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Abstract

We provide an empirically plausible endogenous growth model to prove analyti-
cally that sometimes a progressive redistribution from rich to poor lowers the growth
rate of consumption per capita in all subsequent periods. The model accommodates
the growth retarding effect of income inequality by combining the assumptions of
no credit market and a production technology with diminishing returns to the com-
bined inputs of physical and human capital. Also, to make the model’s assumptions
consistent with the evidence reported by leading labor economists, we assume that
the parental human capital sufficiently improves the effectiveness of expenditure on
a child’s education, in order to induce increasing returns to scale in the education
technology. A reduction in the progressivity of redistribution, under such educa-
tion technology, enhances the average human capital of all future cohorts of parents,
which in turn boosts the growth rate of average human capital. The immediate re-
sulting gain in the growth rate of consumption per capita sufficiently outweighs the
subsequent growth loss due to the decline in TFP brought about by the associated
increase in income inequality. Consequently, in our model, a policy of progressive
redistribution is dynamically inefficient.
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1 Introduction

Galor and Zeira (1993), and a large body of subsequent literature, provide a dynamic
microfoundation for the systematic examination of a wide variety of interactions between
income distribution and growth within the neoclassical framework. These developments
have motivated policy discussions (see, e.g., Glomm and Ravikumar, 1992; Benabou,
1996; and Fernandez and Rogerson, 1998) on the design of the optimal scheme of income
redistribution that will allow the economy to achieve its maximal growth path.

The body of literature mentioned above mostly confines itself to a specialized envi-
ronment characterized by the absence of a credit market and an output technology with
diminishing returns to capital which could be defined broadly to include both human and
physical capital. In such an environment, a policy of income redistribution could poten-
tially be justified not only on a normative ground but also on a positive ground and, in
particular, on the ground of promoting economic growth. The question that immediately
follows is: what level of income redistribution would bring about the maximum economic
growth?

In his pioneering work, Benabou (2002) provides an answer to this question. He re-
ports that in his model, which was calibrated to the US economy, and in a wide range
of other economies around that benchmark, a significant degree of progressive redistri-
bution would be necessary to maximize the long-run per capita output. We ask whether
this result could be extended to an environment that accommodates endogenous growth.
In this endeavour we begin by carefully designing an endogenous growth model that pre-
serves the harmful effects of inequality on growth, and hence would provide a reason to
expect redistribution to promote economic growth. Afterward, we ask what degree of
progressivity would help the economy to achieve its maximal growth path.

Clearly, some models of endogenous growth, such as that of Romer (1986), which
requires constant returns to capital in the production technology or a model that allows
a credit market for trading capital goods would rule out one of the two key assumptions
of Benabou (2002), and hence would eliminate some of the gains from redistribution
by assumption. We therefore focus on models that maintain the two key assumptions:
an output technology with diminishing returns to capital and a model without a credit
market.

Also, some other models, such as those popularized by Lucas (1988) and Tamura
(1991), produce endogenous growth by relying on knowledge spillover or human capital
externality. However, we argue that such models allow a costless spillover of knowledge
to overcome the barriers of credit constraints. In particular, following the ideas explored
by Galor and Tsiddon (1997), we note two mutually counterbalancing effects on income
inequality from two different types of externality. First, there is the income equalizing
effect of "global technological externality" which arises from knowledge spillover. Sec-
ond, there is the income widening effect of "local home environment externality" which
arises from the complementarity between parental human capital and expenditure on the
child’s education. The complementarity between the two inputs above is implicit in our



education technology. Thus, allowing knowledge spillover to act as an income equalizing
force in the model is likely to offset the income widening effect of the second externality,
and hence could mitigate the potentially harmful effects of an overall increase in income
inequality on economic growth.

Moreover, a model of endogenous growth with knowledge spillover makes it nec-
essary, for technical reasons alone, to assume diminishing returns to scale in the above
education technology. However, this assumption could be problematic when modelling
economic growth, especially in developing countries, where, as Trostel (2004) reports,
there is strong empirical evidence of increasing returns to scale in the technology for hu-
man capital accumulation. It is also well known, from an influential study by Rosenzweig
and Wolpin (1994), that returns to an investment in education significantly increase with
parental human capital, which results in increasing returns to human capital through using
maternal schooling to augment the production of children’s human capital. Trostel (2004)
reports that this type of complementarity induced increasing returns in the production of
human capital is especially relevant for low income countries.

We provide a model of endogenous growth that addresses the above challenges by
combining an education technology with increasing returns to scale with a production
technology with diminishing returns to capital. As a consequence, our model environ-
ment fulfils two essential tasks. Like that of Benabou (2002), it does not automatically
rule out any growth promoting role that might be played by a policy of progressive re-
distribution. Also, it accommodates endogenous growth without violating the restrictions
imposed on the model’s assumptions by the empirical evidence reported above. More-
over, we allow investment subsidies to offset any distortionary effects of redistribution
on capital accumulation, and consider an abstraction where even the labor supply does
not fall after redistribution. In this specialized set-up, designed to allow the maximum
possible beneficial effect of progressive redistribution on economic growth, we ask what
degree of progressivity in redistribution helps the economy to reach its maximal growth
path of consumption per capita. We find that the answer is unambiguously zero, or no
progressivity at all.

The intuition behind the above result is as follows: the combination of the assump-
tions of no credit market and diminishing returns production technology results in an
economy which is stuck with rigid interpersonal differences in marginal products. Redis-
tribution from more wealthy agents with a lower marginal product to less wealthy agents
with a higher marginal product typically helps to improve allocative efficiency, and hence
improves the total factor productivity (TFP) in such an economy. With no market for
trading capital, however, wealthier people also represent more educated parents while
empirical rationale requires us to consider an education technology with increasing re-
turns to scale. Consequently, the above redistribution amounts to a transfer of resources
from more educated parents to less educated parents and that decreases, in all subsequent
periods, the average stock of parental human capital. This decrease lowers the effective-
ness of educational expenditure on children for raising the human capital of the future
generations of producers in the economy. Thus, more progressivity in redistribution re-



duces the growth rate of average human capital. It turns out that if the economy grows
endogenously, then the above reduction in the growth rate of human capital must always
outweigh any improvement in the total factor productivity brought about by a more pro-
gressive redistribution of resources to imply overall a lower growth rate of output per
capita. Consequently, the degree of progressivity that allows the economy to reach its
maximal attainable growth path must be zero.

