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Abstract

How does taxation affect growth and inequality? We develop a Schumpeterian model
with wealth heterogeneity, which influences the effects of tax policy. Our model features
iso-elastic utility on leisure under which the change in consumption dispersion across het-
erogeneous households may cause a novel positive effect of labor income tax on employment
in addition to the usual negative effect, which together yield an overall ambiguous effect.
A negative (positive) effect on employment causes a negative (positive) effect on growth
and innovation in the short run and also a negative (positive) effect on the real interest
rate, which determines asset income. Consequently, labor income tax has an ambiguous
effect on gross income inequality but unambiguously increases consumption inequality by
reducing disposable wage income. Therefore, its effects on income inequality and con-
sumption inequality are drastically different. We also calibrate the model to examine its
quantitative implications.
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1 Introduction

Macroeconomists often evaluate the effects of government policies in macroeconomic models
that feature a representative household. However, household heterogeneity potentially influ-
ences the effects of government policies. In this study, we explore the following question: how
does household heterogeneity influence the effects of tax policy on economic growth and in-
come inequality? To explore this question, we develop a Schumpeterian growth model with
endogenous market structure and heterogeneous households. Specifically, we consider an un-
equal distribution of wealth among households. Given elastic labor supply, wealth inequality
also generates an endogenous distribution of wage income among households. In this case, labor
income tax affects employment, innovation, economic growth and income inequality. Our model
provides a tractable framework for analytically deriving the complete transition dynamic effects
of tax policy on the distributions of income and consumption, in addition to macroeconomic
variables, such as employment, innovation and economic growth.

A key novelty of our analysis is that the wealth distribution can influence how tax policy
affects the aggregate economy. Our model features an iso-elastic utility function on leisure. It
turns out that the elasticity of intertemporal substitution for leisure determines whether the
wealth distribution influences the effects of labor income tax on the aggregate economy. If
this elasticity is equal to unity, then the wealth distribution does not influence the effects of
labor income tax, which are the same as in a representative-household model. However, if this
elasticity is not equal to unity, then the wealth distribution influences the effects of labor income
tax by changing the dispersion of consumption across heterogeneous households. Specifically,
poor (rich) households experience a reduction (rise) in their consumption share, which by itself
increases (decreases) their labor supply for a given tax rate. Whether total labor increases or
decreases depends on the elasticity of intertemporal substitution for leisure.

When the elasticity of intertemporal substitution for leisure is greater than unity, the change
in the dispersion of consumption amplifies the usual negative effect of labor income tax on ag-
gregate employment. Interestingly, when the elasticity of intertemporal substitution for leisure
is less than unity, the change in the dispersion of consumption gives rise to a novel positive
effect of labor income tax on aggregate employment, in addition to the usual negative effect.
As a result, when the degree of wealth inequality is sufficiently high, the overall effect of labor
income tax on aggregate employment can surprisingly become positive due to poor households
increasing labor supply.

The above negative (positive) effect of labor income tax on aggregate employment gives
rise to a negative (positive) effect on economic growth and innovation in the short run. These
ambiguous effects of income taxation on growth are consistent with the empirical results in
Gale et al. (2015), who identify both positive and negative effects in the US.! In the long run,
endogenous market structure removes the scale effect on long-run growth, so that labor income
tax does not affect the steady-state growth rate. The short-run negative (positive) effect on
consumption growth in turn causes a short-run negative (positive) effect on the real interest
rate via the households’ consumption Euler equation. Because the long-run growth rate is
independent of aggregate employment in our scale-invariant Schumpeterian model, the effect of
labor income tax on the real interest rate also becomes neutral in the long run.

At the individual level, labor income tax also affects the income distribution. In the short

1See also their discussion on the contrasting results in the empirical literature.



run, an increase in labor income tax that finances government consumption affects gross income
inequality partly via the real interest rate, which determines asset income relative to wage
income. Therefore, if labor income tax has an ambiguous effect on the real interest rate in
the short run, it also has an ambiguous effect on gross income inequality in the short run.?
However, the distribution of consumption is based on net income. In the case of consumption
inequality, a higher labor income tax rate unambiguously increases consumption inequality in
both the short run and the long run because higher labor income tax reduces disposable wage
income relative to asset income, which is more unequally distributed. Therefore, the effects of
labor income tax on income inequality and consumption inequality are drastically different. We
also calibrate the model to data to examine its quantitative implications.

This study relates to the growth-theoretic literature on innovation. In this literature, the
seminal study by Romer (1990) develops the first innovation-driven growth model based on the
introduction of new products. Then, Aghion and Howitt (1992) develop the Schumpeterian
growth model based on the innovation of better products; see also Grossman and Helpman
(1991) and Segerstrom et al. (1990). Subsequent studies by Howitt (1999), Peretto (1998,
1999) and Smulders and van de Klundert (1995) combine these two dimensions of innovation
to develop the Schumpeterian growth model with endogenous market structure, which removes
the scale effect from the model.> Subsequent studies in this literature apply different variants
of the innovation-driven growth model to explore the effects of various fiscal policy instruments
on growth and innovation; see for example, Arawatari et al. (2023), Chen et al. (2017, 2023),
Haruyama and Itaya (2006), Lin and Russo (1999), Peretto (2003, 2007, 2011), Suzuki (2022)
and Zeng and Zhang (2002). This study contributes to this branch of the literature by de-
veloping a Schumpeterian growth model with endogenous market structure and heterogeneous
households to explore the effects of tax policy on economic growth and income inequality.

Therefore, this study also relates to the literature on income inequality and economic growth.
Early studies in this literature explore the relationship between income inequality and economic
growth that is driven by the accumulation of capital; see for example, Aghion and Bolton
(1997), Galor and Moav (2004) and Galor and Zeira (1993). More recent studies explore the
relationship between income inequality and economic growth that is driven by innovation; see
for example, Aghion et al. (2019), Chou and Talmain (1996), Chu and Peretto (2023), Foellmi
and Zweimuller (2006), Garcia-Penalosa and Wen (2008), Jones and Kim (2018) and Zweimuller
(2000). A recent study by Schetter et al. (2024) integrates international trade into the study of
innovation and income inequality using an open-economy Schumpeterian growth model. This
study contributes to this branch of the literature by developing a Schumpeterian growth model
with heterogeneous households to derive the complete transition dynamic effects of tax policy on
innovation and income inequality and explore how these effects are influenced by the underlying
wealth distribution.*

The rest of this study is organized as follows. Section 2 presents the Schumpeterian model.

