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Abstract: We examine how changes in tax policies affect the dynamics of the
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determining inequality, as tax changes that affect hours of work will affect the
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1. Introduction

The role of taxation in the neoclassical growth model has been extensively studied, and the
impact of different taxes on both the long-run equilibrium and transitional dynamics is well
documented.® However, the implications of the tax structure for the distributions of income and
wealth have received much less attention. Two notable exceptions are Krusell, Quadrini, and Rios-
Rull (1996) and Correia (1999). Krusell, Quadrini, and Rios-Rull examine the efficiency and
distributional effects of switching from an income to a consumption tax. Correia proposes a
methodology to rank alternative aggregate equilibria in terms of their distributional implications by
examining the effect on factor prices. In this paper we examine the distributional effects of taxes on
capital income, labor income, and consumption, characterizing both the steady state distributions of
income and wealth, as well as their transitional dynamics in response to expenditure and tax
changes. This is important, since as we shall demonstrate below, fiscal policy typically involves
sharp tradeoffs between its effects on the level of activity and its distributional consequences.?

We employ a Ramsey model in which agents differ in their initial endowments of capital
(wealth). Representing preferences by a utility function that is homogeneous in consumption and
leisure allows aggregation as in Gorman (1953) or Eisenberg (1961), and generates a representative-
consumer characterization of the macroeconomic equilibrium. This enables us to address
distributional issues sequentially, thereby increasing dramatically the analytical tractability. First,
the dynamics of the aggregate stock of capital and labor supply are jointly determined,
independently of distributional considerations. The cross-sections of individual wealth and income
and their dynamics are then characterized in terms of the aggregate magnitudes.

A crucial mechanism determining the evolution of income inequality is the relationship we
derive between agents’ relative wealth (capital) and their relative allocation of time between work
and leisure. This relationship is fundamental and has a simple intuition. Wealthier agents have a

lower marginal utility of wealth. They therefore choose to increase consumption of all goods

! See, for example, Judd (1985), Chamley (1986), Lucas (1990), Stokey and Rebelo (1991), Turnovsky (2000), and
Ladrén-de-Guevara et al. (2002).

2 In Garcia-Pefialosa and Turnovsky (2007) we discuss these tradeoffs within the framework of a simple endogenous
growth model.
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including leisure, and reduce their labor supply. Indeed, the role played by labor supply in this
model is analogous to its role in other models of capital accumulation and growth, where it provides
the crucial mechanism by which demand shocks influence the rate of capital accumulation.® This
mechanism is also central to empirical models of labor supply based on intertemporal optimization;
see e.g. MaCurdy (1981).

There is substantial empirical evidence in support of this negative relationship between
wealth and labor supply. Holtz-Eakin, Joulfaian, and Rosen (1993) provided evidence to suggest
that large inheritances decrease labor participation. Cheng and French (2000) and Coronado and
Perozek (2003) use data from the stock market boom of the 1990s to study the effects of wealth on
labor supply and retirement, finding a substantial negative effect on labor participation. Algan,
Chéron, Hairault, and Langot (2003) employ French data to analyze the effect of wealth on labor
market transitions, and find a significant wealth effect on the extensive margin of labor supply.
Overall, these studies and others provide compelling evidence in support of the wealth-leisure
mechanism being emphasized in this paper.

We characterize the time paths of the distributions of wealth and income, as well as their
steady-state distributions, and examine their responses to changes in tax rates. In general we show
how the evolution of wealth inequality is driven by the dynamics of aggregate labor supply (leisure)
through its response to the accumulation of aggregate capital stock. In particular, economy-wide
accumulation of capital is associated with a reduction in wealth inequality, as wealthier agents,
choosing to enjoy more leisure, accumulate capital at slower rates. This in turn then drives the
evolution of pre-tax income distribution through its impacts on the relative capital income and
relative labor income. In addition to being driven by these same determinants, post-tax income
inequality is also dependent on the direct redistributive effects associated with taxes on labor and
capital income. To illustrate these channels we analyze the comparative effects of raising alternative
tax rates to finance a given increase in government spending on goods, on the one hand, versus

financing transfers, on the other. In all cases we find that the income distribution effects dominate

® For example, in the standard Ramsey model, government consumption expenditure will generate capital accumulation
if and only if labor is supplied elastically. With inelastic labor supply it will simply crowd out an equivalent amount of
private consumption. The key factor is the wealth effect and the impact this has on the labor-leisure choice, as
emphasized by both Ortigueira (2000) and Turnovsky (1995).
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the wealth accumulation effects. One consequence of this is that the effects of alternative income
taxes on both pre-tax and post-tax income distribution depends critically upon how the resulting
revenue is spent.

As a specific example, consider the impact of a higher tax on labor income. The aggregate
effect is to reduce labor supply, capital stock, and total output and therefore to raise wealth
inequality. While it reduces the aggregate labor supply, the tax on labor income reduces that of the
capital-rich by more than that of the capital-poor. This results in a more dispersed distribution of
labor incomes and, since these are negatively correlated with capital endowments, tends to reduce
pre-tax income inequality. But in addition, the direct redistributive effect from a higher tax on labor
income tends to increase post-tax income inequality for a given degree of pre-tax income inequality.
If the revenues are rebated neutrally, post-tax income inequality still declines, but if they are spent
on a utility-enhancing public good, this effect may dominate and post-tax income inequality may
actually rise. The responses of pre-tax and post-tax income inequality are reversed in the case of a
tax on capital income.

In our final illustration of the model, we apply it to the recent employment-income
distribution experiences of the United States, France and Germany. These economies have adopted
very different tax structures and have followed very different time paths with respect to employment
and income inequality. While a comprehensive comparison involves a wide range of issues not
addressed in our framework, nevertheless we find that the present model helps shed some light on
the differences. In particular, the higher tax rates on labor income imply both lower working hours
and a more equal distribution of income, consistent with the recent French experience.

Our paper contributes to the recent literature characterizing distributional dynamics in growth
models.* This question was first examined in Stiglitz (1969) using a form of the Solow model.
Recently, an extensive literature has examined the dynamics of the wealth distribution. One
approach has considered economies with ex-ante identical agents and uninsurable, idiosyncratic

shocks.” An alternative approach has been to assume that agents differ in their initial capital

* See Bertola, Foellmi, and Zweimiiller (2006) for a survey.

° See, for example, Krusell and Smith (1998), Castafieda, Diaz-Giménez, and Rios-Rull (1998), and Diaz, Pijoan-Mas, and Rios-Rull
(2003) and Wang (2007).
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endowments, as we do in our model.® Our paper follows Caselli and Ventura (2000), who study the
dynamics of wealth and income distribution in the Ramsey model, though they restrict their analysis
to exogenous labor supply, and do not consider the impact of tax policies. Closely related is
Benhabib and Bisin (2006), who also examine the distributive impact of taxes and derive explicit
expressions for the distribution of wealth. The analytical frameworks are, however, rather different.
They consider an overlapping generations setup in which agents differ in their degree of altruism,
and focus on the role of the intergenerational transmissions of wealth and state taxation in generating
an empirically plausible distribution of wealth. In contrast, we abstract from these aspects by
considering infinitely-lived agents, and center our analysis around the endogeneity of the labor
supply, the way in which it is affected by taxation, and its impact on both wealth and income
distributional dynamics.