To facilitate future work involving redistribution, endogenous growth and income in-
equality, we provide explicit analytical expressions for the growth rate of per capita output
under different regimes of redistribution. In each case the balanced growth rates turn out
to be functions of the degree of income inequality, as well as of the degree of progres-
sivity in the underlying scheme of redistribution. The growth rate and income inequal-
ity together exhibit a special block recursive transitional dynamics, which is a relatively
unexplored area in the growth-inequality literature to date. The economy generates a
unique path of evolution for income inequality and the rate of growth, and they converge
monotonically to their respective steady states. We take the complete transitional dynam-
ics into account to prove that the growth-maximizing degree of progression must always
be zero.

In Section 2 we present the model environment, individual optimization and the model’s
equilibrium outcome. In Section 3 we focus on the issues related to income inequality and
economic growth and in Section 4 we turn to the merits of redistributive policies and the
key proposition of our paper. In Section 5, we discuss the consistency of our model with
the data. In Section 6 we add a few concluding remarks and summarize our contribu-
tions. An Appendix containing the proofs of our lemmas and propositions follows, and
the paper closes with the list of references cited.

2 The Model

The environment used here is similar to that of Benabou (2002), but we have broadened
it by including capital goods in the production technology and by allowing bequests for
transferring wealth. The motivation for including bequests comes from Kotlikoff and
Summers (1981), who, using historical U.S. data, find that most of aggregate capital ac-
cumulation is due to intergenerational transfers. Also, Laitner (1979a-c) argues that be-
quests are an important source of capital, and finds that bequest behaviors have important
effects on the national distribution of wealth. Altonji and Doraszelski (2005) discuss the
important effects of bequests in explaining the income gap between the white and black
populations.



2.1 Preference, Technology and Endowments

There is a continuum of infinitely lived decision makers or agents indexed by i € [0, 1]
with the preference at period ¢ given by:

In Uf =F; Zp” (lnciJrn — (l§+n)n) ,n>1, (1)

n=0

where ¢ > 0 and [{ > 0 denote the consumption and labor supply of agent 7 in period ¢,
respectively, and p € (0, 1) denotes the discount factor.

We allow both physical and human capital to affect the output as complementary
inputs, in the same way as Barro, Mankiw and Sala-i-Martin (1995), such that the output
of the self-employed agent ¢ as a function of her physical and human capital ¢, h! and
labor [} satisfies

gi = (K)" (1) ()7 where e =13 — . @

The government redistributes investments in education among pupils, either indi-
rectly, through a scheme of progressive income taxation and transfer, or directly, through
a scheme of a progressive subsidy of private expenditure e on education. Under both
schemes, the government subsidises private expenditure on education at the average rate
d € [0, 1] and private expenditure on bequests at the average rate v € [0, 1],!, and finances
these subsidies with consumption tax at a rate 6 € [0, 1], such that

1 1 1
f / didi = d / cidi+ v / bidi. 3)
0 0 0

Under the income tax scheme, the disposable income )¢ of a typical agent i at a given date
t satisfies . ‘
Ing; =1 —7)Iny, + 7lng, 4)

where 0 < 7 < 1 measures the average degree of progression in the scheme for income
redistribution and y; represents the break-even level of income such that

1 1
/ g, di = / ydi =y, %)
0 0

where, y; denotes the per-capita output or income at a given period ¢. The post-subsidy
expenditure on education is é; = (1 + d) el.

'This could be regarded as a kind of subsidy on the purchase of capital goods or as an exemption for
estate taxation. Cremer and Pestieau, (2001) discuss positive or negative taxations on bequests as a tool
for influencing intergenerational equity within each family and intragenerational equity across families of
different wealth. We allow a bequest subsidy in our model also as a hypothetical tool for offsetting the
distortionary effect of redistribution on physical capital accumulation, in order to find the upper limit for
the optimal degree of progressivity in the underlying scheme of redistribution.



Under the education finance scheme, income is not taxed but the education subsidy
varies with income, such that

i = yi, e, = (1+d) (3/y;)" €, (6)

where 0 < 7 < 1 measures the rate at which the education subsidy decreases as the

agent’s income increases relative to the ‘break-even’ level 7j; such that fol éidi = (1 + d) f01

Without access to a credit market, the disposable income ¢! of the agent 7 at each
date must equal the total expenditure on consumption ¢!, consumption tax 6c!, private
education expenditure ¢!, and bequest b!; in other words,

gi=(14+0)c + e + bl (7)

The human capital h;, ; of the agent i at the date ¢+ 1, as a function of an idiosyncratic
shock & |, which is i.¢.d. with In §; ~ N (—¢?/2, 0?), and the post-subsidy expenditure
¢! on her education in the previous period, is given by,

iy = we, (B (€))7, 5> 0,a € (0,1),8€(0,1). (8)

Note that « can be interpreted as the elasticity of children’s human capital with respect to
parents’ human capital, and 5 as the elasticity of children’s human capital with respect to
expenditure on their educations. Rosenzweig and Wolpin (1994) report that the sum of
these two elasticities could be greater than one.

Capital goods are complementary to human capital and become obsolete at the end of
each generation. A tool loses value when its user dies. Parents buy new tools for their
children at a subsidized rate set by the government and leave them as a bequest. To capture
this feature we assume that they depreciate completely in the production process. Thus,
in generation ¢ + 1, agent ¢’s physical capital &, consists only of her parent’s bequest b;
and a bequest subsidy from the government at the rate of v per unit of the bequest, such
that

ki = (1+0)b;. 9)

Initial endowments of human and physical capital h and & are jointly lognormally
distributed, and the adult receives one unit of labor endowment in each period.

2.2 Individual Optimization

At each date ¢, let my; and my; denote the means and A?, and A?, the variances of In
and In k!, respectively, and let cov; denote the covariance between In h! and In k{. Sup-
pose that M; = (mp, my, AZ,, A2, cov;). Then, for the agent’s dynamic optimization
problem, the progressively redistributive policy regime is P = (7, d, v, #), the state vari-
ables are (hi, ki, M), the control variables are (c%, Ii, ei, b!), and the Bellman equation
is

.y 1—p) [Inc; — (1)"]
InU (ht. KX, M,: P) = ( LA N2 , 10
nU (b, ki, Mi; P) m{ pBy Uk ki Moy )] [ (1O

6

Z‘ .
eidi.



subject to (2), (4) or (6), (7), (8) and (9).

The first order conditions associated with the Bellman equation described by (10)
yield complete solutions to the agent’s problem. We first discuss the labor supply, fol-
lowed by investments in education and bequests.