2Many empirical studies find a negative effect of income tax on income inequality; see the discussion in
Troiano (2017), who however provides quasi-experimental evidence on a positive effect of income tax on income
inequality in the US.

3See Laincz and Peretto (2006) for a discussion of the scale effect in the Schumpeterian model and Ang and
Madsen (2011) and Madsen (2008, 2010) for empirical evidence that supports the Schumpeterian model with
endogenous market structure.

4See also Chu (2010), Chu and Cozzi (2018) and Chu et al. (2019, 2021) who explore the effects of patent
policy and monetary policy on innovation and income inequality in the Schumpeterian growth model.



Section 3 explores the effects of tax policy. The final section concludes.

2 Household heterogeneity in the Schumpeterian model

In the Schumpeterian growth model with endogenous market structure, the growing number of
products causes a dilution effect that removes the scale effect from the model. We consider the
variant in Peretto (2015) and introduce heterogeneous households as in Chu (2010) and Chu and
Cozzi (2018) to the model. This variant of the Schumpeterian growth model with endogenous
market structure and heterogeneous households is based on Chu and Peretto (2023), which we
extend further to consider a government sector and fiscal policy instruments in order to explore
the effects of labor income tax on economic growth and income inequality.

2.1 Heterogeneous households

We consider a unit continuum of households indexed by h € [0,1]. They exhibit identical
preferences over consumption and leisure but have different levels of wealth. The utility function
of household h is given by

U(h) = /e(px)t {111 ci(h) + ﬁ 11— lt(h)]l_l/w} dt, (1)

where p > 0 is the subjective discount rate, n > 0 measures the importance of leisure and w > 0
determines the elasticity of intertemporal substitution for leisure 1 — [;(h). Each member of
household h devotes I;(h) units of time to employment and consumes ¢;(h) units of final good.
Finally, A € (0, p) is the population growth rate, and we normalize the initial population size
to unity (i.e., Ly = ).

Household h maximizes (1) subject to

ar(h) = (re — Nag(h) + (1 — 7)wili(h) — ci(h) + 4, (2)

where 7 is the real interest rate on assets a;(h) per capita in household h. Each member of
household & supplies [;(h) units of labor to earn a real wage rate w; and pays labor income tax
TwWeli(h) to the government, in which 7, € (0, 1) is the labor income tax rate. Each member
of household h also receives a lump-sum transfer ¢; > 0 (or tax ¢, < 0) set by the government.
From dynamic optimization, we derive the growth rate of consumption per capita in household

h as
alh)
ce(h)
which shows that the growth rate of consumption is the same across households such that
¢(h)/ei(h) = é/cp = ry — p, where ¢, = fol ¢;(h)dh denotes average consumption per capita.
Therefore, the growth rate of average consumption is also given by

=Tt =P, (3)

&
L —r,—p. (4)
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Labor supply from each member of household A is

ney(h) r,

(1 — 7y)wy

li(h) =1— { (5)

which is increasing in the wage rate w; but decreasing in the level of consumption ¢;(h) and the
labor income tax rate 7.

2.2 Final good

Competitive firms produce final good Y; using the following production function:

Nt
vi— [ x0) [Zﬁ(z')z;-a
0

I 1-60
| ©)

where {0, a, 0} € (0,1). The quantity of differentiated intermediate good i is denoted as X;(7),
and there are N; differentiated intermediate goods in the economy at time t. The quality of
intermediate good i is denoted as Z,(i), and Z; = N% ONt Z;(i)di is the average quality of all
N; intermediate goods. The degree of technology spillovers is captured by 1 —a € (0,1). L,
denotes production labor, and the specification L, ;/ N}~ captures a congestion effect of variety
Ny, which removes the (strong) scale effect for 1 — o > 0.

We perform profit maximization to derive the conditional demand functions for L, and

X, (i) as

Y,
Lyy= (1~ 0)52, (7)
| g V0 g
X0 = || ZOZE ®)
t

where P;(i) denotes the price of X;(i). Due to perfect competition, final-good firms pay (1 —
0)Y; = wiL,,; for production labor and 0Y; = ONt P, (1) X;(i)di for intermediate goods.

2.3 Intermediate goods and in-house R&D

The economy features a continuum of differentiated intermediate good i € [0, NV;]. Each dif-
ferentiated intermediate good i is produced by a monopolistic firm using a linear production
function. Specifically, it requires X;(¢) units of final good to produce X;(7) units of intermediate
good i. The monopolistic firm also needs to incur ¢Z2(i)Z;~* units of final good as a fixed
operating cost, where ¢ > 0 is an operating cost parameter. To improve the quality Z;(7) of its
product, the monopolistic firm performs in-house R&D by investing R;(7) units of final good.
The process for quality improvement is given by

Zy(i) = Ri(i). (9)
The before-R&D profit flow of the monopolistic firm at time ¢ is

IL(i) = [P(i) — 1X,(i) — 627 () 2, (10)
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and the value of the monopolistic firm at time ¢ is

Vit = [ e (— | ruczu) IL,(i) — Ry()] ds (11)

The firm maximizes V(i) subject to (8)-(10). We perform this dynamic optimization prob-
lem in Appendix A to show that the unconstrained profit-maximizing price P;(i) is given by
1/6. However, we assume the presence of competitive fringe firms, which can also produce X;(7)
with the same quality Z;(i) but at a higher marginal cost p € (1,1/6). Bertrand competition
then implies that the monopolistic firm sets

P(i) = min {11, 1/0} = pu. (12)
Following the standard approach in the literature, we consider a symmetric equilibrium in which
Zi(1) = Zy and X,(i) = X, for i € [0, V¢]. From (8) and (12), the quality-adjusted firm size is

X (0" L (13)
Zt U Ntl—o"

where we have used the labor-market-clearing condition L, ; = [;L; in which [, and [;L;, respec-
tively, denote average and aggregate employment. For notational convenience, we define the
following transformed state variable:

9 1/(1-0) L
= (—) L (14)
K N,

which determines the dynamics of the economy. Lemma 1 shows that the rate of return on
quality-improving R&D is increasing in firm size ;.