Our work is also related to the recent literature on taxation, growth, and distribution. Several
papers have examined the relationship between inequality and growth when capital markets are
imperfect, and assessed under what circumstances redistributive taxation can lead to both faster
growth and a more equal distribution of income.” Credit constraints imply that redistribution can
create new investment opportunities or improve incentives, thus increasing the accumulation of
physical or human capital. By adopting a Ramsey framework we are implicitly assuming perfect
capital markets, and hence consider a different role of taxation.

The paper is organized as follows. Section 2 describes the economy and derives the
macroeconomic equilibrium. Section 3 characterizes the distributions of wealth and income and
derives the main results of the paper. Section 4 derives the effects of changes in tax rates on the
long-run distributions of wealth and income, which are then illustrated in Section 5 with a number of
numerical examples. Section 6 concludes, while insofar as possible the technical details are relegated

to an Appendix.

® See Chatterjee (1994), Chatterjee and Ravikumar (1999), Sorger (2000), Maliar and Maliar (2001), Alvarez-Pelaez and Diaz (2005),
and Obiols-Homs and Urrutia (2005)
" See Aghion, Caroli and Garcia-Pefialosa (1999) for a survey.



2. The Analytical Framework

Aggregate output is produced by a single representative firm in accordance with the

neoclassical production function

Y=F(K,L) F >0,F >0,F, <0,F, <0,F, >0 1)
where, K, Land Y denote the per capita stock of capital, labor supply and output. The wage rate, w,
and the return to capital, r, are determined by the marginal physical products of labor and capital,

w(K,L) =F_(K,L) w, =F, >0, w =F, <0 (2a)

r(K,L)=F,(K,L) e =Fw <0, 1, =F, >0 (2b)

2.1 Heterogeneous consumers

We assume a constant population of mass N. Individual i owns K (t) units of capital at time

t, so that the total amount of capital in the economy at time t is

K™ () = jo” K, (t)di

and the average per capita amount of capital is

1 N .
K (t) = jo K. (t)di.
We define the relative share of capital owned by agent i to be

_Ki®
K@)

the mean of which is 1, and the initial (given) standard deviation of which is o, .

ki (t)

Each individual is endowed with a unit of time that can be allocated either to leisure, I, or to
work, 1- .= L,. The agent maximizes lifetime utility, assumed to be a function of consumption, the
amount of leisure time, and government expenditure, G (taken as given), in accordance with the

isoelastic utility function



ma f:%(ci OI'G”)edt, with —oo<y <1,7>0,1>y(1+7) 3)

where 1/(1-y) equals the intertemporal elasticity of substitution. The preponderance of empirical

evidence suggests that this is relatively small, certainly well below unity, so that we shall restrict

7<0.% The parameter 7 represents the elasticity of leisure in utility, while & measures the relative

importance of public consumption in private utility. This maximization is subject to the agent’s

capital accumulation constraint
Ki () =[L— 7 )r (1) = 51K, (€) + @~ 7, )W) @~ | (£) — L+ 7,)C; () + T, (4)

where 7,,7,,7, and T, are, respectively, the tax rates on capital income, labor income,

consumption, and lump-sum transfers that the agent takes as exogenously given. The agent’s

optimality conditions [reported in the Appendix] imply

n%=w(K,L)G‘TW] (5)
i +Tc
(- ey == fe - r(K, A7) (6)

where 4, is agent i’s shadow value of capital. Equation (5) equates the marginal rate of substitution
between consumption and leisure to the [after-tax] price of leisure, while (6) is the Euler equation
modified to take into account the fact that leisure changes over time. The important point about (6) is
that each agent, irrespective of capital endowment, chooses the same growth rate for the shadow
value of capital. Using (5) we may write the individual’s accumulation equation, (4), in the form

%: r(K, L)1) -5+ 2 DAT) le(l_fw)(l—l.“—"j—l )

I77 K,

2.2 Government

We assume that the government sets its expenditure and transfers as fractions of aggregate

8 See, for example, the discussion of the empirical evidence summarized and reconciled by Guvenen (2006).
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output, in accordance with G =gY (t), T =zY(t), so that g and z become the policy variables along

with the tax rates. We also assume that it maintains a balanced budget expressed as
7 r(K,L)K+7,W(K,L)A-1)+7C=G+T =(g+7)F(K,L) (8)

This means that, if 7, 7., 7., and g are fixed, as we shall assume, then along the transitional path,

as economic activity and the tax/expenditure base is changing, the rate of lump-sum transfers must
be continuously adjusted to maintain budget balance.® In order to abstract from any direct

distribution effects arising from lump-sum transfers (which are arbitrary), we shall assume

LM _K®
T(t) K(t)

which ensures that

ﬁﬂm=%ﬁKﬂ=T

consistent with the government budget constraint.™
2.3  Derivation of the macroeconomic equilibrium

In general, we shall define economy-wide averages as

zm:%ﬁ;mm

Summing over agents, equilibrium in the capital and labor markets is described by

K:%ﬁ&mm (%)

L:LJ:%j;a—uomi (9b)

® In our simulations we take 7 >0; 7 <0 therefore corresponds to a rate of lump-sum taxation.

% Like all lump-sum transfer schemes, we assume that individual agents are unaware of the rule adopted by the
government. An alternative procedure would be to introduce debt financing along the transitional path, but given perfect
markets, Ricardian Equivalence implies that this is essentially equivalent to what we are doing. The one difference is
that the relative capital stock discussed in Section 3.1 is replaced by relative wealth (capital plus government bonds).
But results are essentially identical to those we obtain.
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Equation (9b) gives the relationship between average leisure and the average labor supply. Note that
in equations (2) we have defined the wage and the interest rate, w, r, and expressed them as
functions of average employment, L. From (9b), we can equally well write them as functions of

aggregate leisure time, (1—1), namely, w=w(K,I) and r =r(K,I).

Taking the time derivative of (5) and using (6) we can show (see Appendix)

G ¢ L1 for all i (10)
C, C |

That is, all agents will choose the same growth rate for consumption and leisure, implying further
that average consumption, C, and leisure, I, will also grow at the same common growth rates.
Now turn to the aggregates. Summing (5) and (7) over all agents, the aggregate economy-

wide consumption-leisure ratio and capital accumulation equations are given by

UCI:—=W(K,I)G_TWJ (57
+‘L'C

K_ - WK, NA-7z,)(, 1+7 T ,
E—F(K,I)(l )— 0+ " (1 I 77] " (™)

Let 7, =(z, +7,)/(1+7,) be the effective tax rate on labor. We can then express the consumption-

leisure ratio as nC /1 =w(l—z,), which implies that z, is a crucial determinant of the allocation of

time, as in Prescott (2004).
Summing over (6) and using (5’), (7’) and the definitions of r and w we can express the

macroeconomic equilibrium by the pair of dynamic equations (see Appendix)