Lemma 1: The optimal labor supply remains invariant to time and personal charac-
teristics, and decreases with the average marginal income tax rate, T, such that:

yoo (A= pa)(@=A=p)/ma—7)

l <T)_<<1_P01)(1—p/\(1—7'))—pﬁu(l_T)) > (11)
E(.\_ (1—pa)(1—=X—p)/n 1/
l (T)_((1—PCY)(1—P)\)—pﬁu(1—¢)) ’ (12)

where a superscript Y or E denotes the case under the income tax scheme or the educa-
tion finance scheme, respectively.

Proof: See Appendix.

In the special case where agents do not get disutility from work, i.e., n = 0, the labor
supply will be independent of the redistributive policy, such that

Y(ry=1"(r)=1>0. (13)

Next, we consider the investment propensities of the two forms of capital. We denote
by sét, J =1, 2, respectively, the fraction of her disposable income that agent ¢ invests in
her children’s educations and her bequests, such that si, = el /ij¢, sb, = b! /4.

Lemma 2: The education investment rate s, and the bequest rate sb, are time invari-
ant, and decrease with the average marginal income tax rate T:

pBp(l—7 .
sy (1) = 1£—pa) =(1-171)35, (14)
sy (T)=pA(1—7)=(1-7) 35, (15)
E pBu _ S

— = , 16
51 (7) 1 —pa+pBur 1475 (16)

L—pa+ppur 11— pa+ pBut’

where 51 = 1”_’% and 55 = p) denote the laissez-faire saving rates.

Proof: See Appendix.



Lemmas 1 and 2 explicitly spell out the negative effect of redistribution on the in-
centives to supply labor and capital inputs under both the income tax scheme and the
education finance scheme. Typically, governments attempt to offset some of the distor-
tionary effects of income taxes using a package of redistributive policies, as discussed by
Benabou (2002). In particular, we assume that the government chooses the subsidy rates
d and v such that for each policy regime j = Y, E:

(14d)s] = s, (18)
(1+v)s), =35,. (19)
By the government budget constraint (3) and Lemma 2, it follows that

9(1—3{—3%)
1+0

= ds] + vs), (20)

and from (18), (19) and (20), the subsidy rates d and v and the consumption tax rate ¢

satisfy s
T T S1 S92

= d = ——. 21
v 1—Tan 1—51—527— ( )

d= 1—71°
We can switch on the intertemporal distortions simply by setting either d or v (or both)
equal to zero, and adjusting 6 according to (20).

By (21), the redistributive policy package can be summarized by the parameter
alone. We refer to 7 as the degree of progressivity of redistribution, or simply the degree
of redistribution. Note that, contrary to common practice, we allow the above two subsi-
dies in sufficient amount to completely eliminate all distortionary effects of progressive
redistribution on the two investment rates. We consider the above scenario to determine
the upper limit for the degree of progressivity that would maximize economic growth. In
the same vein, we switch off the distortionary effect of redistribution on the labor supply
by first focussing on the case where agents get no disutility from work and supply labor
inelastically, as indicated by (13). Afterwards, we argue that if we reduce the subsidies to
allow the distortions implied by (14)-(17), then the upper limit will still hold.

2.3 The Equilibrium Dynamics

The optimization problem (10) yields (11)-(17) and other decision rules as follows:

InckY = In(1-5 —5)-In(1+60)+ (1 —7)lny +71ng, (22)
Inc:® = In(1 -5 —35)—In(1+6)+Iny,
IneiY = s +(1—7)Iny +7lng, (23)
lnei’E = ln§1+lny§,



Inb:Y = Ins+ (1 —7)lny +7lng, (24)
Inb:® = Ins, +1Iny.
Together with the government’s budget constraints (3) and (4), the above decision rules
imply that there is a unique sequence of aggregate state variables {1, } that coincides

with what agent ¢ takes as given in (10), such that at each date ¢ = 0, 1, 2, .., the following
aggregate consistency condition holds:

1 1 1 1 1 1
/ yidi = / cidi + / eidi +d / eidi + / bidi + v / bidi. (25)
0 0 0 0 0 0

3 Inequality and Growth

In this section we characterize the equilibrium interactions between measures of income
inequality and various economic factors that contribute to the growth of per capita income.

3.1 Intergenerational persistence

Under the income tax scheme, by (9) or (8) combined with (13)-(15) yields the dynamics
of physical and human capital for the dynasty ¢ as follows:

Inkp =Ingy+(1—XA—p)(1—7)Inl+A(1—7)Ink" (26)
+u(1l=7)Inh?Y +7Ing,

Inhy)y =Ink+ Bz +4(1—X—p)(1—7)lnl+Ing (27)
AN — 1) InkyY 4 (a4 Bu (1 — 7)) InhyY + Bring,.

Under the education finance scheme, by (9), (13) and (17), the decision rule for physical
capital accumulation satisfies

kit =g+ Ankp” + plnhy P 4+ (1 — X — p) Ini%, (28)

and the decision rule for human capital accumulation is the same as (27).

Substituting (26) or (28), and (27) into the logarithm of (2) yields the equilibrium path
of income for agent i.

Under the income tax scheme, they satisfy

lnyffl:w—i-,uanA—(1—@)(1—)\—u)lnl+uln§§+l (29)
+ A+ 8p) TIng — aATIng
+(a+ A+ Bu) (1= 7)) Iny; —aX (1 —7)Iny;_y,



and under the education finance scheme

Iy =¢+pne+(1—a)(l—A—p)nl+pné&, +pring  (30)
+(a+ A+ pB(1—7)Iny —arlny!

where ¢y = pufS1Ins; + A (1 — a)In 3.

Note that, by (26)-(30), the intergenerational persistence of human capital, p;, (7) =
a + [ (1 — 1), and physical capital, which is py (1) = A (1 — 7), under the income
tax scheme or py (7) = A under the education finance scheme, together imply the in-
tergenerational persistence of income, p) (1) = « 4+ (A+ Su) (1 —7) or pl (1) =
a+ A+ (1 — 1), between parents and children. It has either one or two structural com-
ponents that cannot be lowered by redistribution: « under the income tax scheme or both
a and A under the education finance scheme. The other component of intergenerational
persistence decreases with the degree of redistribution 7, and a policy of redistribution
enhances intergenerational social mobility through this channel.> Next, we characterize
the dynamic path of the aggregate state variables.

3.2 Endogenous Growth-Inequality Dynamics

In line with Benabou (2002), we define an index of income inequality A; for each date ¢ as
the logarithm of the ratio of the mean to median income. Also, for notational convenience
we drop the superscript j wherever it is necessary to describe general results that do
not vary across redistributive regimes, except for specific formulas which we can clearly
determine from the context.