Lemma 1 The rate of return on quality-improving in-house R&D 1is

ri = a% =al(p—1)zd — ¢]. (15)

Proof. See Appendix A. m

2.4 Entrants

Following the standard approach in the literature for ensuring a symmetric equilibrium at any
time ¢, we assume that entrants have access to aggregate technology Z;. To develop a new
intermediate good and begin its production, a new firm incurs 5.X; units of final good, where
is an entry-cost parameter. We use the asset-pricing equation to determine the rate of return
on the value V; of a monopolistic firm as

Ht_Rt ‘/t
v, W

(16)

Ty =
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in which monopolistic profit (net of R&D expenses) is II; — R; and capital gain is V;. The
free-entry condition requires that firm value V; is equal to the entry cost SX; at any time ¢:

Vi = BX. (17)
We substitute (9), (10), (12), (13), (14) and (17) into (16) to derive the rate of return on entry
as .
1 Qb + Zt lt -j?t
e _ = 11— 2oyt 18
Ty ﬁ(u s )+lt+xt+zt’ (18)

where z; = Zt /Z; is the quality growth rate.

2.5 Government

The government sets the labor income tax rate 7,, > 0 and uses the tax revenue to finance its
spendings. The government’s balanced-budget condition is

1
Gt + 7_;5 = |:/ Twwtlt(h)dh] Lt = TwwtltLt, (19)
0

where G; > 0 is government consumption that does not affect productivity and changes endoge-
nously to balance the fiscal budget.” Lump-sum transfer T, = ¢, L, is assumed to be proportional
to output (i.e., 7; = 7Y;), where the policy parameter v is the ratio of lump-sum transfer v > 0
(or tax v < 0) to output. Finally, [; = fol l;(h)dh denotes average employment per capita.

2.6 Equilibrium

The equilibrium is a time path of allocations {at, ¢;, Yy, Iy, Ly, Xi(7), R (7)} and a time path of
prices {ry, wy, P,(1),V; (i)}. At any time ¢, the following conditions hold:

e households maximize (1) taking {r;, w;} as given;
e competitive firms maximize profit by producing Y; and taking { P,(i), w,} as given;

e a monopolistic firm maximizes V;(i) by producing X;(i) and choosing { P;(7), R:(i)} while
taking r; as given;

e the entry condition holds such that V; = fX;

e the value of existing monopolistic firms is equal to the value of households’ assets such
that NV, V, = [fol at(h)dh} L, = a;Ly;

e the government balances its fiscal budget such that G; + T, = T, wyl; Ly;

51t is useful to note that we could allow for a mix of productive and unproductive government spendings. Our
results would remain unchanged so long as we treat the unproductive government spending as the endogenous
balancing item in the fiscal budget.



e the labor-market-clearing condition holds such that [,L; = L, ;; and

° the final-good-market-clearing condition holds such that Y; = C; + N(X; + ¢Z; + Ry) +
N;5X; + G4, where C; = ¢;L; denotes total consumption.

2.7 Aggregation

Substituting (8) and (12) into (6) and imposing symmetry yield the aggregate production
function:

0 0/(1-6)
}/t - (;) Nto-ZtltLt. (20)

Therefore, the growth rate of per capita output y, = Y;/L; is

j I
%:U”t+2t+—t»

21
Yt ly ( )

where n, is the growth rate of variety N, and z; is the growth rate of quality Z;.

2.8 Dynamics of the aggregate economy

Let s.¢(h) = ¢;(h)/c; denote the consumption share of household h at time ¢. We integrate
l:(h) in (5) across households to obtain the average employment function as follows:

L nly al” o
e (e e =

in which we have used w;l; = (1 — 0) y; from (7) whereas A.; denotes a consumption dispersion

index defined as
1 5
At = {/ [set(R)]” dh} )
0

Equation (22) shows that average employment [, depends on the consumption dispersion index
A.; and the consumption-output ratio ¢;/y;. Therefore, we need to first derive the dynamics
of the consumption dispersion index and the consumption-output ratio.

The consumption dispersion index A.; is an aggregate of the consumption share s..(h).
Taking the log of s.:(h) = ¢;(h)/c; and differentiating the resulting expression with respect to
time yield

sc,t(h> o Ct(h) _ ﬁ
Set(h) e(h) o
Given that ¢(h)/ci(h) = é/¢ from (3) and (4), (23) becomes $..(h) = 0 for all time ¢ > 0,
which implies that s..;(h) = s%(h) and A.; = A remain stationary across time by jumping to
their steady-state values. Moreover, in the proof of Lemma 2, we show that the consumption-
output ratio ¢;/y; also jumps to its unique steady-state value, which ensures the stationarity

(23)
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of the wealth distribution even along the transition path of the aggregate economy, as we will
show.

Lemma 2 The consumption-output ratio c;/y, jumps to a unique steady-state value:

T
<§> = (=) (L= )+ 7+ (=) >0 (24)

Proof. See Appendix A. =

Lemma 2 implies the following results: (a) the steady-state value of the consumption-output
ratio (¢/y)" is decreasing in the labor income tax rate 7,,; (b) average employment [/; in (22)
jumps to its steady-state equilibrium value [* because the consumption dispersion index A, is
also stationary and jumps to A’; and (c) consumption and output grow at the same rate g; at
any time ¢ such that

gtzﬁzﬁzrt—p, (25)
Ye G
where the last equality uses (4). Then, we can combine (15) and (25) by setting r, = r{ to
derive the equilibrium growth rate as

g = af(p— 1) xd" — ¢] — p, (26)

where ¢; is increasing in firm size x;[*. Recall that average employment [* is determined by

- nl* v 08 U ey
=1 {(1_Tw)(1_9) (1=7w) (L =0)+ 7+ =" A)” (A" (27)

which uses (22) and (24). Equation (26) shows that the dynamics of the growth rate g, is
determined by the state variable x; defined in (14). Its law of motion is given by i;/x; =
A — (1 — o) ng, where the variety growth rate n; is also a function of x; as shown in the proof
of Lemma 3.

Lemma 3 The dynamics of x; is given by the following one-dimensional differential equation:

e e (o) fomoe - 2]

(28)

Proof. See Appendix A. =

Lemma 3 shows that the dynamics of x; is globally stable if the following parameter condition
holds:

ﬁ¢>é{u—1—ﬁ<p+%)]>u—l- (29)
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Given (29), the state variable x; gradually converges to a unique steady-state value:

e (-a)o—(pr) 1
I—a)(n=1) =B (p+ )"
In other words, given an initial value, z; gradually converges its steady-value state 2* in (30).