K = (1-g)F (K, L)— Lt [1‘%]—5K (11a)
n 1+7,

3 1+7,

1-y(@+mn) Fu F
7@ o Fu g,
| A-7 F =

FK(l—rk)—(ﬁw)—[(l—y)FFKL—eyFFKH(l—g)F(K,L)— L) [l‘TWj—(SK}
[ = 7 (11b)

The important observation about this pair of equations is its implication that aggregate behavior is

8



independent of income and wealth distribution
2.4  Steady state

Assuming that the economy is stable, the aggregate dynamic system described by (11)
converges to a steady state characterized by a constant average capital stock, labor supply, and
leisure time, denoted by K, L and I~, respectively. Setting K =1=0, the steady state is

summarized by

-7 )F (K, [)=p+06 (12a)

(1-g)F(K,L)- FL(K’E)r[l"W]—(SK =0 (12b)
n 1+7,

L+l=1 (12¢)

Note that (12b) implies

(1-9)F -6K - F LA-7)+F (1-7)[1-T-T/n]=0. (13)

If we assume that the share of private consumption expenditure, [(1-g)—0 (K/ If)], exceeds the
after-tax share of labor income, (IfLI:/ If)(l— 7,), then (13) imposes the restriction™*
i~ (14)
1+7

This inequality yields a lower bound on the steady-state time allocation to leisure that is consistent
with a feasible equilibrium. As we will see below, this condition plays a critical role in
characterizing the dynamics of the wealth distribution.

In order to describe the dynamics of the distribution of capital and income, we first need to

obtain the dynamics of the aggregate magnitudes. Linearizing equations (11a) and (11b) around

steady state yields the local dynamics for K and I,

I This condition is likely to be met. For example in our simulations (1—g)—5(K/lf):O.69 and clearly exceeds

(F.L/F)1-7)=046.



K K-K
) — (all alZJ B (15)
I aZl a22 I _I
where a,,,a,,,a,, and a,, are defined in the Appendix. There we show that, under the assumption

that @ is not too large, a,;a,, —a,,a, <0, implying that the steady state is a saddle point. The stable

paths for K and I can be expressed as
K(t) = K + (K, - K)e" (16a)

1) =1 +—2— (K@) -K) =T+ 22 (k) -K) (16b)
=

22 2
where <0 is the stable eigenvalue. From the sign pattern established in the Appendix,

(a,, — ) >0, implying that the slope of the stable arm depends inversely upon the sign of a,,. The

sign of this expression reflects two offsetting influences of capital on the evolution of leisure. On
the one hand, an increase in capital lowers the return to capital and hence the return to consumption,
thereby reducing the growth rate of consumption and raising the desire to increase leisure. At the
same time, the higher capital stock, by reducing the productivity of labor, raises the benefits from
increasing labor, thus reducing the growth of leisure. As we show in the Appendix, which effect
dominates depends upon the underlying parameters and in particular upon the elasticity of
substitution in production, &. There we demonstrate that for plausible cases [including the
conventional case of Cobb-Douglas production and logarithmic utility (¢ =1, =0)] a,, <0, in
which case the stable locus is positively sloped; accumulating capital is therefore associated with
increasing leisure.

As we will see below, the evolution of average leisure over time is an essential determinant
of the time paths of wealth and income inequality. For expositional convenience we shall restrict
ourselves to what we view as the more plausible case of a positive sloped stable locus, (16b). Since

this relationship holds at all times, we have

10)-T =—2 (K, -K) (16b")
H—38y

Thus consider a situation in which the economy is subject to a policy shock that results in an
10



increase in the steady-state average per capita capital stock relative to its initial level (K, < K ). The

shock will lead to an initial jump in average leisure, such that 1(0) <1, so that, thereafter, leisure will

increase monotonically during the transition; an analogous relationship applies if K, > K. We

should point out, however, that in our simulations the net impact of the two offsetting influences of
the accumulating capital stock on the transition of leisure [as measured by the slope of (16b)] is
small. Consequently the response of leisure following the fiscal shock is completed almost

immediately.
3. The distribution of income and wealth

3.1  The dynamics of the relative capital stock

To derive the dynamics of individual i’s relative capital stock, k;(t)=K;(t)/K(t), we

combine (7) and (77). With transfers set such that T, /K, =T /K this leads to

R i (e 5 1) a

where K, | evolve in accordance with (16a, 16b) and the initial relative capital k; , is given from the

initial endowment. Since I, /I, =1/l we may write

1N
I, =pl where W-[O pdi=1

and p, is constant for each i, and yet to be determined.

To solve for the time path of the relative capital stock, we first note that agent i’s steady-state

share of capital satisfies

1- pif[1+ 1) - [1— T[1+ EJJK =0 for each i (18)
n n

or, equivalently

(p,-DI =1 -1 = (T -LJ(K 1) for each i (18°)
1+n

11



Recalling (14), this equation implies that the higher an agent’s steady-state relative capital stock
(wealth), the more leisure he chooses and the less labor he supplies. This relationship is a critical
determinant of the distributions of wealth and income and explains why the evolution of the
aggregate quantities such as K and | are unaffected by distributional aspects. There are two key
factors contributing to this: (i) the linearity of the agent’s labor supply as a function of his relative
capital, and (ii) the fact that the sensitivity of labor supply to relative capital is common to all agents,
and depends upon the aggregate economy-wide leisure. As a consequence, aggregate labor supply
depends only on the aggregate amount of capital but not on its distribution amongst agents.

To analyze the evolution of the relative capital stock, we linearize equation (17) around the

steady-state K,i,Kk, I, determined by (12) and (18°). From (14), the coefficient in (17) on k, >0,

implying that in order for agent i’s relative stock of capital to converge to a finite quantity, and

therefore yield a finite steady-state wealth distribution, k. (t) must follow the stable path:*2

k() —1=5(t)(k ~1) (19)

where

ot)=1 — : (20)
’ F (K,NHA-7,) i 1+7 1l-u
K 7
Setting t =0 in (19) and (20), we obtain
FL(K1r2(1_TW) |:1_|(~0):l
Ko ~1= 50K ~D) =| 1+————K | k-1 @D

F(K, (1—rw){|~(1+nJ_1}_ﬂ
n

where k; , is given from the initial distribution of capital endowments.

The evolution of agent i’s relative capital stock is determined as follows. First, given the

12 The formal structure of the relative dynamics is similar to that of Turnovsky and Garcia-Pefialosa (2008), where the
details are spelled out in greater detail.
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time path of the aggregate economy, and the distribution of initial capital endowments, (21)

determines the steady-state distribution of capital, (IZi —1), which together with (19) then yields the

entire time path for the distribution of capital. Using (19) — (21), and equations (16), describing the

evolution of the aggregate economy, we can express the time path for k. (t) in the form

o _[s)-1 v 1(t)-T Ve etk _F
ki (t) — k; (5(0)_J(ki,o ki) (I(O)—fJ(k"o ki) =e“ (ko —ki) (22)

from which we see that k; (t) also converges to its steady state value at the rate 1.