Lemma 3: The evolution of earnings of adults is governed by a lognormal distribution
such that ny! ~ N (Amyy + pmps + (1 — X — p)Inl, 2Ay). At each datet = 0,1,2, ...,
the inequality index N, equals half of the variance of the logarithmic earnings of agents,
such that Ny = (N2AZ, + 2 A2, + 2\ pucovy) /2.

Proof. See Appendix.

Lemma 4: The break-even level of income 1, at which an agent’s net tax obligation is
zero satisfies:
Ing, =Iny, + (1 —7) Ay 31

Proof: See Appendix.

2Note also that the income of the parents does not sufficiently determine the children’s income, which
is consistent with the results of Becker and Tomes (1979).
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Given the initial distributions of human and physical capital, under the income tax
scheme, by (26) and (27), physical and human capital remain jointly lognormally distrib-
uted over time, such that under the income tax scheme, at each date ¢, M, satisfies

Mpgr1 = NSy + (1 — X — p) Inl + Amyy + pmpy (32)
+7(2—7) (NAF, + 1PA}, + 2\ pcovy) /2,

Afq = (1=7)2 (VA2 + p2A7, + 2\ pcovy) (33)

Mptp1 = Ink —02/2 4+ BIns; + B(1 — X — p)Inl + BAmy, (34)

+ (a4 Bu) mpe + B7 (2 — 7) (NAF, + 11> A7, + 2\ pcovy) /2,

A =0+ BN (1 =12 AL+ (a+Bu(l—1))° A7, (35)
+ 26X (1 —7) (a+ B (1 = 1)) covy,

covipr = BAP (1= 7)* Af + (1 = 7) (a + B (1= 1)) Af, (36)
+A(1—7)(a+2B8u(1—71))covy,

and under the education finance scheme, (34)-(35) hold, and by (27) and (28), M, satisfies

Mgt+1 = lIl 52 + (]- - )\ - /JJ) lnl + )\mkt + HMpt, (37)
Aztﬂ = )\QAzt + ,LL2A%Lt + 2\ pcovy, (38)
covgyr = PN (1—7) A2, + (o + (1 — 7)) A2, (39)

+ Ao+ 28u (1 — 7)) couy,

Equations (32) and (34) are obtained by substituting the expression (31) for the break-
even income into (26) and (27).

Given M, using (32)-36), or (34)-(35) and (37)-(39), we can compute a unique se-
quence {Mt}t:1,2,..oo- In particular, the following lemma characterizes the sequence of
income inequality and its convergence to a stationary state.

Lemma 5: Irrespective of the initial conditions, income inequality converges monoton-
ically to its unique ergodic limit, which is determined by the degree of progressivity T in
the underlying policy regime of redistribution.

Proof: Writing the system of linear equations (33), (35) and (36) in a matrix form, for
the redistributive scheme with income tax, we get

Appr = Ao + AL x Ay, (40)
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where

Al 0
A = A%Lt+1 LAg= | o? |,
COVit 0
(1—7)% N2 (1—7)%p? 22 (1 —71)°
A= | (1=7) B (a+Bp(l—7) 28A(1—7) (a+Bu(1—7) |,
1=7)8X p(—=7)(a+Bu(l—7)) A1—=7)(a+28u(l-7))
> x? y? 2zy
A = 232 22 2Bz ,

pz?  yz x(z+ Py)

wherez=(1—-7)\y=1—-7)p,z=a+ pu(l—71).
Then, rearranging (40) yields

(I - AlL) At+1 - Ao, (41)

where / is an identity matrix and L is a lag operator.
All eigenvalues of A; in (40) are positive real and less than unity. Consequently, {A;}
monotonically converges to A, where

A=[I—-A]" A, (42)

Now, by Lemma 3, income inequality A; = (A;)7w, where (A;)? denotes the trans-
pose of A; and w = 0.5 ()\2, w2, QAM)T. It follows, therefore, that from any arbitrarily
specified initial state Ay, as A, monotonically converges to A, the income inequality A; =
(A;)"w also monotonically converges to A = (A)Tw.

A similar conclusion follows in a straightforward way when the redistribution scheme
changes from the income tax to the education finance scheme. We skip that repetitive
exercise as it does not add any additional insights relevant to our main result. []

Next, we discuss an important channel through which the increase in income inequal-
ity hinders economic growth.

3.2.1 How Inequality Lowers TFP

Following Solow (1957), the total factor productivity (7FP) of the economy is equal to
the ratio of the average output to the weighted average of inputs. We use a Cobb-Douglas
production technology similar to those assigned to each individual to compute the TFP
for the economy as follows

fol yidi

<f01 lgzdi)A <f01 h%li)u (fol lidi) ey w—

12

TEFP =

(43)



such that, by Lemma 1, the period ¢ growth rate 7, of per capita income y; = fol yidi, as a
function of the growth rate of TFP, grrp;, and the growth rates of the average capital stock
ky = fol kidi and the average human capital stock h; = fol hidi, gi: and g, respectively,
is given by,

V¢ = grFPt + Akt + [Gnts (44)

where v, = ny,1 — Inyy, grppe = MTFPy —InTFEFP, gy = Inkyyq — Inke, and
ght = In ht+1 —In ]’Lt.

Clearly, by (2) and (43), the negative effect of income inequality on the level of TFP
arises from the combination of the diminishing returns to capital in the production tech-
nology (i.e., 0 < A+ < 1) and the absence of a credit market that precipitates allocative
inefficiency due to the persistence of unexploited arbitrage opportunities from interper-
sonal differences in the marginal products of capital.

Lemma 6: The period t TFP for this economy satisfies
LnTF P, = —0.5(A)" (A1 = X), p(1 = ), =22p)", (45)

and it converges to a constant TF P(A) when A, converges to A. Also, if A\ = 0 then a
higher value of A corresponds to a lower value of TFP(A).

Proof: See Appendix.

Simulations of (45) for a large number of cases when A > 0 show that an increase
in income inequality would correspond to a lower level of TFP. By Lemma 5, as income
inequality monotonically converges to a steady state so does the TFP. Consequently, an
increase in income inequality by itself would be likely to decrease TFP in all future peri-
ods.

3.2.2 Endogenous Growth

Intuitively, to accommodate perpetual growth such that both the capital-output ratio and
the marginal product of physical capital remain constant, from Lemma 6 and (44), v, =
(1£5) gne- However, by (8), the above definition of g, implies, by Lemma 2, that g, =

l1—o
lowing Proposition formally establishes the conditions for persistent endogenous growth.