As x; converges to z*, the equilibrium growth rate g; of output per capita in (26) also converges
to its steady-value state:

g*:a{w—l) (=)o~ (p+2)] —¢}—p>o,

(30)

EDITED R (31

which is independent of the labor income tax rate 7,,. Intuitively, although labor income tax
T affects employment [*, the scale-invariant property of the Schumpeterian growth model with
endogenous market structure removes the effects of changes in employment [* on the steady-
state equilibrium growth rate g*.

2.9 Dynamics of the wealth distribution

In this section, we show the stationarity of the wealth distribution, which in turn is given
by its initial distribution that is predetermined at time 0. Intuitively, although the aggregate
economy features transition dynamics from the dynamics of the state variable x;, the wealth
distribution always remains stationary because both the consumption-output ratio ¢;/y, and
the consumption share s..(h) are stationary.

2.9.1 General case w € (0,0)

Integrating (2) across households yields the following asset-accumulation equation:

a; = (1 — ANag + (1 = To)wily — ¢ + 1. (32)

Let s,¢(h) = at(h)/a; denote household h’s share of wealth in the economy. Taking the log of
wealth share s,;(h) and differentiating the resulting expression with respect to time yield

Sag(h) a(h) a o — (1 —=Tw)wly — 1 c(h) — (1 —7y) wili(h) — 1

- U - . (33
Sa,t(h) at(h) Qg Qy at(h) ( )
where we have used (2). Equation (33) can be re-expressed as
— (1 = 7)) wyly — et(h)ey — (1 — 7)) wily(h) —
Sa(h) = e — ( Ta)wtt Fyytsa,t(h) _ S t(h)er — ( ; ) wily(h) ’Yyt’ (34)
t t

where we have used s..(h) = ¢;(h)/c; and 1, = yy;.

Recall that ¢(h)/ci(h) = ¢/ and the consumption share s.;(h) of any household h is
stationary such that s..(h) = si(h) and A.; = AL Given {ay, ¢, yi, wy} all grow at the same
rate g; at any point in time due to the stationary consumption-output ratio ¢;/y: = (¢/y)*, (34)
becomes a one-dimensional differential equation as shown in Proposition 1, which describes the
dynamics of s,;(h) given an initial value s, (h). In Appendix A, we show that the coefficient on

10



Sat(h)is p— X > 0. Together with the fact s, +(h) is a pre-determined variable, the only solution
of (34) that is consistent with long-run stability is $,.(h) = 0 for all time ¢, which is achieved
by the consumption share s..(h) jumping to its steady-state value s’ (h) (which implies that the
consumption dispersion index A.; also jumps to its steady-state value A}) and employment
l;(h) jumping to its steady-state value [*(h) (which implies that average employment [, also
jumps to its steady-state value [*) as shown in the previous section.

Proposition 1 shows that as an equilibrium outcome, the wealth distribution is stationary
and remains the same as the initial distribution given at time 0.

Proposition 1 The dynamics of s.:(h) is given by an one-dimensional differential equation:
pofe\ . p(l—7w)( = 0) [I*(h) = I"

—— | - h)—1 35
i (£) -y 10T )= (s)

where (c/y)*, si(h) and I*(h) are stationary and independent of time. Therefore, the wealth
share of household h € [0, 1] is given by s,1(h) = Sa0(h) for all time t.

Sat(h) = (p = A) [Sar(h) — 1]

Proof. See Appendix A. =

Imposing $,:(h) = 0 on (35) yields the steady-state value of s.;(h) determined by

s (h) = (1—74)(1-0) I nl* (g)* wsz(h)w . v+ % (p<c>i\) Sa,o(h)7

I+ (g)* (1—7y)(1—190)
where we have used (5) and (7) and the average level of employment [* in (27) can be re-

y
expressed as
08
+-=(p—A
IF=1-<nl* 1—1—7 “('0 )
(1—71

S } (A2 (37)

Equation (36) provides an implicit solution for s*(h), which can be integrated across households
to obtain the consumption dispersion index A. Given the complexity of (36), we focus on the
special case w = 1 under which A’ =1 for some of the analytical results.

(36)

2.9.2 Special case w =1

Setting w = 1 in (37) and using (¢/y)* from (24) yield the average level of employment as

= ! (39)

1*”{1+m 7+%(p—A)]}

which is decreasing in the labor income tax rate 7, given v + % (p—A) > 0. Then, setting
w=1in (36) yields

| D) 05 (6 s, (h)

T () =)+ + Z(p - )

where the average level of employment [* is given in (38).

, (39)

s.(h)
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2.10 Dynamics of the income distribution

In this section, we derive the dynamics of the income distribution. Although the wealth distrib-
ution remains stationary, the transition dynamics of the real interest rate leads to an endogenous
evolution of the income distribution. Therefore, upon deriving the transition dynamics of the
real interest rate r;, we can also obtain the transition dynamics of income inequality.

2.10.1 General case w € (0,00)

Gross income received by each member of household h is

Li(h) = (re — A) ac(h) + wile(h) + ¢4 (40)

Integrating I;(h) across households yields the average level of gross income per capita as

It = (T’t — )\) ay + wtlt + U4. (41)

Let s;i(h) = I:(h)/I; denote the share of gross income received by household h. Combining
(40) and (41), we have

- Sa’()(h) (Tt — )\) ag + wtlt(h) + U
S[jt(h) =
(Tt — )\) a; + wtlt + Lt
which also uses a;(h) = sq¢(h)a; = Sq0(h)a;. Equation (42) determines the dynamics of the
share of gross income received by household h and allows us to derive any moment of the income
distribution. We measure income inequality by the standard deviation of income share sy;(h)

defined as 07 = \/ fol [s1..(h) — 1% dh, which is also the coefficient of variation in income I, (h).

, (42)

2.10.2 Special case w =1
Proposition 2 derives the equilibrium expression for the degree of income inequality oy, at any

time t for the special case of w = 1.

Proposition 2 For w = 1, the degree of income inequality at any time t is given by

Tt_)\_ 1_777'11) <%> gt+,0_)\_ 1_nTw (%)
0aq.0 —
A1 =0+7) " g p— A+ (1 -0+9

Ot =

)Ua,07 (43)

where the degree of wealth inequality 0,0 = \/ fol [Sa0(h) — 1]2 dh is determined at time 0.
Proof. See Appendix A. =

Equation (43) shows that income inequality o, depends on the growth rate g; because of
the real interest rate r, = p+ g;. Therefore, the transition dynamics of income inequality o is
governed by the transition dynamics of the growth rate g; in (26) that is driven by the dynamics
of the state variable z; in (28). Moreover, income inequality is increasing in the growth rate g;
for a given degree of wealth inequality o, that is determined by the initial wealth distribution
at time 0.