Because of the linearity of (19), (21), and (22), we can immediately transform these
equations into corresponding relationships for the standard deviation of the distribution of capital,
which serves as a convenient measure of wealth inequality. Specifically, corresponding to these

three equations we obtain

o (t) =5(t)6, (197)
Oy o =0(0)G, (21°)
o, (t) - o, :eﬂt(ak,o_g-k) (227)

The allocation of wealth then converges to a long-run distribution. Moreover, it follows from (22)

that the ranking of agents according to wealth remains unchanged throughout the transition.

By combining equations (197) and (21’) together with the definition of &(t) given in (20) we
can readily characterize the evolution of the wealth distribution in terms of the evolution of average

leisure, namely,
o0 >0 (t)>46, ifandonlyif [(0) <I(t) < I (23)
That is, wealth inequality will decrease (increase) according to whether leisure increases (decreases)

along the transitional path. Moreover, since average leisure increases with the accumulation of

capital, in accordance with (16b), we see further that

o, >0 (t)>6, ifandonly if K, <K(t)<K (23°)

13



Thus we conclude that if the economy undergoes an expansion (contraction) in its capital stock then
wealth inequality will decrease (increase) during the transition, and the long-run distribution of
wealth will be less (more) unequal than is the initial distribution.

The intuition for this result can be easily seen by noting from (19) and (20), that

sgn(k, —k; ;) =sgn (IZ, —1)(I(0) - f)

Recall that if the economy converges to the steady state from below, then 1(0) <1 . Then for people

who end up above the mean level of wealth, their relative wealth will have decreased during the
transition lZi <k; ,, while for people who end up below the mean level of wealth, their relative wealth

will have increased, IZi >k; o, implying a narrowing of the wealth distribution. Equations (20) and

(21) further imply that the closer 1(0) jumps to its steady state, |, the smaller the subsequent
adjustment in I(t), and hence the smaller is the overall change in the distribution of wealth. This is
because if the economy and therefore all individuals fully adjust their respective leisure times
instantaneously, they will all accumulate wealth at the same rate, causing the wealth distribution to

remain unchanged.

3.2 Before-tax income distribution

We define the income of individual i at time t as VY, (t) = r(t)K, (t) + w(t)(1—1.(t)), average
economy-wide income as Y (t) = r(t)K(t) + w(t)(L—1(t)), and we are interested in the evolution of
relative income, defined as y,(t) =Y, (t)/Y(t). Letting s(t)=F,K/Y denote the share of output
earned by capital, and recalling that I, = p,l , the relative income of agent i may be expressed as

1(t)

%) -1=sO0 O -D+@-sO) 7

1-p) (24)

This measure has two components, relative capital income, described by the first term in (24), and
relative labor income, reflected in the second term. The capital share determines the relative

contribution of capital and labor to overall income, for given individual endowments. Using

equation (18) to substitute for p, and (19), we may write (24) in the form

14



yi(t) —1= o)k (t)-1), (25)

where

o) =50~ 0-s) 0120 | (26)

Again, because of the linearity of (25) in k;(t) we can express the relationship between relative

income and relative capital (wealth) in terms of corresponding standard deviations of their respective

distributions, namely
o,(t) = p(t)o, (1) (257)

If labor is supplied inelastically, ¢(t)=s(t) so that ay(t)/ak (t)=s(t). However, when labor is

flexible, poor agents supply more labor than do the wealthy, which partially offsets the effect of the
unequal distribution of capital. From inequality (14) the term in square brackets in equation (26) is
positive and hence ¢(t) <s(t), implying that the ratio of wealth inequality to income inequality is
less than the share of capital.

Letting t — oo, we can express the steady-state distribution of income as
&, = @6, (257)
where

1 F (K,L)
1+7 F(K,L)

7 =lime() =11 26)

From (26’) we can compare the long-run distribution of income to the initial one, namely

o _§ G _q 1+7-1-3)/a-1) &, e
vo Po 0o 1+7-(@1-s(0))/1-1(0) o,

o

where the subscript 0 identifies the initial distribution, from which we infer that in general
sgn(yi —1):sgn(yiy0—1). The distribution of income hence converges to a long-run distribution

such that the relative ranking of agents according to income is the same as that of capital, as well as

that of the initial income distribution. Whether the long-run distribution is more or less unequal than
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the initial distribution depends on the long-run change in the distribution of capital, as reflected in
G, /0y, and factor returns, as reflected in ¢/, .
These dynamics of income distribution can be understood most conveniently by substituting

(217) and (26) into (25), rewriting it as

o, ) =s(t)o, (t) - [1- s(t)]%[l—%#} &, (28)

The first point to observe is that although the distribution of wealth, o, (t) evolves gradually, the

initial jump in leisure, 1(0), which impacts on o (0) both directly and indirectly through s(0),

means that income distribution is subject to an initial jump following a structural or policy shock.
Thereafter, it evolves continuously in response to the evolution of the distribution of capital and

factor returns. Taking the time derivative of (28) we see further that

I /A )
1—I(t){1 |”1+77}7k}(t) (28)

6, =505, ()~ =0 {1—1 !

-10)° I~1+7J6-kl(t)+[o-k(t)+

This equation indicates how the evolution of relative income depends upon two factors, the
evolution of relative capital income, reflected in the first term in (28), and that of relative labor
income. The latter can be expressed as a function of the evolution of aggregate leisure (i.e. labor
supply), and of the relative rewards to capital and labor, as reflected by the capital share, s(t).

It is useful to begin by considering a Cobb-Douglas production function. In this case the
capital share remains constant, and whether income inequality increases or decreases over time

depends on whether the economy is responding to an expansion or contraction. Suppose the

economy is undergoing an expansion so thatK, < K. Then 1(0) < and average leisure is rising
during the transition, [(t) >0, so that wealth inequality is decreasing; see (23). In addition, the fact
that average leisure is rising means that agents having above average wealth, increase leisure more,
causing a decline in their relative income during the transition. The opposite would be true for an
agent with below-average wealth, and hence income inequality [the second term in (28°)] will

decline during the transition to the steady state. For an economy that is experiencing a contraction,

K, > K, then 1(0)>1, and together with the fact that wealth inequality is increasing, income
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inequality will rise during the transition.
The evolution of factor shares may reinforce or offset these effects, depending upon the
elasticity of substitution in production. In general, we can easily establish that

sgn(s’)zsgn[(g—l)(K—Ko)]. Thus, for an economy experiencing an expansion, if &<1, its

declining capital share will reinforce the first two effects and income inequality will decline

unambiguously. If £ >1, then $(t) >0 and this effect is offsetting and if dominant would cause

income inequality to increase over time.
3.3.  After-tax income inequality

An important aspect of income taxes is their direct redistributive effect, causing us to
distinguish between before-tax and after-tax income distributions, with the latter measure being

arguably of greater significance. We thus define agent i’s after-tax (net) relative income as

o K (@A-7)+wl-I)1-7,)
' rK(@A-7)+w(l-)(-7,)

(29)

Note that this measure ignores the direct distributional impacts of lump-sun transfers, which are

arbitrary. Recalling the expression for before-tax relative income and the definition of ¢, we can

express this as
yi () -1=y M)k ) -1) (30)

where

S(t)(fw _Tk)
s()(1-7,)+(@A-st)(1-7,)

y (1) =)+ (1-o(®)) (31)

and ¢(t) is defined in (26). Thus we see that both income tax rates, z, and z,,, exert two effects on
the after-tax income distribution. First, by influencing ¢(t), they influence gross factor returns, and

therefore the before-tax distribution of income. But in addition, they have direct redistributive

effects, which are captured by the second term on the right hand side of (31). Post-tax income

inequality will be less than pre-tax income inequality if and only if 7, <z,. In contrast, the
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consumption tax has no redistributive effect.