(:£-) 7,. The consistency of the above two conditions implies that 12~ = L2, The fol-

PROPOSITION 1: The model exhibits endogenous growth if and only if % =1=2

m

Proof: First, considering the redistributive scheme with income tax, we write the
system of linear equations (32) and (34) in a matrix form, and get

M1 = Bmy + DAy + E, (46)

13



where

_ | Mkt
mt+l - |: 9

Mht+1
_ A _ | T(@2-1)
B—{m a+5u}’D—{5T(2—7)}’
5= Inss+ (1 —A—pu)lnl
T | Ink—0%2+BIns +B(1—-A—p)nl |-
Rearranging (46), we get
(I — BL)my,1 = E + DA, (47)
=
My = [ — Bl " E +[I — BL] " DA,. (48)

It follows from the above equation that if |I — B| # 0, then m, converges to a stationary
state. Thus, the endogenous growth of m, requires |[I — B| = 0, i.e.,

H(l) ﬂﬂgx Z+@u”zo-

Hl—g? Iﬁ(awu)H:O'

= (1 —a) (1= A) — Bu = 0; or, equivalently, ;5 = 152
Note that the above condition is also sufficient for perpetual endogenous growth.
Rearranging (46), we get

My — My :E+ [B—[] mt—i—DAt. (49)
Recall that, m, denotes the vector consisting of the means of In k7, and In A} ,; we

denote my, ; — m¥ by g,,+(t) and m',; — m} by g,,»(t), respectively, and decompose the
singular matrix [B — I] to rewrite (49) as follows:

gm’“(t) | € A—1 o T (2 . 7_)
{gmh(t)]_ Lﬂ% BA Mm’“ <1—A>mht]+{m(2_7)}/\u (50)
wheree; =Insy + (1 —A—p)Inlandes = Ink —0?/2 + BIns + B(1 — X — p)Inl.
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The period ¢ growth rates gi; and gj; of the average stocks of physical and human
capital, respectively, are given by

Gkt = Gmk (t) + (Azt.u - Azt) /25 (51)

and
9ht = Gmh (t) + (Aizlt—l-l - A%zt) /2- (52)

According to Lemmas 5 and 6, both the income inequality and the TFP converge to
their respective steady states. It follows, therefore, that gy, and g, approach g,,»(t) and
gmn (t), respectively, and, by (44), (45) and (50)-(52), we get an endogenous growth of
per capita income that lasts forever.?

In the case of the education finance scheme, we repeat the above exercise after replac-
ing (32) with (37). U

3.2.3 How Inequality Retards Growth

Next, we continue our discussion of the way in which the rise in income inequality hinders
economic growth. The adverse effect of income inequality on TFP discussed earlier also
explains why the growth rate of output declines when income inequality rises. We turn to
this issue after presenting Lemma 7.

Lemma 7: If o+ Bu/(1 — X\) = 1, then, under both schemes of redistribution, the per
capita income growth rate vy, evolves as follows:

Y = P+ A+pB)(1—A—p)lnl (53)
+ (1 - \IIIL) At+1 + a\ (umht — (1 — /\)mkt) ,

where ® = Nn s, + p(Ink — 0%/2 + $1n 5;), under the income tax scheme
0<¥;=(1-(1—a(l—=A)7(2=7)) <1 orunder the education finance scheme
0< WUy =1-pur(2—17) <1, and L denotes the lag operator.

Proof: See Appendix.

Clearly, as the income inequality converges to a steady state following Lemmas 3 and
5, by (53), the growth rate of per capita income also approaches a balanced growth state.

Equation (53), together with (33) or (38), (35) and (36) or (39) describe the model’s
unique transitional dynamics for income inequality and the rate of growth.

3Clearly, on a balanced growth path, my; — 75 mne must be constant, or, equivalently, g,,x(t) =
755 9mn (t), and hence, by (51), (52) and (44), v, = grt = 755 Iht-
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Special Case: Without Physical Capital (A = 0) For the special case without bequests
and physical capital (i.e., A = 0), when the model resembles the environment of Benabou
(2002), we get a clear and insightful result regarding the growth-inequality transitional
dynamics. In particular, if A = 0, by (53), it follows that

v = p(lnk—0%/2+BIns + 51— p)lnl) (54)
+ (1 = WaL) Agy,

where 0 < Uy = (1 — (1 — ) 7(2 — 7)) < 1. Also, from Lemma 3 and equation (35), it

follows that
2 2

o
A1 = + (1 — Bur)* A, (55)

Next, substituting equation (55) into (54) yields
Yo=p(nk—(1—p)o*/24 BIns + B(1 — p)Inl) — afur’A,. (56)

Clearly, we note from equation (56),* that income inequality retards economic growth
along the transitional growth path. To uncover the underlying economic intuition, let
us separately examine how the rising inequality affects the growth rates of input and
productivity. By (45) and (52), if A = 0, then the growth rates of TFP and human capital
are given by

(1—p)

grrpt = — (At+1 - At) 5 (57)

and
Gne = gn — Q(T)Ay, (58)

where g, = Inx — (1 — p) 0%/2 + BIn5; + B(1 — u) Inl denotes the stationary growth
rate of human capital without any redistributive taxes and Q(7) = o372 > 0 denotes the
magnitude of the adverse effect of inequality on the growth rate of average human capital
stock. In the presence of a redistributive tax regime, as inequality increases, possibly
after a one-time reduction in progressivity, the economy’s TFP declines, and its average
stock of human capital grows at a lower rate. Consequently, the economy’s output growth
decelerates as well. In other words, the model preserves the typical harmful effect of
income inequality on economic growth that arises from a combination of a production
technology with diminishing returns to capital and the absence of a credit market for
trading capital.

Note also that the coefficient of A; in (55) is strictly less than unity, and hence, fol-
lowing a reduction in 7, income inequality monotonically increases to a new steady state.
Also, as income inequality increases over time, by (56), v, declines monotonically.