12



2.11 Dynamics of the consumption distribution

In this section, we explore the consumption distribution. To measure consumption inequality,
we once again consider the standard deviation of consumption share s.;(h) defined as o.; =

\/ fol [sc.1(h) — 1]* dh, which is also the coefficient of variation in consumption ¢,(h). It is useful

to recall that the consumption share s*(h) is stationary, so that the degree of consumption
inequality o7 is also stationary.

Proposition 3 derives the stationary degree of consumption inequality ¢ at any time ¢ for
the special case of w = 1. Equation (44) shows that consumption inequality is stationary
because the real interest rate r; does not affect the consumption share s(h) in (39).

Proposition 3 For w =1, the degree of consumption inequality at any time t is given by

1 p=N)
ClEn(A-T7,) (10 +v+ L (p—N)

0-&07 (44)

which 1s stationary across time.

Proof. See Appendix A. =

3 How taxation affects growth and inequality

In this section, we explore the complete dynamic effects of labor income tax on growth and
inequality. We first consider the special case of w = 1. Section 3.1 presents the effects of labor
income tax on economic growth. Section 3.2 presents the effects of labor income tax on income
inequality. Section 3.3 presents the effects of labor income tax on consumption inequality. Then,
Section 3.4 explores the general case of w # 1. Section 3.5 performs a quantitative analysis.

3.1 Labor income tax and economic growth

Equation (26) shows that the transitional growth rate g, of output per capita is increasing in
employment [* for a given z;. For the special case of w = 1, the level of average employment
[* is given in (38) and decreasing in the labor income tax rate 7,. Therefore, an increase in
the labor income tax rate reduces the transitional growth rate g;. However, (31) shows that
the steady-state equilibrium growth rate g* is independent of the labor income tax rate 7.
Therefore, the reduction in economic growth is temporary, and the equilibrium growth rate g,
eventually returns to the initial steady-state value ¢* in (31); see Figure 1 for the time path of
economic growth when the labor income tax rate 7,, rises at time ¢. Proposition 4 summarizes
the complete dynamic effects of labor income tax on economic growth.
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Proposition 4 For w =1, an increase in the labor income tax rate T, leads to a reduction in

*

the transitional growth rate g, but does not affect the steady-state growth rate g*.

Proof. Proven in text. m

»

time

3

Figure 1: Labor income tax and economic growth

3.2 Labor income tax and income inequality

Equation (43) shows that the degree of income inequality o, is decreasing in the labor income
tax rate 7, and increasing the equilibrium growth rate g;. Therefore, in addition to a direct
negative effect of labor income tax on income inequality, the negative effect of labor income tax
on economic growth also affects income inequality. Specifically, an increase in the labor income
tax rate 7, reduces the degree of income inequality o;; via a reduction in the growth rate g:;
see Proposition 4. However, this indirect negative effect on income inequality is temporary. As
the equilibrium growth rate g; returns to the initial steady-state value g*, the indirect negative
effect on income inequality also disappears, but the degree of income inequality o;; remains
below the initial steady-state value o due to the direct negative effect of 7, in (43). Intuitively,
the negative effect of labor income tax 7,, on labor supply is stronger for wealthier households
as shown in (5), and the larger reduction in wealthier households’ wage income reduces income
inequality. Figure 1 presents the time path of income inequality when the labor income tax
rate 7, rises at time t. Proposition 5 summarizes the complete dynamic effects of labor income
tax on income inequality.

Proposition 5 For w = 1, an increase in the labor income tax 7, leads to a reduction in
income inequality or, but the decrease is larger in the short run than in the long run.

Proof. Proven in text. m
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Figure 2: Labor income tax and income inequality

3.3 Labor income tax and consumption inequality

Equation (44) shows that the degree of consumption inequality o7 depends on the labor income
tax rate. Interestingly, this effect is positive and permanent. In other words, an increase in the
labor income tax rate raises the degree of consumption inequality o} permanently. Recall that
consumption depends on net income. Therefore, an increase in the labor income tax rate reduces
disposable wage income relative to asset income, which is more unequally distributed, and gives
rise to an increase in consumption inequality. Figure 3 presents the time path of consumption
inequality when the labor income tax rate 7, rises at time ¢. Proposition 6 summarizes the
permanent effect of labor income tax on consumption inequality.

Proposition 6 Forw = 1, an increase in the labor income tax T, leads to a permanent increase
in the degree of consumption inequality o .

Proof. Proven in text. m

.

t time

Figure 3: Labor income tax and consumption inequality
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3.4 When does the wealth distribution matter?

Equation (37) shows that for a given consumption dispersion index A¥, an increase in the labor
income tax rate 7, has a direct negative effect on employment [*. However, labor income tax
also affects consumption dispersion unless (a) si(h) = 1 for all 4 € [0, 1] under homogeneous
households or (b) w = 1 under which A* = 1 even in the case of heterogeneous households.
In the general case w # 1 under heterogeneous households, the effects of labor income tax on

consumption dispersion is given by

9 (A7)" — /01 [s7 ()< Md}% (45)

OTw ¢ OTw

which can be positive or negative.

Given the complexity of (45), we consider the following simple parametric example for the
wealth distribution: s,o(h) = 1—¢ for h € [0,0] and s,9(h) = 1+6/(1—06) for h € (9, 1], where
the parameter § € (0,1) measures the share of poor households and the parameter ¢ € (0, 1]
measures the degree of wealth inequality. In this case, (45) becomes

€ OT w ¢ 0Ty

= wi{ls@) - b 2R,
N——

d (A:)w - W {5 [8*(p)]w—1 aSZ(p) + (1 . 6) [S*(Tﬂw_l 85:(T) }

in which s*(p) and s’(r) denote, respectively, the consumption share of a poor household with
wealth share s,(p) = 1 — ¢ and the consumption share of a rich household with wealth share
Sa0(r) = 14+€6/(1—0) whereas the second equality uses ds’(p)+ (1 —0)sk(r) = 1. It is useful to
note that the consumption share of poor households s*(p) is decreasing in the labor income tax
rate 7, and that a poor household has a lower consumption share than a rich household such
that s¥(p) < si(r). Higher labor income tax 7, reduces the consumption of poor households
relative to rich households because the former has a higher level of wage income and a lower
level of asset income than the latter.