Again, we can express post-tax income inequality as

ot () =y B, (1) (29°)

which asymptotically becomes

5, =, 29")

where

L §(TW—Z'k) . ,
l//:(o—’_§(1—Tk)+(1—§)(1—2'w)(1 ?) (BL)

4. Steady state effects of fiscal policy

Our objective is to examine the effect of different fiscal policies on the time paths of the
distributions of wealth and income. We begin by considering the steady-state effects, since with
forward looking agents, these long-run responses are critical in determining the transitional
dynamics. We conduct two exercises, summarized in Tables 1 and 2. First we examine
uncompensated fiscal changes, meaning that the change is financed by a reduction in transfers (or
equivalently by lump-sum taxes). Then we compare alternative modes of financing a specified

increase in government spending.
4.1 Uncompensated fiscal policy

Since distribution is determined by aggregate behavior, we begin with the former, which are
summarized in the first four rows of Table 1. These results are standard and require little discussion.
There it is seen that an increase in government spending raises the long-run capital stock, labor
supply, and therefore output, proportionately, leaving factor shares unaffected. In contrast, an
increase in the tax on capital income raises the long-run marginal physical product of capital,

implying that it reduces the capital-labor ratio. Although capital declines unambiguously, labor will
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do so only if the elasticity of substitution in production, ¢, is sufficiently large.”> While output also
declines unambiguously, the net effect on the factor shares depends upon (& —1) .**

Having established the effect on aggregate magnitudes, we can turn to the distributional
impacts, reported in Rows 5-7. Noting the response of capital, reported in Row 1, in conjunction
with (23’), we immediately conclude that an increase in government expenditure reduces long-run
wealth inequality, &,. In contrast, an increase in any of the three taxes, by reducing the long-run
capital stock, results in an increase in wealth inequality.

As discussed in Section 3, pre-tax income inequality is given by &, = @6, , the response of
which depends upon that of both &, and ¢, reported in Row 6. There we see that an increase in g

raises ¢, while an increase in either 7, or z, reduces ¢, in all cases having an offsetting effect on

pre-tax income inequality from that due to wealth accumulation.
Consider, for example, the effect of increasing government expenditure. On the one hand,
during the transition to the new steady state the distribution of wealth will become less dispersed,

tending to reduce income inequality, as noted. At the same time, recalling that

- 1 1-§

1+n1-1

we see that with factor shares, §, remaining unchanged (see Row 4) and with the expansion in
government expenditure leading to an increase in labor supply (lower I~), this causes an increase in
@ . The increase in ¢ tends to raise income inequality, and offsets the impact of a less dispersed
distribution of capital.
To understand the effect of labor supply on inequality, we rewrite (18”) in the form
H = L—( —ﬁ](ki -1) (18”)

which implies that individual labor supplies are negatively correlated with capital endowments and
have a standard deviation of &, = (f—n/(1+ 77))5k- An increase in labor supply, that is, a decline in

B3 For example, ¢ > § is a weak condition to ensure that employment declines.
 This is not surprising since z, is equivalent to a decline in productivity, the effect of which on factor shares is well

known to depend upon (s-1).
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| , implies less dispersion of labor incomes which, since they are negatively correlated with capital
endowments, tends to increase income inequality.
The effects of increases in the consumption and wage tax are opposite to that of government

expenditure, and can be explained by the same intuition. However, the impact of z, on ¢ is more

complex since there are now three effects in operation. First, during the transition to the new steady

state with a lower stock of capital the distribution of wealth will become more dispersed. Second, ¢

falls as the new steady state generates a lower I . Third, the reduction in the capital-labor ratio

implies a change in the capital share, S, the impact of which depends on whether &>1. In the case
of the Cobb-Douglas production function this effect is zero and since in this case aE/ark <0, then
¢ also falls.

Turning to after-tax income inequality, we see from (31) that neither g nor 7, have direct
redistributive effects, implying that their respective impacts on 7 operate entirely through ¢ . To
the extent that z,, = r,, the differential between them will induce an indirect redistributive effect,

though this vanishes if these two tax rates are equal. In this case changes in g or 7, have identical

effects on the pre-tax and post-tax income distributions. A higher tax on labor makes the fiscal
system less progressive, the reason being that labor income is less unequally distributed than is

capital income. Together with the fact that ¢ /o7, <0, this implies that the overall effect of z,, on

post-tax inequality is ambiguous. While in principle the direct impact of a higher tax on capital
income is ambiguous, if £<1 it is clearly negative, independent of the tax rates, z,,z,. For the
Cobb-Douglas case this reinforces the pre-tax income inequality effect and post-tax income

inequality falls relative to wealth inequality.

4.2  Compensated increases in government expenditure

We now consider the impact of an increase in government expenditure financed,
alternatively, through increases in the lump-sum tax (decrease in transfers), consumption tax, labor
income tax, and capital income tax. These are summarized in Table 2.

In all cases we assume that the economy starts from an initial equilibrium in which the
government expenditure is fully financed by lump-sum transfers, so that g, + 7z, =0 in equation (8),
and initial distortionary tax rates are all zero, i.e. 7, =7, =7, =0 in the initial equilibrium. The
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change in taxes required by the increase in government expenditure is given by the government

budget constraint (8), which we can write in the form

r,s+7,1-s)+7,C/F=g+7 (8"

With 7, =7,=7, =0 the effects of a lump-sum tax financed increase in government
expenditure, initially reported in Table 1, now simplify to the expressions reported in the first
column of Table 2. In particular, the effects on pre-tax and post-tax income inequality are identical.
In either case, a one percentage point increase in government spending leads to a less than
proportionate increase in income inequality.

In the case of distortionary tax financing, we assume that the corresponding tax rate is set

such that it fully finances the long-run change in government expenditure. Thus starting from

7, =71, =1, =0, the corresponding required changes in the three tax rates are respectively

c w

dz, =(F/C)dg, dr, =(Y(L-9))dg, dz, =(1/5)dg (32)

This means that during the transition residual financing using lump-sum tax financing must also be
employed to ensure that the budget remains balanced at all times.®> Thus in general, the response of
variable X, say, to a distortionary tax-financed increase in government expenditure is given by

aX| _ax X on
dg|. dg o7 09

T, =TTy Ty

Turning first to the case where the increase in government expenditure is financed using a
consumption tax, we see from column 2 in Table 2 that the net effects are zero. The direct effects of
the expansion are exactly offset by the distortionary tax effects, implying that on balance this mode
of financing has no impact on either aggregate quantities or on distribution. This is unsurprising.
First, the reduction in consumption due to the higher tax is exactly offset by the higher marginal

utility of consumption induced by the increase in g, thus leaving capital and labor unchanged.