4Equation (56) also provides a dynamic restriction on the growth-inequality relationship which is com-
parable to what Persson and Tabellini (1994) estimated, but provides an alternative interpretation of the
data, since, unlike Persson and Tabellini (1994), the effect of income inequality on the growth rate does
not work only through changes in the income tax rate, but also works through the model’s transitional
dynamics.
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General Case: With Physical Capital (A > 0) We extend the above discussion to the
general case with illustrative simulations as well as with the following Lemma:

Lemma 8: Along the transition path, a rise in income inequality in period t, by itself,
decreases the growth rate v, of per capita income between periods t and t + 1. Also, if
income inequality increases because of a reduction in T, then once the growth rate begins
to decline it must continue to decline for all subsequent periods. In other words, if for
some period t, v, 1 <y, thenforalln =0,1,2..., v, 11 < Vign-

Proof. By comparing W, with ¥; from equations (53) and (54), we get ¥, — ¥ =
aAT(2 — 1) > 0, or, U5 > W, under the income tax scheme, and ¥; = W, under the
education finance scheme. Consequently, if A > 0, the partial negative effect of the
period ¢ income inequality on the growth rate of per capita income between periods ¢ and
t + 1 continues to exist; but its magnitude may either get smaller or remain the same,
as the special case with A = 0, depending upon the nature of the underlying scheme of
redistribution. Note that under the income tax scheme, the negative effect of inequality
on growth decreases as the output share A of physical capital increases. Thus, unlike the
case when A\ = 0, it may take a few additional periods before the partial negative effects
of rising inequality on growth outweigh the one-time boost in the growth rate that comes
from the reduction in 7. However, once vy, < -, for some period ¢, v, .1 < V4, for
alln = 0, 1, 2..., according to the monotonicity property described by Lemma 5 and the
endogenous relationship between income inequality and growth rate described by Lemma
7.0

A numerical illustration To illustrate the above lemma using an empirically reason-
able numerical example, we choose a set of plausible values for the model’s parameters
from Barro, Mankiw and Sala-i-Martin (1995) and Benabou (2002), except for the educa-
tion technology parameters, which we calibrate to yield an endogenous growth rate of 2%
per annum, to match the long-run growth experience in the US. In the above benchmark
model for the US economy, we simulate the changes in growth rate sequence in response
to a permanent reduction of 7 from 30% to 10% using equation (53), and present the re-
sult in Figure 1 below. We note that, following a reduction in progressivity 7, the growth
rate of per capita income jumps up (by about two and a half times in this simulation) im-
mediately. However, as the income inequality increases sufficiently following the policy
change, the growth rate eventually declines in all subsequent periods before converging
to a new balanced growth state.
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Figure 1: Under the income tax scheme, A = 0.3, u = 0.5, « = 0.71, 8 = 04, o2 =1,
p = 0.4and k = 4.905.

Also note that the post-tax reduction limiting growth rate settles down at about two
percentage points higher than the growth rate prior to the tax reduction. This latter feature
turns out to be a robust property of this model for any arbitrary parameter values, as we
prove in the following section.

3.2.4 Long-run Inequality and the Balanced Growth State

We define the balanced growth state of this model to be the one where the endogenous
growth rate is time invariant. By (53) the endogenous growth rate approaches such a
balanced growth state over time. Also, from Lemma 5, we can see that, forall 0 < 7 < 1,
there exists a constant A7 < oo, j = Y or E, depending upon whether the scheme of
redistribution is with income tax or education finance, respectively, such that, if the initial
degree of income inequality Ay = A7, then at all periods ¢, A; = A/, where

P (1+Xa(l—71))

Aj:T(l—a)(l—/\a(l—7‘))(2-{—204)\(1—7')—T(l—a))?’jzy’ (59)

N (1+ Xa) p?
(1-)a) ((1 + )\a)2 —(I4+aN)(1=7)+ (a+N) 7)2)

J=E. (60

| 9,

PROPOSITION 2: If the initial income inequality A equals its steady state value N’
given by (59)-(60) and the endogenous growth condition holds, such that % = %,
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then the economy follows a balanced growth path such that the growth rate of per capita
incomey, =+, j =Y, E, where,

) 1 o
v = TN (W+pnr+(1—a)(l—X—p)nl+ ((A—F,M)Q—,u) o?/2 — YVN),
(61)
and the negative trade-off ) between income inequality and the growth rate as a function
of the degree T of progressivity are given by

; 6, .
= 0,7=Y 62
Zltrad—qr) >/ 7"0 62)
; O, .
S = >0,j=F 63

where

0, = 1+ (l-71)) (oz+(1—oz)(1—7’)2)—,u2(1+/\04(1—7'))
FOA+ A=Al -7) (1 + A (1=7)° = (a+ (ad—a+1)(1-71))7),

O = 21l +Aa)(a+(1—a)A+(1—-a)1—N)(1-7)) -2 (1+Aa)
T+’ (1 =2a) (T+ ) = (@+ A+ (1 —a)(1-))(1-7)7).

Proof: See Appendix.

From the above proposition we conclude that, for a given redistributive regime, across
different steady states a higher income inequality corresponds to a lower balanced growth
rate. Thus we establish a negative relationship between income inequality and the growth
rate of per capita income both along the transitional path and across different balanced
growth states that share a common redistributive regime.

A question then arises naturally: can we redress this problem of growth deceleration
with rising income inequality by progressively redistributing income from the rich to the
poor? The following section takes up this issue.

4 Progressive Redistribution and Growth

We consider the merit of redistributing resources from richer to poorer people in a pro-
gressive manner, such that, in the underlying redistributive scheme, the degree of progres-
sivity 7 > 0. We ask what value of 7 would be consistent with a dynamically efficient
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consumption path for risk-neutral agents. Clearly, as 7 decreases, by (59) and (60), in-
come inequality increases and approaches infinity.> Naturally, a related question arises
if the growth rate could nevertheless remain finite. The following lemma addresses this
concern.

Lemma 9: As 7 goes to zero, the balanced growth rate, v7, j =Y or E, approaches a
finite limit v such that

oo 2
v <w+uln/i+(1—a)(1—)\—u)lnl—(1 aA=ppo < 00.

- 1—a) 1—al 2
(64)

Proof: Substituting (59) or (60) into (61) and setting 7 = 0, we can get (64). [J

Special Case: \ =0

A lower value of 7 increases income inequality, which in turn retards economic growth,
as the previous section discusses. In particular, if A = 0 then by (56)-(58), rising in-
equality, due to a lower progressivity in redistribution, by itself clearly lowers TFP and
retards the growth rate of average human capital, and hence that of the per capita output.
Nevertheless, by (56), a lower degree 7 of progressivity implies a higher growth rate of
per capita income for any given level of income inequality. By (58), this positive effect
on the growth rate is a result of the improvement in the average human capital of the par-
ents, which influences the quality of the education received by the children, who are the
producers in the next generation.® A lower progressivity means returning resources from
those with a lower human capital to parents with higher human capital. Because the edu-
cation technology exhibits increasing returns to scale, such a transfer of resources results
in an overall improvement in the average quality of the cohort of parents, and hence in
the effectiveness of the education expenditure in all subsequent periods. Thus, a less pro-
gressive redistribution would raise the growth rate of the average human capital, which in
turn would boost the growth rate of the per capita income. The above gain shows up as
an immediate increase in the growth rate of the average human capital, which partly off-
sets the growth-retarding effect of the subsequent increase in income inequality discussed
earlier, following (58) and which is summarized in Lemma 8.

