consumption and hours worked ratios between the two types of households are constant
over time and realizations of the productivity shock. Second, A\, and, consequently, the two
mentioned ratios, depend on the whole productivity shock sequence, and not only its actual
realization. As we will see in the numerical exercise to be presented in the next section,
this implies the initial conditions, i.e. 6y, b_;, b;_; and by, are going to very important
on today’s households consumption and hours worked optimal choices and, therefore, on the
optimal fiscal policy.

But the most important implication of proposition 1 is the following: The economy re-
source constraint (8) and the restrictions (12), (13) and (14) are necessary and sufficient for
competitive equilibrium. Hence, for each sequence of {(ci),c;, (Zit);c;} and A, such that (8)
and the restrictions (12), (13) and (14) hold, there exists allocations, taxes, transfers and
prices such that they define a competitive equilibria. Therefore, the Ramsey Problem will be
to choose {(ci;t);c; s (Tit);c;; and A such that maximize type | consumer’s utility subject to
(8), (12), (13) and (14).

Formally, the Ramsey problem becomes

Mazx E B (s z00).
{(eit)sers(@it) ;e oA 0; ( It l,t)
subject to
Yers _
Uc,h,t ’
Ustabn _
Uw,h,tQSl ’

o0 UC
b = by = Ep) ' (@n = By),

i—0 c,h,0

2As we will do in the numerical exercices in the next section.
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and
YCh,t + (1 - W)Cl,t = (7(1 - mh,t) + (1 - 7)(1 - xl,t)¢l)8t7

where 60y, by, 1 and b_; are given.

At this point, we would like to remark that we are not aware of any paper that has charac-
terized and solved this problem in the way we have done here. Garcia-Mila et. al. (2001) have
a similar Ramsey problem but they do not solve for the optimal Ramsey allocation. Instead,
they calibrate A to some data features. In what follows, first we are going to solve for the
optimal Ramsey allocation. Then, we will perform some numerical exercises to understand
which are the main features of the optimal Ramsey allocation.

To do that we assume some functional form for preferences

1—0o 1—0o
U Gt Lit
(Ci,ta fEi,t) =

l—0c 1—0’

where ¢ > 0. If this is the case, we can use the resource constraint (8), and the restrictions

(12), (13) to write ¢4, x4+ and xp, as a function of ¢4, 0; and A, in the following way
_1
i = (Chty A) = A7,

(yon + (1 = 7)¢1) — wch,t

(’7¢h (%)_ +(1- v)cbl)

ﬂ)i (v + (1 — 7)) — Mc

0; h,t
X = ’
g (wh () "+a- 7)@)

at the same time, and since taxes, 7, are a function of A and ¢, we can use (10) for i = h

z = 2y (Chgy A, 0p) =

)

and

Thit = Th (Ch,b A 9t) = (

to write .
Thi (Ch,b )\7 9t)

C;;@Wh ’

Tt =T (Ch,t7 /\, Qt) =1-

S0, we can write

_ _1\ ,i-1,177°
ssten _ (1 (1ot ok}
j@L) 0,7 ¢y, % ene

APy

(23)

Tt = T<Ch,t;)\16t) = 1 — (
1on (£2) "+ (1=

Q=

This is going to be the most important object of study in this work. Now onwards, this

11



function will be referred to as the policy function.

At this point, it is important to note that the assumption of separability between con-
sumption and leisure decisions allows us to relate A to the equilibrium income distribution.
From (12) we have i

A= Tt
Crs
Thus, if A > 1, higher A implies more income inequality. From this point, A will be referred
to as the income distribution parameter.

We can simplify the Ramsey problem as

Maz EoZﬁU cut (Cngs A), Tu (Cn, A, 0r)),

{cht s

subject to

b1 — b- 1—EoZﬂ UZO (Pt (Chis A 02) — B (cng, A, 0r)), (24)

)1y

where 6y, by, 1 and b_; are given.

If an optimal policy exists and it is interior, the optimal allocations must satisfy the
government’s first order conditions with respect to ¢+ and A and the restriction (24).

Let 1 be the langrangian multiplier of (24). Then, the first order conditions of the Ramsey

Problem are with respect to ¢, and \ are

aclt _, 0z, Uent (cI)t - ®p t) 0Dy, 0P,
o ) )/, > L — 2
clt 80 +xl’t 8ch,t +77Uc,h,0 la Cht i 5Ch,t 8ch,t 0 ( 5)
and
,0c _, 0y, Cht 0Py 0Py,
D% [( Tt ar Tt e G - Ty o (20

Thus, given the optimal A and 7, ¢;, only depends on the contemporaneous shock 6, and it
has the same correlation properties as the former.