Therefore, if w > 1, then [s*(p)]“" < [s*(r)]* " and 0 (A*)” /O, > 0. In other words,
labor income tax has a positive effect on consumption dispersion, which in turn amplifies
the negative effect of 7,, on employment [* in (37). On the other hand, if w € (0,1), then
[s*(p)]“~" > [s(r)]°"" and O (A%)“ /1, < 0. In this case, labor income tax has a negative
effect on consumption dispersion which in turn gives rise to a novel positive effect on employment
I* due to wealth inequality ¢ € (0, 1], in addition to the direct negative effect of 7, in (37). As
a result, the overall effect of labor income tax on employment [* and the transitional growth
rate g; becomes ambiguous under w € (0, 1).

Proposition 7 summarizes the effects of labor income tax on employment and economic
growth under the general case w # 1 with heterogeneous households.
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Proposition 7 Forw > 1, an increase in the labor income taz rate 7, at time t has a negative
effect on employment I* and the instantaneous growth rate g, at time t. For w € (0,1), an
increase in the labor income tax rate T, at time t can have a negative or positive effect on
employment [* and the instantaneous growth rate g; at time t. In both cases, the increase in the
labor income tax rate T,, does not affect the steady-state growth rate g*.

Proof. See Appendix A. =

3.4.1 What if rich households don’t work?

In the previous analysis, we assume that all households supply labor such that (*(h) > 0 for all
h € [0,1]. However, when the wealth share s,o(r) of rich households is sufficiently high, they
choose not to supply any labor such that {*(r) = 0. In this case, the supply of labor by poor
households is solely determined by the following equation:®

Y+ L (- (1-¢)
1- 7)1 0)

(p)=1- {7751*(29) + nl*(p)} : (46)

where we have used [* = §I*(p) which is now increasing in the labor income tax rate 7, if and
only if v+ % (p—A) (1 —¢) < 0.7 It is useful to note that a high degree ¢ of wealth inequality
makes this parameter condition more likely to hold and that the resulting positive effect of labor
income tax on employment and growth can now be present for any value of w > 0. Proposition
8 summarizes the effects of labor income tax on employment and economic growth when rich
households do not work (i.e., I*(r) = 0).

Proposition 8 Suppose I*(r) = 0. Then, for any value of w > 0, an increase in the labor
income tax rate T,, at time t has a positive (negative) effect on employment I* and the instan-
taneous growth rate g; at time t if v + % (p—AN)(1—-¢)<0 (v+ % (p—A)(1—¢)>0). In
both cases, the increase in the labor income tax rate T,, does not affect the steady-state growth
rate g*.

Proof. First, use (46) to show that [*(p) is increasing (decreasing) in 7, if fy—i—% (p=AN)(1—-¢)<
0 (> 0). Then, note that I* = §I*(p). Finally, use (26) to show that ¢; is increasing in [* and
(31) to show that g* is independent of [*. =

6See the proof of Proposition 7 in Appendix A.
"Recall that v can be negative in case of a lump-sum tax. Also, ¢ can be greater than unity if poor households
have negative wealth (i.e., debt).
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3.5 Quantitative analysis

In this section, we calibrate the model using US data in order to quantitatively examine the
growth and inequality effects of tax policy. The model features the following 14 parameters
{w, p, pty0,0,0, Ty, A, &, B,m,7,0,e}. These parameter values are determined as follows. We
consider three values of the elasticity of intertemporal substitution for leisure w € {0.2,1,1.5}.
Given (5), it can be shown that the elasticity of labor supply is given by w(1 — [*)/l*. Under
our calibrated parameter values, the values of w € {0.2,1,1.5} correspond to labor supply
elasticity of {0.4,2, 3}, which are within the range of empirical estimates in the literature.® For
the discount rate p, we set it to 0.03. For the markup ratio u, we consider a conventional value
of 1.2, which is within the range of estimates summarized in Jones and Williams (2000). We
follow Tacopetta and Peretto (2021) to consider a value of 0.67 for the degree of technology
spillover 1 — «. We set the degree of congestion 1 — o to 0.5 as in lacopetta et al. (2019). The
labor share of output 1 — @ is set to a value of 0.65.° The average tax rate 7, on wage income
is 23% in the US.!Y For the population growth rate \, we set it to 1.58%, which corresponds to
the average employment growth rate in the US from 1979 to 2019.!

For other parameters, we calibrate them to match empirical moments of the US economy.
For the cost parameters {¢, 5}, we calibrate them by using an average growth rate of GDP per
capita of 2% and an average R&D share of GDP of 2.6%.'2 We calibrate the leisure parameter
7 by matching the share of time spent on working to 0.33. For the parameter ~, we calibrate it
using an average ratio of government spending to GDP of 16.06%.!*> We calibrate the share of
rich households 1—¢ and the degree of wealth inequality € by using the distribution of household
wealth. In the US, the top 10% of households owns 65.32% of total wealth. We summarize the
benchmark parameter values in Table 1.

Table 1: Benchmark parameter values
w P 1 Q o 0 Tw A 0] 6] i y 4] €
0.20 | 0.03 | 1.20 | 0.33 | 0.50 | 0.35 | 0.23 | 0.016 | 0.086 | 2.709 | 0.395 | -0.011 | 0.90 | 0.615
1.00 | 0.03 | 1.20 | 0.33 | 0.50 | 0.35 | 0.23 | 0.016 | 0.086 | 2.709 | 2.000 | -0.011 | 0.90 | 0.615
1.50 [ 0.03 | 1.20 | 0.33 | 0.50 | 0.35 | 0.23 | 0.016 | 0.086 | 2.709 | 2.289 | -0.011 | 0.90 | 0.615

Given the parameter values in Table 1, we simulate the effects of labor income tax 7,, on
average employment [*, the growth rate g; of output per capita, income inequality o;; and
consumption inequality o.;. Figure 4 to 7 simulate the instantaneous effects of tax policy for
a given x; at time ¢. Figure 4 and 5 show that labor income tax 7, has negative effects on
average employment [* and the instantaneous growth rate g; of output per capita in the case
of w € {1,1.5}. These values of w correspond to a labor supply elasticity of 2 and 3, which
are within the range of macroeconomic estimates. In this case, we obtain the conventional
negative effect of labor income tax on employment. However, in the case of w = 0.2, the

8See for example, Chetty et al. (2011) and Keane and Rogerson (2012). It is useful to note that macro-
economic estimates for labor supply elasticity tend to be greater than unity, whereas microeconomic estimates
tend to be smaller than unity.