15 Starting from initial zero distortionary tax rates, (32) implies unique tax rates necessary to finance the increase in
government expenditure. In contrast, the simulations begin from non-zero initial distortionary tax rates, raising the
potential for the increase in government expenditure to be financed by two different tax rates. While this was not
encountered in our simulations, the appropriate way to deal with this issue, in light of the linearized dynamics, would be
to consider the one closest to the initial tax rate.
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Second, the consumption tax has no direct redistributive implications.
In the case where the increase in government expenditure is financed by a higher tax on wage

income the distortionary tax effect dominates the direct expenditure effect. As a consequence

aggregate capital, labor and output all fall proportionately so that wealth inequality, &, increases.
On the other hand, ¢ also declines, thus offsetting the wealth effect. Similar elements apply to the

case where the increase in government expenditure is financed using a tax on capital, with the effect

on the factor shares playing an additional role.

5. Numerical Simulations

To obtain further insights into the dynamics of wealth and income distribution we simulate
the economy in response to various shocks. The simulations are based on the following functional

forms and standard parameter values, characterizing the benchmark economy:

Production function: Y = AKX
Basic parameters: A=12,a=04

p£=004, y=-15,1n=175,0=0.3,0=0.04
Fiscal parameters: 7, =0.20,7,, =0.20,7, =0.04, g =0.15

Preferences are specified by a constant elasticity utility function, with intertemporal elasticity of
substitution1/(1—») = 0.4, while the elasticity of leisure in utility is 1.75 and that with respect to
government expenditure 0.3. The production function is of the Cobb-Douglas form, with
distributional parameter «=0.4, and A=1.2 scales the initial level of productivity. The
depreciation rate is 4% per annum.

Our measures of inequality are reported in terms of the standard deviation measures
employed in our theoretical discussion, with the initial standard deviation of relative capital being
normalized to 1. We suppose that the economy is initially in steady state and consider the impact of

policy changes both on the new steady state distributions and on their transitional dynamics.
5.1. Financing an increase in government expenditure

Table 3 reports the effect of an increase in government expenditure from its base rate of 15%
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of output by 5 percentage points to 20% of output. The first line reports the benchmark equilibrium
for the base parameters. ** We see that 72.3% of time is allocated to leisure, the capital-output ratio
is 4.00, and the implied share of output devoted to transfers is 7.76%.

To consider the distributional implications of the expenditure increase, we define the initial
steady-state distributions of pre-tax income and post-tax income (prior to any shock) by the

respective quantities:

3 {1_1—s(|€2, L) 1 }%’

Oy0 = POy =

1-1, 1+7
c 1-7
52 = =1—|1-220 w
Ty0 =¥0% [ Uk10]§(1—fk)+(1—§)(1—fw)

where we normalize the initial given distribution of capital by o,,=1. Since 7, =7, in the

benchmark economy, the fiscal system entails no direct redistribution and the initial equilibrium
implies standard deviations of pre-tax and post-tax income distributions of 67, =&, , =0.211.

The next three rows report the numerical effects of financing an (arbitrary) increase in
government expenditure of 5 percentage points by a reduction in transfers (i.e. a lump-sum tax), an
increase in the wage income tax, and an increase in the capital income tax, respectively. Lump-sum
tax financing entails an increase in output, as government expenditure encourages private
consumption, leading to an increase in labor supply and capital stock, while the distortions created
by capital or wage income taxes result in reduced output and less capital. These results are
qualitatively identical to the theoretical results reported in Table 2.

The effects on distribution of the three modes of financing contrast sharply, again reflecting
Table 2. In all cases, the long-run changes in wealth inequality are small, reflecting the fact that
most of the adjustment in L occurs instantaneously, and as a result the changes in income
distribution are dominated by the relative income effects, ¢ and . Thus, while lump-sum taxation
results in a small reduction in wealth inequality it leads to substantial increases in both pre-tax and

post-tax income inequality of around 19%. However, since the contractionary effect of financing by

6 We also examined different elasticities of substitution, namely 0.75 and 1.25, and obtained results that were
qualitatively the same.
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a tax on labor income dominates the expenditure effect, this results in a lower labor supply which
reduces pre-tax inequality, by over 10%. At the same time the redistributive effect makes the tax
structure more regressive. This effect [measured by §(1—¢@)/(1—§) =0.593] dominates, and post-tax
income inequality rises. The opposite occurs with a capital income tax. The increase in labor supply
together with the more than proportionate reduction in the capital stock reduce wages, leading to a
more dispersed distribution of pre-tax income. This is nevertheless dominated by the increased
progressivity of the tax system, resulting from the redistribution, leading in a reduction in after-tax
inequality by around 12.8%.

Fig. 1 plots the time paths of the economy in response to the policy changes. The left-side
panels illustrate the aggregate magnitudes, capital, labor and income, while the right-side panels
represent the distributions of wealth, pre-tax and post-tax income. Both for the aggregate quantities
and the distribution measures, the quantities are measured relative to their initial pre-shock, steady-
state values.!” Note that while the aggregate capital stock and its distribution evolve continuously
from their initial values, labor supply, output, and both measures of income distribution undergo
initial jumps, arising from the initial jump in leisure. In fact, the bulk of the adjustment in labor
supply occurs through its initial jump, leading to little evolution in wealth inequality, although it is
more pronounced in the case of capital income tax financing.

As an example, consider the impact of an increase in g financed by a wage income tax. Three
effects are in operation. The first is due to the fact that the economy converges to a smaller capital
stock, leading to an increase in wealth inequality, although as just noted this effect is small. The
second is the effect on income distribution through the change in work hours. The reduction in the
labor supply implies that the distribution of labor incomes becomes more dispersed, and since there
is negative correlation between individual capital and labor supply, this tends to reduce income
inequality. Because of the initial jump in leisure, this comes into effect immediately and in our
simulations is always sufficiently strong to offset the impact of a more unequal distribution of capital
and pre-tax income inequality increases. Lastly, because wage income is more equally distributed

than is capital income, the direct effect of the tax is to increase post-tax inequality. Since the

7 The paths corresponding to the different quantities are as identified in the third panel of the figure.
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increase in the tax rate is large (z,, goes from 20% to almost 29%) this effect is strong and results in

a more unequal distribution of post-tax income than before the policy change.

Three further aspects stand out from this figure. The first is the sharply contrasting effects of
r,and 7, on the pre-tax and post-tax income distributions. Financing the increase in g through a
wage tax results in a more equal distribution of pre-tax income, but a more unequal distribution of
post tax income. The opposite holds when the capital income tax is used. The second concerns the
tradeoffs that exist between increases in output and reductions in income inequality. Whereas lump-
sum tax financing of the increase in expenditure raises long-run output by over 5% it increase
inequality by 19%. And while capital income tax financing reduces post-tax inequality by 12.8%, it
reduces output by 8.58%. Wage income tax financing is a rather unattractive policy, as it reduces
output by 2.8% and raises post-tax income inequality by over 7%. Third, the primary response of
income inequality occurs instantaneously, with relatively little adjustment over time. This reflects
(i) the corresponding time path for labor supply, as a result of which there is little change in wealth
inequality, and (ii) the Cobb-Douglas production function, consistent with (28’). The smaller initial
jump in labor in the case of capital income tax financing implies that inequality is subject to more

transitional dynamics.*®
5.2 Distributional effects of higher taxes

Consider now an increase in transfers of 5 percentage points financed through increases in
either the wage income tax, the capital income tax, or the consumption tax. The way we have set up
the transfers implies that they are distributionally neutral, and the only effect will be due to the
impact of higher distortionary taxes. Starting from the same initial steady state, Table 4 reports the
responses of both the economy-wide aggregates and the distributions of wealth and income, while
Fig. 2 illustrates their dynamics.