Given (24), (25) and (26) the solution to the Ramsey problem can be written as

U(¢1790)a
- A(qsla 00>a

and
Ch,t - Ch(¢l7 Hta 00)

12



2.2. The Asymmetric Shock Model

In the Symmetric Shock Model the cycle does not affect the skill ratio. As we will see, this
implies that labor income inequality is constant over the cycle. Storesletten, Telmer and Yaron
(2002) provide empirical evidence suggesting that labor income inequality is countercyclical.
In this section, we present a new version of the model where the aggregate productivity shock,
0;, only affects type [ consumer’s skill level and labor income in such a way that labor income
inequality will become countercyclical, increasing during contractions and decreasing during
expansions. This is the reason why we call this set up the Asymmetric shock model. The

arising differences are:

1. The production function
Yo =YL — zp2)dp + (1 =)L — 214)$,0:. (27)

2. Consumers’ type ¢ problem

Mazxr  Ej Z CRUCTRNE (28)
{ei i} —0
subject to
Cio + / Pu(0)big(0)d8 = (1 = 7o)wio(1 = i) + by (6,) + T, (29)

given b; _1 and 6.

3. Government’s restriction

Ti 4 b1 (0:) = Te(v(1 — zp)wns + (1 — ) (1 — zpp)wie) + /pt(é’)bt(G)dé’. (30)

4. The bonds market clearing conditions are as in the symmetric shock model.

5. The economy resource constraint
Yene + (L= Y)ae =71 = zpe)dy + (1 = 7)(1 — z00) 90s- (31)

In this case a competitive equilibrium is defined as:

Definition 2. Given {6, b, _1,bn1,b_1} such that (6) holds, a competitive equilibrium is a
process for allocations {(¢i¢);c;, (Tit);cr» (00(0)),c;,0e(0)}, taxes and transfers {7,,T;} and

prices {py(0), (wiy),c; } such that:

13



1. For each i € I, {c;s,wit,bi+(0)} mazimizes household’s utility function (28) subject to
the budget constraint (29) given {1+, T;}, {p:(0),wi+}, bi —1 and 6.

2. The equilibrium wages are as follows

Wit = leet;

and

Wh’t = ¢h

3. The government budget constraint (30), the bonds market clearing condition (5) and
the economy resource constraint (31) hold.

As before, we have to characterize the equilibrium. This is done in the following proposi-
tion:

Proposition 2 (Competitive Equilibrium Charaterization). Given {6y, b,_1,bn_1,0_1}
such that (6) holds, if the equilibrium is interior and unique, then the equilibrium process for

{(Civt)z‘el , (mivt)iel , (bivt(e))iel ,bi(0)}, {74, T;} and {pt(H), (w@t)iel} is uniquely determined by
the following conditions:

e 1 )\ such that

Ut A
and
UsrtPp _ A,
Uz,nt®
holds.

e The next restriction is satisfied

(o) UC
bp,—1 —b_1 = Eotz_;ﬁt Uc::::) (Ppe — D),
where
=iy — (11— )U“"t Viel
1t — Yt 7, Uc7i7t )
and
Uz,h,t
Py =(1- J(Y(L = zpe) @y + (1 =)L — z14) $,6:).
Uc,h,t¢h

e The economy resource constraint (31) holds.
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Three are the differences with the Symmetric Shock Model. First, the equilibrium
wages. Second, the production function (27) and the economy resource constraint (31). An
third, the equilibrium characterization: The ratio of marginal utility of leisure is not constant
anymore, Uy ¢,/ (Upnid;) = Ay, and therefore, while consumption ratio between the two
types of households is constant, worked hours do not need to be. These three differences
reflect the fact that the aggregate productivity shocks only affect household’s | wage.

But the most important implication of the asymmetric effects of the aggregate shock is re-
flected in figure 1. Figure 1 plots the equilibrium labor income ratio, wy; (1 — z4) / (wnt (1 — xpy)),
for the Symmetric and Asymmetric Models using the following calibration (v, 3, 0, 0., p, ¢, ¢;) =
(0.35,0.95,2,0.05,0.9,1,0.825). Therefore, in the Symmetric Model the labor income in-
equality is constant over the cycle, while in the Asymmetric Model labor income inequality
is countercyclical, increasing in recessions and decreasing in expansions. This result is robust
to other parameter choices.

In this Asymmetric case we can rewrite (23) as

5 ==l (v+=x7) o7 o7 )
Tt =7 (Chp, A\ 0) =1 — (A¢h0t) ¢ 7B 7 Cht — . (32)
! on (525) "+ (1=,

From this point, let us use “s” as superscript for the symmetric model policy function (23),

and “as” for the asymmetric one, (32).