9See for example, Karabarbounis and Neiman (2014).

0Data source: OECD Database.

'Data source: Business Dynamics Statistics.

12Data source: Federal Reserve Economic Data and OECD Database.

BData source: Bureau of Economic Analysis.
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effects of labor income tax 7,, on average employment [* and the instantaneous growth rate
g; of output per capita become positive due to poor households increasing labor supply. This
value of w = 0.2 corresponds to a labor supply elasticity of 0.4, which is within the range of
microeconomic estimates. In this case, we obtain the novel positive effect of labor income tax
on employment. Figure 6 shows that labor income tax 7,, has a negative instantaneous effect on
income inequality oy for all w € {0.2,1,1.5}; however, the positive effect of 7,, on the growth
rate g; and the real interest rate r; under w = 0.2 implies a smaller negative effect of 7,, on
income inequality o7, in this case. Specifically, increasing the labor income tax rate 7, from
0.23 to 0.33 reduces income inequality o, by 2.58% in the case of w = 0.2 as compared to 8.39%
in the case of w = 1. Figure 7 shows that labor income tax 7, has a positive instantaneous
effect on consumption inequality for w € {0.2,1,1.5}, and the magnitude is about the same in
all cases.

osasl T T T T T T T 2,003
[ 2.002
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Figure 4: Instantaneous effect of 7,, on [* Figure 5: Instantaneous effect of 7, on g;
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Figure 8 to 10 simulate the transition dynamic effects of labor income tax 7,, on the growth
rate g; of output per capita, income inequality o7, and consumption inequality o.;. Figure 8
shows that labor income tax 7,, has a temporary negative effect on the growth rate g; of output
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per capita in the cases of w € {1,1.5}. However, in the case of w = 0.2, the transitional effect
of labor income tax 7, on the growth rate g; of output per capita becomes positive due to
the increase in average employment [*. In all cases w € {0.2,1,1.5}, labor income tax 7,, does
not affect the steady-state growth rate ¢g*. Figure 9 shows that labor income tax 7, reduces
income inequality o ;; however, in the cases of w € {1, 1.5}, this negative effect becomes smaller
overtime as the growth rate ¢g; and the real interest rate r; rise and return to their initial steady-
state values. In the case of w = 0.2, labor income tax 7, also reduces income inequality o ;
however, this negative effect becomes larger overtime as the growth rate g, and the real interest
rate 1, fall and return to their initial steady-state values. Finally, Figure 10 shows that labor

income tax 7, increases consumption inequality permanently by about the same magnitude in
all three cases.
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4 Conclusion

In this study, we have developed a Schumpeterian growth model with wealth heterogeneity to
explore how taxation affects economic growth and income inequality. A novelty of our analysis
is that our model features iso-elastic utility on leisure under which the change in consumption
dispersion across heterogeneous households can give rise to a surprising positive effect of labor
income tax on employment and economic growth. This positive effect of labor income tax on
economic growth in turn causes the negative effect of labor income tax on income inequality
to become smaller quantitatively. Therefore, household heterogeneity not only influences how
tax policy affects the aggregate economy but also how it affects the income distribution. Our
Schumpeterian growth model provides a tractable framework to illustrate the complete dynamic
effects of labor income tax on economic growth and income inequality under heterogeneous
households. Although we have considered a simple wealth distribution to illustrate our results
and their intuition as clearly as possible, we can also extend our analysis to a more general
wealth distribution to examine their robustness. We leave this extension to future research.
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Appendix A
Proof of Lemma 1. The current-value Hamiltonian of the monopolistic firm in industry i is

Hy(i) = (i) = Ry(i) +0:(0) Z(0) + w4 (3) [ = P(D)], (A1)

where 94() is the costate variable on (9) and r¢(¢) is the multiplier on P;(i) < u. Substituting
(8)-(10) into (A1), we derive

O0H, (i) oI, (i) _
an0) "7 e ) (A2)
OH, (i)
OR, (i) =0=9,(i) = 1, (A3)
i 1/(1-6) '
ZIZI ((Z)) =« {[Pt (i) — 1] [Pf@)} ]\1;1 e ¢} 2y () 27 = v (i) — 9h(i). (A4)

Based on (A2), we obtain the following results. If P,(i) < p, then we have P;(i) = 1/60 because
k¢(7) = 0 in this case. If the constraint on P;(i) is binding, then we have P,(i) = p because

k¢(i) > 0 in this case. Here we assume p < 1/6, which implies P;(i) = p as shown in (12). In
addition, we substitute (A3), (12) and (14) into (A4) and impose symmetry to derive (15). m

Proof of Lemma 2. Substituting P;(i) = p into 0Y; = fo P,(1)X;(i)di and using symmetry
yield 0Y; = pNyX;. Combining (17) and a,L; = N;V; and using 0Y; = uN;X;, we obtain

= (0/1) Bys- (A5)
Differentiating (A5) with respect to ¢ yields

o e
b by Azl e u (A6)

Yt Qy Qg ay at

where the second equality uses (2) with a, = fo ai(h)dh, I, = fol l;(h)dh and ¢, = fol ci(h)dh
We then manipulate (A6) using (4), (7) and (A5) to derive

TR T e 05 } }

- — == —— | 1=7,) 1= +v+—(p— A , AT

oo _fle-la-ma-0rre Ze-n (A7
which also uses L, ; = [;L; and ¢, = yy,. Given (A7), the dynamics of ¢;/y; is characterized by
saddle-point stability such that ¢;/y; jumps to the unique steady-state value (c¢/y)" in (24). =

Proof of Lemma 3. Taking the log of (14) and differentiating it with respect to ¢ yield
TN~ (1-0)ne. (A8)
Tt

Combining (4) and (21) with ¢ /c¢; = 9 /y, from Lemma 2, we derive r, = ony + 2 + p + Iy /1.