All three forms of distortionary taxation result in a decline in capital stock, labor supply and

average output. Hence, in all three cases wealth inequality increases, while both pre-tax and post-tax

18 We should note that the qualitative nature of the time paths is somewhat specific to the shocks. Basically, labor
adjusts more rapidly to consumption and labor income taxes than it does to a tax on capital income. There are even more
pronounced transitional dynamics in distribution in response to a productivity shock; see Turnovsky and Garcia-Pefialosa
(2008).
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income inequality decline. As discussed earlier, a reduced labor supply implies more dispersion of
labor incomes and, since they are negatively correlated with capital endowments, tends to reduce
income inequality. The wage income tax generates the largest reduction in pre-tax inequality, but
the smallest one in terms of post-tax inequality due to the direct effect of the tax. The consumption
tax is clearly preferable to the wage tax, since it entails a smaller output loss (4.8% instead of 7.8%)
while the reduction of after-tax income inequality is nearly 50% larger than that entailed by a higher
wage tax. Increasing the capital income tax yields the largest reduction in post-tax income
inequality, although at a substantial cost in terms of output (it falls by almost 13%). Taken together,
Figs. 1 and 2 highlight how the consequences of tax increases on income distribution depend

critically upon how the resulting revenues are spent.

5.3. Taxchanges in Europe and the United States

An extensive literature has examined the effect that higher taxation in Europe, especially of
wage incomes, has had on the labor supply and on the income gap between the US and the large
European economies; see Prescott (2004). This literature has, however, paid little attention to the
distributional implications of tax changes. In this section we use our model to assess qualitatively
the impact of observed tax changes on the distribution of income.

Carey and Rabesona (2004) report effective tax rates in various OECD countries computed in
a systematic way and compare the period 1975-80 to 1990-2000. During that period the US
experienced a reduction in the capital income tax of 5 percentage points, from 28 to 23 percent, and
an increase in the wage tax of 1%. In Germany the capital tax fell and that on wages rose -by 2%
and 2%, respectively-, while in France both taxes rose, by 5% and 7%, respectively. We obtain the
numerical solution to the model using the wage and capital tax rates calculated by Carey and
Rabesona for these three countries. We assume that the consumption tax rates remain unchanged,
maintaining them at 5%, 13%, and 15% for the US, Germany, and France, respectively. Similarly
we suppose that the shares of government expenditure in the US, Germany, and France are,

respectively, 22%, 32% and 40%, in both cases roughly in line with existing evidence. The changes
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in taxes are absorbed by (distributionally neutral) changes in the transfer. The values of all policy
parameters are reported in Table 3.

We suppose that each of these economies is initially in steady state, and that in each
economy the capital and wage income tax rate are changed simultaneously by the indicated amounts.
Figure 3 plots the dynamics of both the aggregate magnitudes and of the distributional variables.
The tax changes in the US result in an increase in the labor supply, capital stock, and output. The
increase in the labor supply leads to less dispersion of labor incomes, which initially increases pre-
tax income inequality, although over time this effect is offset by falling wealth inequality. However,
the sharp reduction in the capital income tax has a strong direct redistributive effect that results in a
more dispersed distribution of post-tax income, with inequality increasing by about 12%.

In France the increases in the two tax rates result in a sharp decline in output due to both a
lower stock of capital and labor supply. The increase in aggregate leisure implies a more dispersed
distribution of hours of work, which has a strong equalizing effect, and reduces pre-tax income
dispersion by about 25% and post-tax income inequality by even a little more. Germany
experienced an increase in the wage tax and a reduction in the capital income tax. As we can see in
the bottom panel of Fig. 3, the labor supply falls and the capital stock increases in response to these
changes. Since the effect on hours work is stronger, the overall impact is to reduce output. The
effect on the distribution of wealth is almost negligible, hence the dynamics of income inequality are
driven by the equalizing effect of fewer working hours (equivalent to that observed in the simulation
for France) and the reverse redistribution entailed by the new taxes (as the wage income tax now
exceeds the capital income tax). The second effect dominates and post-tax income inequality rises by
about 2%.

As a description of reality this exercise must be viewed with caution. For example, while we
have assumed that the tax changes occurred immediately, in fact they were introduced gradually
over a substantial period of time, so that what Carey and Rabesona (2004) report are the
accumulated changes. Moreover, other structural changes, such as productivity increases are also
obviously relevant. It is clear that while average hours worked declined in Europe, output and

capital stock increased. Rerunning the simulations, with the productivity parameter A simultaneously
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increasing by say 40% in conjunction with the tax changes, we find that output and capital in France
and Germany substantially increase, while for the Cobb-Douglas technology we are assuming, the
decline in hours worked continues to apply.*™

Our model also clearly abstracts from other important aspects of the distribution of income —
most notably differences in skills and in wage rates. Nevertheless the exercise just performed is
broadly consistent with the evidence on inequality trends; see Atkinson (2007). As is well-known,
disposable income inequality rose sharply in the US, with the Gini coefficient increasing by some 6
percentage points in the last three decades of the 20" century. Germany also experienced an increase
in the Gini coefficient over the period, although more moderate, while in France inequality fell

between 1970 and 2000 by about 6 Gini points.?
6. Concluding comments

The neoclassical growth model is one of the cornerstones of modern macroeconomic policy
analysis. Although the model has been extensively used to assess the impact of different forms of
taxation on aggregate magnitudes, the implications of changes in tax rates on the distribution of
income and wealth has received only limited attention. In this paper we have examined the
distributional responses to tax changes in a neoclassical growth model in which agents differ in their
initial wealth holdings.

The endogeneity of the labor supply plays a crucial role in our analysis. The key mechanism
whereby the initial distribution of capital endowments influences the distribution of income is
through the wealth effect, which implies that wealthier agents supply less labor, although the
resulting distribution of labor supplies is less unequal than that of the capital endowments. Tax
changes then have three distributional effects. First, during the transition to the new steady state,
agents will accumulate capital at different rates, implying a change in the distribution of wealth.
Second, tax changes have direct redistributive effects increasing or decreasing post-tax inequality for

a given degree of pre-tax inequality. Third, higher taxes lead to a lower labor supply of all agents,

9 The decline in output should therefore be interpreted as a (partial) ceteris paribus response rather than any prediction
pertaining to the behavior of aggregate output.

0 See also Alesina et al. (2005), who report a positive correlation between average hours worked in a country and the
Gini coefficient of income for OECD economies.
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but reduce that of the capital-rich by more than that of the capital-poor. This results in a more
dispersed distribution of labor incomes and, since they are negatively correlated with capital income,
tends to reduce pre-tax income inequality.