3. Results

Since closed form solutions are not available, we solve the models using numerical simula-
tions.> The parameter values choice we consider is very similar to that used in the business
cycle literature (v, 3,0, 0., p, ¢,) = (0.35,0.95,2,0.05,0.9,1).4

Most models of optimal income redistribution find that the higher the labor income in-
equality (represented in this model by the skill ratio) the higher the labor income taxes. This
model delivers the same result. Table 1 represents the average labor income tax of three
different versions of the Symmetric Shock Model (identical except by ¢,). Using (23),

this analysis can be formally written as the determination of

E(r°(.,0,,1)),

3See Appendix for details

4Our aim is to study optimal fiscal policy and so much to match the data. This is why we do not calibrate
the model to get close to the data. We would like to remark that our qualitative results are robust to different
calibrations.
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& E(7%(¢1, 01, 00)) | N (¢4, 60)
0.7 0.30875 1.5478
0.825 | 0.18159 1.2949
0.95 | 0.05419 1.0773

Hlll’

Table 1: Average Tax Rate, as a Function of Consumer s Marginal Productivity
i.e. the unconditional mean of the tax level as a function of ¢;. As it is shown in the table 1,
the higher ¢,, the lower the tax. The intuition for this result is as follows: Since ¢, is fixed,
the lower ¢; the lower the tax burden on household type [ for any given income tax rate, so
the higher the optimal labor income tax rate. Table 1 also reports \°(., 0y) reflecting the fact
that although the lower ¢; the higher the average labor taxes and, therefore, the higher the
income redistributed from households type h to households type [, it is still the case that
type h households have higher consumption for all values of ¢;, being the difference between
type h and [ households consumption monotonically decreasing on ¢;.

A second standard result in the literature is that optimal labor income tax fluctuate very
little (Chari, Christiano, Kehoe (1994) and Gorostiaga (2002)). The model here presented

challenges this result. Figure 2 plots the following two functions

Ts(¢l> ) 1)a (33)

and
Tas(¢la ) 1)7 (34)

i.e., the optimal labor income tax for the Symmetric and Asymmetric Model, when ¢, =
0.825. Therefore, if we model labor income inequality to be countercyclical, as Storesletten,
Telmer and Yaron (2002) empirical evidence suggests, labor income tax also becomes highly
countercyclical. This result is very important because it disputes standard labor income tax
smoothing results. This result holds for difference choices of ¢,.

The intuition for the differences between (33) and (34) is as follows: Type [ consumer
sets the fiscal policy. She increases taxes until her marginal payments equal her marginal
revenues. In the Symmetric case type h and [ marginal payments are affected in the same
way, so taxes do not move. In the Asymmetric Model, a positive shocks increases type [
skill level, so taxes decrease; a negative shocks decreases type [ skill level, so taxes increase.

As Hall (1988) has shown, the intertemporal implications of permanent and non-permanent
labor income shocks can be very different. Our results show that this is not the case of optimal

redistribution. First, we compare the following two functions

7—;((;517'7 ')7
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and
TS(¢Z7 ) ]-)7

where p stand for permanent and 7,(¢, .,.) is the optimal income tax for an Symmetric
economy where 0; = 6, Vt. Figure 3 plots this two functions when ¢, = 0.825. As before, this
result holds for different choices of ¢;.

Second, figure 4 reports the results of the same exercise for the Asymmetric model,

where we compare the following functions

TZS(¢I7 ) ‘)7

and
Tas(¢l7 ) 1)7

when ¢, = 0.825. As you can observe in both model the optimal tax is almost the same,
regardless of the persistence of the aggregate shock. This result also holds for different choices
of ¢,.

Finally, we consider a set of Asymmetric models that, starting with different skill ratio
levels, converge to the same ratio and ask whether the initial skill ratio affect the long run tax
rate. Hence, we consider four versions of the Asymmetric model with index j € {1,2, 3,4}
where

Tas(¢l7 ) 9%)

is the policy function associated with economy j and let 5 = 0.5, #2 = 0.7, 65 = 0.8 and
6% = 0.9. Note that although «96 #* «9% if ¢ # 7, limy_o Et,19i = lim; .o EHe{ Vi, j, thus
asymptotic skill ratio is equal across the four models.

Figure 5 reports the four policy functions when ¢; = 0.825. As we can see, the lower 6y,
the higher the taxes. Consequently, even assuming labor income inequality convergence, there
is not fiscal policy convergence. This is a very important result because shows how initial
income distribution affects long run optimal redistribution policy. An interesting extension
would be to test if we observe this pattern in the data. We also compute A\**(¢,,.) for the
four economies. Table 2 reports the results. The higher the initial labor income inequality
(the lower the %), the higher the consumption inequality (the higher \).