Substituting this condition and r; = r{ into (18) yields

<M—1—¢+Zt>+k—p, (A9)

xtl*

ny =

1
8
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where we have used (A8) and Iy /l: = 0 due to employment [* being stationary. Given r; = re,
we use (15) and r; = ony + 2z + p + 1 /1; to obtain

z=oal(p—1)xd" — @] — p—ony, (A10)
where we have used /I, = 0. We substitute (A10) into (A9) to show that n, is given by

1
B—arF

Finally, substituting (A11) into (A8) yields (28). =

5 {a-ww-p+s0-pn-E=020) (ALL)

Proof of Proposition 1. Using (3), (4) and (23), we prove that s..(h) = s%(h) always holds
for all time ¢ > 0. We substitute this condition into (34) to obtain

e — (1 — 7o) wily — vy si(h)er — (1 — 7o) wele(h) — vye
s Sa’t(h) — a .

éa,t<h) - (A12)
Lemma 2 shows that {a, ¢, ys, w} all grow at the same rate g; at any point in time. Given
this condition, we combine (4) and (32) to derive

Cy — (1 - Tw) Wely — VY
Gy

=p—A>0, (A13)

which shows that the coefficient on s,+(h) is positive. Substituting (A13) into (A12) yields

Ct

st =1+ (=) ()~ 1) (A1)

Sar(h) = (p = A) [sas(h) — 1]

From (A5), the consumption-wealth ratio ¢;/a; = (¢/a)” = p(c/y)* /(B) is stationary due to
the stationary consumption-output ratio ¢;/y; = (¢/y)*. Given s.;(h) = s(h) and A.;, = Af,
Lemma 2 implies [;(h) = [*(h) and I, = [* are stationary. As for the wage-wealth ratio w/ay,
we use wily = (1 — 0) y; from (7) and combine it with (A5) to obtain a stationary wage-wealth
ratio wy/a; = (w/a)* = p (1 —0) /(B1*). Substituting these conditions into (A14) yields

Cc

acdlh) = (p = N sash) = 11 = (5) T =1+ (5) Q=m0 =17, (A15)

a a

which becomes (35) given (c/a)* = p(c/y)" /(68) and (w/a)” = u (1 —0) /(651*). Then, p—\ >

0 implies that $,.(h) = 0 for all time ¢ because s,.(h) is a pre-determined variable. m

Proof of Proposition 2. For w = 1, the employment function of household h and the
average employment function are respectively

ry=1-(2) 7173_(2 (A16)
() i
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where we have used ¢, (h) = s(h)c; and ¢;/w; = (¢/w)” from Lemma 2. Substituting (A16)
into (A15) and imposing $,(h) = 0 yield

w

(0= N lsaolh) =11 = (5) [0 +m)sih) =11 = (=

a a

) =r) (-1, (A18)

which also uses a;(h) = Sq1(h)a; = sq0(h)a;. Using (A17), we rearrange (A18) to obtain

1 (0= N1 = sualb)] )
N () (A19)
where (c/a)” = u(c/y)" /(68). Using (A16), (A17) and t; = vy;, we re-express (42) as
()" (e = N [sap(h) = 1] = (5)" =% [si(h) — 1]
LH(8) e =N - () 2+ (B

Substituting (A19) into (A20) yields the standard deviation of income share s;:(h) given by

sri(h) — 1= (A20)

_[r N N e =
m,t:\//o [sr.4(h) — 1] dh_1+(§)*<n—k)—(i)*l_’iﬁ(%)*v 0,05 (A21)
where

c\*_ (¢ A B (1_7'w)(1_9)+7+%(0_)‘)

() _<y> 1—9_<1—9><1+n>+—t[v+ (=] o
aN*_ (0B I _ %ﬂ

<E> _(“)1_9 (1=0)(1+n)+ [Wr (p—A)T .
y\

() T iaas { ) (A24)

Given (A21), we use 7, = g, + p from (25) to obtain (43). m

Proof of Proposition 3. Using (A19) yields the standard deviation of s..(h) given by

 (p=X) ”
5. = \/ / i (A25)

where (c/a)* = p(c/y)* . Given (A25), we use (c/y)" from (24) to derive (44). m

Proof of Proposition 7. The consumption share of a poor household is given by

1—74)(1=0) I*(p)—I*
MTU0 BT oy )

Ll0=r) =0 +7+ 2L (-]

(A26)
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Given (A26), the employment level of a poor household is implicitly determined by

n(e/y) siw)]” [ - N0-e)
g - {”l (0-r)(-0)

I"(p) =1~ { + nl*(p)} : (A27)

The consumption share of a rich household is given by

(A=7w)(A=0) I* (r) 1" el
55 — t (P =)

sla-r) (=0 +7+L(p-n]

(A28)

Given (A28), the employment level of a rich household is implicitly determined by

n(efy) si) ] f =N+ )
ity = {”l T—r)1-0)

rry=1- [ + nl*(r)} , (A29)

where the average level of employment is given by
I*=0ol"(p) + (1 —0)I"(r). (A30)

Substituting (A30) into (A27) and (A29) yields a system of two equations with two unknowns
{l*(p),1*(r)}. If w =1, then one can express (A30) as

1
I = (A31)

1+n{1+m ”y+%(p—)\)]}

which is decreasing in 7,, given vy + % (p — A) > 0. We next consider three scenarios for w # 1.
(a) Suppose w # 1. If v + % (p—A) (1 —¢) >0, then both I*(p) and I*(r) are decreasing in
Ty for a given [*. In this case, [* is decreasing in 7, regardless of whether w < 1 or w > 1.
(b) Suppose w < 1 and v + % (p—A)(1—¢) < 0. Then, I*(p) becomes increasing in

Tw, Whereas [*(r) remains decreasing in 7, because v + % (p—A) (1+:%5) > 0 given v +
% (p—A) > 0. As ) increases and approaches unity, the positive effect of §l*(p) becomes
stronger and eventually dominates the negative effect of (1 — 9) {*(r) on [* in (A30). Therefore,
I* becomes increasing in 7, for a sufficiently large 6 € (0, 1).

(c) Suppose w > 1 and v + % (p—A) (1 —¢) < 0. In this case, [* is simply decreasing
in 7,,. To see this result, Section 3.4 shows that if w > 1, then [s*(p)]“~" < [s:(r)]*~" and
d (A5 /0T, > 0, which amplifies the negative effect of 7, on I* in (37).

Given the above positive or negative effect of 7, on [*, its effect on the transitional growth
rate g; in (26) has the same sign and is neutral on the steady-state growth rate ¢* in (31). =
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