We have illustrated the effect of policy by examining the distributional consequences of
financing an increase in public spending through a variety of taxes. A clear trade-off between output
and inequality appears, with the modes of finance that result in higher output leading also to greater
inequality. When we examine the impact of an increase taxation that is used to finance transfers, the
wage tax emerges as the least desirable policy: it reduces substantially the labor supply and hence
output, and leads to an increase in post-tax income inequality. The alternative modes of finance
present again a policy trade-off, with the capital tax resulting in a large fall in both output and
inequality, while a higher consumption tax entails the smallest reduction in output but also in
inequality.

Finally, we conclude with a number of caveats. First, the infinitely-lived agent framework
abstracts from an important aspect of the evolution of the distribution of capital: the
intergenerational transmission of wealth. As a result, our analysis does not examine the potential role
of state taxes in determining distribution. This question has been addressed in other work that
complements our approach. Second, we have assumed no differences in wage rates across agents,
implying that the distribution of earnings depends exclusively on the distribution of hours of work.
Allowing for differences in the earning capacity of agents and examining how earning capacity and
wealth interact to determine labor supply is clearly an important question. Finally, the fact that the
distributions of wealth and income depend upon the initial jump in the labor supply implies that they
are path-dependent. This means that the distributional consequences of a fiscal shock (or any
structural shock) will depend upon whether it all occurs immediately, as we have been assuming, or

takes place over time. Further work is needed to understand these last two issues.
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Appendix

This Appendix is devoted to the derivation of several technical details

A.1  Derivation of the macroeconomic equilibrium

From the consumer problem in (3) and (4) we have the first-order conditions:

C/UGY =(l+1,)A

nC/ G = w(l-1,)A

ra—a)—ézﬂ—%—

where 4 is agent i’s shadow value of capital, together with the transversality condition

limAiKe” =0

t—w

From these equations we obtain
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Taking the time derivative of (A.2) yields
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This equation, together with (A.3), then implies
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Now turn to the aggregates. Summing (A.2), (A.4) and (7) over all agents, we get
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To obtain the macrodynamic equilibrium conditions (11) we substitute (2a) and (2b), together with
the government budget constraint (8) into (A.9) from which (11a) immediately follows. To obtain

(11b) we first take the time derivative of the aggregate production function (1)

Y=FK+FL

implying
Y_RKK Rl (A.10)
Y Y K Y '

Combining (A.7), (A.8), (A.10), and the product market equilibrium condition (11a) yields (11b)
A.2  Linearization of the aggregate dynamic system

Linearizing egs. (11a) and (11b) around the steady state yields the local dynamics for K and I,

DR oy

| 1-7 11-7 l1-7
where =(1-9)F -0-F, ——; =-F | (l-g)+—* |+F, —*<0;
all ( g) K KL771+TC a12 L[( g) 771_{_2_0} LL771+TC
1] F F
aZl:H_(I)_FKK(1_Tk)_£(1_7/)F_KLL_97/?K]a11:|;
1 [ F F
a22:H—(I)__FKL(l_fk)_((1_7/)F_KLL_97/?K]312}

and

T4 /) B b LS TR
| F F

A2



By direct calculation we can show that

(-7 ) Fe |:(1_9)F -J6K +i(l—1’| )}
H L n

I'=a,a,, —a,38, =

Substituting (13) and simplifying yields

= d-7 )(1_~T| )P R
HL7

In order for I'< 0 and for the equilibrium to be a saddlepoint, we require H >0, a condition that

holds if € is not too large, and we assume to be met.

We immediately see that a, <0. In order to determine the likely signs of the other

elements, it is useful to express them in terms of dimensionless quantities such as the elasticity of

substitution in production, e =F, F_/FF, and s=F,K/F, the share of output going to capital.

Thus, using the steady-state equilibrium conditions, we may write

0 - 1-g)e-D(B+6)-6(¢-5)(A-7,) (A.11a)
ell-7,)
FKK i —
321=H—E<{(ﬂ+5)+a111_§[1 7/(1+6’8)]} (A.11b)
Ay = _%{FKL(l_Tk)"'aiz {(1_7)%_97%}} (A.11c)

the signs of which involve tradeoffs between & and the other parameters. From (A.1lc) we

immediately find that our assumption y <0 is sufficient to ensure that a, >0, implying

1 —a,, <0. Inthe case of the Cobb-Douglas production function, a,, <0, while
sgn(ay) =sgn(Ss[l-y(1+0)]- (B +9))

This is certainly negative if either 6 =0 (no depreciation) or y =0 (logarithmic utility). It is also

negative for the parameter set employed in our numerical simulations: f=0.04, 6 =0.04,y =-1.5,

s=0.4.
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Table 1

Long-run Fiscal Changes (lump-sum tax-financed)
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Table 2

Alternative modes of financing increases in government expenditure

Lump-sum tax | Cons. tax Wage income tax Capital income tax
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Table 3: Increase in government expenditure
(increase in g by 5 percentage points from 0.15 to 0.20)

L K Y o, o, Oy
Base:
7=0.0776,7, =0.20, 0.277 3.777 0.944 1 0.211 0.211
7, =020, 7,=0.04
Lump-sum tax financed 0.292 3.986 0.997 0.9942 0.251 0.251
7 =0.0256 (+5.53%) | (+5.53%) | (+5.53%) | (-0.58%) | (+19.0%) | (+19.0%)
Wage income tax fin. 0.269 3.670 0.917 1.0026 0.189 0.226
7, =0.287 (-2.82%) | (-2.82%) | (-2.82%) | (+0.26%) | (-10.4%) | (+7.12%)
Capital income tax fin. 0.284 2.903 0.863 1.0291 0.238 0.184
7, =0.327 (+2.53%) | (-23.1%) | (-8.58%) | (+2.91%) | (+12.8%) | (-12.8%)
Table 4: Increase in Tax Rates
(used to finance an increase in the transfer by 5 percentage points)
L K Y o, o, oy,
Base:
g =0.15,7, =0.20, 0.277 3.777 0.944 1 0.211 0.211
7, =0.20,7, =0.04
Wage income tax incr. to 0.255 3.484 0.871 1.0062 0.146 0.184
7, =0.283 (-7.75%) | (-7.75%) | (-7.75%) | (+0.62%) | (-30.8%) | (-12.8%)
Cap. income tax incr. to 0.269 2.791 0.824 1.0283 0.196 0.142
7, =0.323 (-2.89%) | (-26.1%) | (-12.7%) | (+2.83%) | (-7.11%) | (-32.7%)
Consumption tax incr. to 0.263 3.598 0.899 1.0042 0.172 0.172
7, =0.112 (-4.78%) | (-4.78%) | (-4.78%) | (+0.42%) | (-18.5%) | (-18.5%)
Table 5: Policy parameters
7 7, 7, 9
us: initial 0.28 0.20 0.05 0.22
final 0.23 0.21 0.05 0.22
France: initial 0.40 0.33 0.15 0.40
final 0.45 0.40 0.15 0.40
Germany: initial 0.37 0.33 0.13 0.32
final 0.35 0.35 0.13 0.32
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Fig 2: Increase in T
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