However, without further analysis, the overall effect on growth of lowering the pro-
gressivity of redistribution would appear to be ambiguous. In the next section, we prove

3 A risk-averse agent may not like this scenario, and it is well-known that the welfare-maximizing 7 in
that context would be a function of the controversial and subjective risk-aversion parameter. We leave this
normative issue aside and focus on the positive question posed above.

®Note that o + 3 > 1 implies that an increase in the curvature of the education technology with higher
values of o and 8 would enhance the beneficial effect on the growth of average human capital obtained by
lowering the progressivity parameter 7.
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unambiguously that a reduction in the degree of redistribution 7 both increases the long
run balanced growth rate and pushes the whole transition path upward to that state, such
that the growth rates remain higher in every period under the new regime with reduced
progressivity.

Lemma 10: (Special Case, A = 0) % < 0.

Proof. If A = 0 then, by (56),
vy=p(lnr—(1—p)o*/2+BIns) + (1 —a)(1—p)lnl — afur’A, (65)

where, by (59) or (60), the steady state income inequality A satisfies,

2 2
- K L (66)

1—(1-ppr)” 2
Note that, by (66), 72A = ng—jgi)’ which is a smooth function of 7 forall 0 < 7 < 1,

and equals 0 when 7 = 0. This means that as 7 decreases to zero, v approaches a finite
limit. Consequently, by equation (65), if 7 = 0 then

vy=p(nr—(1—-p)o*/2+BIns) + (1 —a)(l— )l (67)
Differentiating (65) with respect to 7 yields

@——M<O.D (63)

or  (2-Bpr)’

General Case: \ > 0

Lemma 11: (General Case, X > 0) % < 0.

Proof. See Appendix.

4.1 A Note on the Growth Rate of Consumption Per Capita

The above discussions establish that the balanced growth rate always increases in response
to a lower degree of progressivity. Note also that this increase comes as a ‘free-lunch’,
since we allow a subsidy sufficient to keep the ratio of saving to disposable income con-
stant, at the laissez-faire rate. Consequently, by (5)-(7) and Lemma 2, it follows that the
growth rate of consumption per capita must be equal to the growth rate of output per
capita.

Figure 1 illustrates how the common growth rate of output and consumption per capita
jumps up immediately after a reduction in the progressivity parameter 7. Clearly, if A = 0
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then, by (56), as 7 decreases, the adverse effect of inequality decreases and the growth
rate increases. From Lemma 8 and equation (53), similar conclusions follow for the case
with A > 0. The following lemma establishes that claim explicitly, and elaborates the
channel through which this growth boost occurs.

Lemma 12: For a given level of inequality, a once and for all reduction in T increases
the common growth rate of output and consumption per capita.

Proof. See Appendix.

Lemma 13: Suppose that the economy is on a balanced growth path such that for all
t, the common time invariant growth rate 7l (1) = v/ (1), j = Y, E. If the government
reduces the degree of progressivity of redistribution by setting a new policy T2 < T1 at
period t =T then for alln =0, 1,2, ..., v, ,(T2) > (7).

Proof. By Lemma 12, the growth rate jumps up immediately to a higher level in
response to a reduction in 7. By Lemmas 3, 5, 8 and 11, the growth rate must converge
to a limit that lies strictly above the value prior to the reduction of 7. By Lemma 8, if the
growth rate declines, it must do so monotonically. Consequently, it must stay above the
pre-tax reduction balanced growth path. [

4.2 Dynamic Efficiency

We define an equilibrium as dynamically inefficient if a social planner can redistribute re-
sources to increase the equilibrium growth rate of per capita consumption in some period
t. An equilibrium is dynamically efficient if and only if it is not dynamically inefficient.

PROPOSITION 3: The economy’s endogenous growth rate follows a dynamically effi-
cient path if and only if the degree of progressivity in either the income tax regime or the
education finance regime is set to zero.

Proof: For any arbitrarily small degree of progressivity, a reduction in 7 to lower
progressivity would, according to Lemma 13, lift the entire sequence of growth rates
above its previous state. In other words, the optimal degree of progression must be set
to zero for the economy to reach its maximal possible growth path, or, equivalently, its
dynamically efficient equilibrium. []

If we consider the case where agents get disutility from work, by (11)-(12), the above
change in policy would encourage each agent to increase the labor supply, which would
boost the growth rate further. If we consider risk-neutral agents then the above policy
would not only be dynamically efficient but would also maximize welfare.
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5 Consistency of the Model with the Data

Gordon and Li (2009) report that the countries with per capita incomes less than $745 col-
lect only about 36% of their revenue from income taxes, as opposed to the 54% that coun-
tries with per capita incomes above $9,206 collect. Also, according to the same study, the
tax to GDP ratio in the less developed countries is only about 50% of that of their devel-
oped counterparts. These findings may simply reflect that the less developed countries
do not have an efficient institutional framework for collecting income taxes. However,
they may also signal that the low income countries have a lower degree of progressivity
than their developed counterparts. Sicat and Virmani (1988) report that less developed
countries tend to have a relatively low average marginal income tax rate. This paper pro-
vides one reason why such strategy may be helpful for fostering economic growth in less
developed countries. Using a panel data across a large number of countries, Jha (1999)
reports that an increase in the average marginal tax rate decreases growth at a low level of
GDP, while it increases growth at a high level of GDP. This is consistent with our model’s
prediction together with the finding of Trostel (2004) that the evidence of increasing re-
turns to scale in education technology is only strong among the less developed countries.
Park (1998) also reports a negative effect of redistributive tax on economic growth.

On the impact of redistribution on growth, the work of Easterly and Rebelo (1993) and
Perotti (1996) are worth noting. Using several measures of redistribution (marginal tax
rates, average tax rates, social spending), Easterly and Rebelo (1993) find that redistribu-
tion is likely to have a positive impact on growth. Perotti (1996) also reports that a higher
marginal tax rate has a positive impact on growth. These reports are in contrast with the
evidence gathered from less developed countries, indicating that the endogenous growth
model that we provide here is possibly more suitable for studying economic problems in
the developing countries rather than the developed countries.

6 Concluding Remarks

We assume a production technology with diminishing returns to capital and no credit mar-
kets in order to demonstrate that an exogenous decrease in income inequality always lifts
the growth rate of per capita income up in all subsequent periods. However, we prove
that if the same model generates growth endogenously, using an "increasing return to
scale" (IRS) education technology, a progressive redistribution to reduce income inequal-
ity would unambiguously push the economy down to a dynamically inefficient growth
path. We provide empirical evidence from recent studies in labor economics that the
education technology does exhibit such behaviour, especially in less developed countries.