An intertemporal substitution of consumption argument can explain why the lower the
initial inequality level, the higher the long run income taxes. Consumer [ wants to smooth
consumption, so she increases consumption today via long run taxes. The lower the initial
skill level the higher taxes she needs tomorrow. In addition, labor supply’s elasticity prevents
an excessive increase in tomorrow’s taxes, so, as table 2 shows, the initial productivity gap

across economies cannot be totally offset. As all the other reported results, this one holds for
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by | \"(¢1,)
05| 215
0.7 18
08| 16
09 1.2

Table 2: Income Distribution Parameter as a Function of Initial Inequality Level, in the
Asymmetric Shocks Model

different choices of ¢;.

4. Conclusion

This paper uses a heterogeneous agents version of the neoclassical growth model to study
the optimal redistribution policy over the business cycle. We conclude that if we follow
the empirical evidence in Storesletten, Telmer, and Yaron (2002) and assume labor income
inequality to be countercyclical the standard Chari, Christiano, Kehoe (1994) result- i.e.
taxes on labor are roughly constant over the business cycle- does not hold and fiscal policy
should be countercyclical

As an intermediate step we also characterize the optimal Ramsey allocation in this het-
erogeneous agent framework. This is an interesting technical contribution that will allow us
to study optimal taxation in a wide range of models.

The analysis is done in a complete markets framework, therefore its extension to an

incomplete market environment would be an interesting and valuable line of research.
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5. Appendix

5.1. Numerical Algorithm

We am going to describe the method used for the Symmetric Model.
We need to solve (24), (25) and (26).

Step 1 Set 6,.

Step 2 Guess A and 7.

Step 3 Generate one realization, 5000 periods long, of the Markov Chain. Let
A= 01 6s . Ouss |.

Step 4 Generate 100 realization, 21 periods long, of the Markov Chain. Let

~1 ~1 ~1

90 01 92 e 020
~2 ~2 ~2
B — 90 01 92 e 020
~100 100 ~100

Step 5 Solve, using (25), c,(0;; A, n) for each one of §; € A.

Step 6 Let
5000
; e acl(ej; )\7 77) —0 axl(eﬁ )\7 n)
Y = Zﬁj[ch(gﬁ An) T t w5 A n)
= o\ o\
Mch(@j;k,n)‘” 0P(0;; A m)  0Pn(635A,m)

Ch<90;)\,77)7g( O\ O\ )]

LetY = |: Y Y2 ... Y2500 i| Let X1 = |: 00 92 92499 ] Let X2 = [ 93 9%
Using the standard OLS method, estimate the parameters of

Y =p+ 6, X1+ B, Xo + e

Note that, given these estimations, we can write

Ei(ys1/0:) ~ 1 + B]ﬂt + 329%
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Step 7 Repeat the last step for

5000

= N0 AN T s N e
! ;5 on (G0 )7 25 A1) = BB A ).

Let
Ei(Yi11/0:) ~ 7+ (10, + Czef-

Step 8 Solve, using (25), ch(ﬁf, A, n) for each one of Ej € B.

Step 9 Check if

2 i 7 o 9a (0 ~ —o Oz 7.

1 100 ;—%51 <Ch(9¢§ Aﬂ?) a9 z(%/\,/\,n) + ml(gi; )\’n) o z(g)\,/\,n)> +
100 Z @

j=1

A= 090N, 09, (072, 320 5 520
"’772259;;,\7?,;70( (8/\ 2 — h(aA n))"’ﬁm <N+510¢ + B,(0; )2>

and

T3 igzﬁich@j;AJ])_U(‘I’(@]"A )= @@ A m) + 8 (PR + 3O+ G ) =0
100 =1 \i= ch(eo;)vn)fcr ir ] r\Ui5s AT ™ 10; 2(0; =0,

hold. If it does not, choose new A and 7, and go to step 2 Note that these two equations
are approximations to (24), and (26).
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Labor Income Inequality

Fig 1: Cyclical behaviour of Labor Income Inequality: Comparison between Symmetric and Asymmetric models
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Fig 2: Policy Function Comparison between Symmetric and Asymmetric models
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Fig 3: Permanent versus Non-permanent shocks in the Symmetric Model
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Fig 4. Permanent versus Non-permanent shocks in the Asymmetric Model
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Fig 5: Policy functions for different initial values of the shock in asymmetric model

0.6

0.65

0.7

0.75
Shocks

0.8

¥ 0.5
- - 07
--0.8
~~~~~ 0.9

X
|
0.85

0.9