Note, however, that the use of an IRS education technology is neither necessary nor
sufficient for establishing no progressivity as the dynamically efficient policy of redistri-
bution. A sufficient condition for the above outcome to hold is that the economy exhibits
endogenous growth such that returns to capital or, equivalently, its marginal product ap-
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proaches a constant. This condition requires in turn that an increment of the average
stock of physical capital must be accompanied by a proportionate increase in the aver-
age stock of human capital. A progressive redistribution raises the average stock of both
types of capital if and only if both production and education technology exhibit dimin-
ishing returns but endogenous growth cannot occur under such condition. Consequently,
a policy of progressive redistribution ends up slowing down the engine of endogenous
growth. The above result is our main contribution. We elaborate the specific details of
our model’s result below.

Following a reduction in the degree of progressivity from any arbitrary value, the
common growth rate of consumption and output per capita always jumps up, primar-
ily because the reduced progressivity, coupled with increasing returns to scale education
technology, implies an increase in the growth rate of the average human capital. Sub-
sequently, income inequality increases, raising interpersonal differences in productivity,
which in turn lowers TFP, and hence lowers economic growth. Nevertheless, the policy-
induced boost in the growth rate of average human capital enhances the common growth
rate of output and consumption per capita sufficiently to outweigh any slow-down in sub-
sequent periods due to the accompanying increase in income inequality. Consequently,
the whole consumption path moves to a higher level in all periods. The above result im-
plies that the policy of eliminating progressivity from a redistributive policy altogether
would be dynamically efficient.

If we relax the model’s assumptions and allow for a fully functional credit market,
a competitive market for trading capital goods, disutility from work and redistributive
policies without offsetting subsidies of education and bequests, then the above result will
only be strengthened. Finally, if we focus our attention on risk-neutral agents only, then
a progressive redistribution also lowers economic welfare in our model.

Besides establishing this key result relating to the merit of progressive redistribu-
tion, our contributions include various features that may benefit future research in more
than one dimension. We offer a new model of endogenous growth and income distribu-
tion which is consistent with the evidence reported by prominent labor economists. The
model should be especially useful in less developed countries for examining macroeco-
nomic outcomes related to growth and income inequality. Our extensive discussion of the
transitional dynamics in a model where growth and income inequality arise and evolve
endogenously makes a special contribution to a relatively unexplored area of the litera-
ture. In particular, we provide an explicitly derived analytical expression to characterize
growth-inequality dynamics which can aid future empirical research in characterizing
theoretical underpinning behind the so-called growth-inequality relationship.
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Appendix

PROOFS OF LEMMAS 1 AND 2:
Under the income tax scheme: By (7), (8) and (9), we rewrite (10) as follows:

i i g (1—p) In(1 = s}, — s5) —In (14 0) +Ing; — (1})"] }
0 (0, M) = e { I '

(A.1)
Agent solves (A.1) subject to (2) and (4) and

hi+1 — ((1 4 d) Sit)ﬁgi-i-l (ki)ﬁ)\(l_ﬂ (hi)aer’u(l—T) (li)ﬁ(l_/\_u)(l_ﬂ (ﬂt)BT . and
(A.2)
Ky = (L) shy (kD)7 ()77 ()0 gy (A3)

We guess the value function as: InU (h, ki, My; T) = Z;Inhi + ZyIn k! + B;. Then by
substituting this value function into (A.1), we get

i i _ . In (1 — s}, —sb)/(1+0)
ZilnbitZynkit B = (1 =) ( 1= A0 (1= ) Il + 7 Ing — ()"

+(1=p+pBZ1+ pZa) N(1 = 7)Ink;
+ (L= p+pBZy+ pZa) (1 = 7) + paZy) Inh;

Ink + BIn(1 +d)st, — 0?/2

Z
+p +8(1—A—p)(1—7)Inli + BrIng,
+Zy(In(14v)sh, +(1—A—p)(1—7)Inli + 7Ing,) + B
(A.4)
Taking partial differentials with respect to In k! and In h! yields
Zyv=1=p+pBZi+pZa) p(1 = 7) + paZy, (A.5)
Zy=(1—=p+pBZi+pZ) N(1—71). (A.6)
Rearranging equations (A.5) and (A.6) yields
1-— 1-—
Z, - (1—pp—71) (A7)

(1 =pa)(X=pA(1=7)) = pBp(l—71)
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(1—pa) (X —p)A(1—7)
(1=pa) (A =pA(1=7)) = pBu(l—7)
The values of human and physical capital, as expressed by their utility elasticities, are
given by Z; and Zs, respectively. Note that the tax rate 7 can alter these Values individ-
ually but does not alter the relative value of human to physical capital, )\(1 oL which
increases with the output elasticity of human capital u, the neighborhood effect « and
patience p, but remains unaffected by the quality of education 5. We can then verify the
guess and confirm the existence of (A.4).

The first-order conditions of (A.1) with respect to the saving rates and labor supply

Zy — (A.8)

are , .
1'—p __ aantZH@lnhtH+8an;+181n/?§+1 ’ (A.9)
1—si,—sh, " \O0lnhi, 0s, Olnki , 0sy,
1‘—p ., 31I1U?+151nhi+1 Gan;H@lnlﬁH ’ (A.10)
1 — 5%, — s Olnhi , Osy, Olnk; , 0sy,
i\n—1 i
L=p)n ()" =A=p)A=A=p)(1=7) /L (A.11)

OlnU,, 0lnki,, OlUi, ok,
dlnhi,, Ol olnki,, ol )’

where dInk;,, /0s}, = 0,0In k], /0sh, = 1/s4,0Inhj ,/0s', = B/s},, Olnhj ,/0sh, =
0,0k, /0l = (1= A—p)(1—7)/ljyand Olnhy,, /Ol = B (1 — A —p) (1 —7) /13,
The above optimization problem (A.4) is strictly concave. Consequently, (A.9)-(A.11)
are sufficient for the optimization exercise and Lemmas 1 and 2 follow immediately after
we substitute (A.7) and (A.8) into (A.9)-(A.11).
Under the education finance scheme: By (7), (8) and (9), the Bellman equation is as
follows

(1= p) [In((L— s, —s3)/ (1+6))

U (h,k;, My;; T) = max FAInEl + plnhi + (1 — X — p)Inll — (1)"]
814851l
+pE; [hl (U <h§+1a k’iﬂa M yq; T))]
(A.12)
where h}_, and k{_, are given by (27) and (28), respectively. Suppose that In U (hj, kj, M; T') =
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ZyInhi + ZyInk} + B;. Substituting into (A.12) yields
Zilnhi+Zynki+B; = p(Z (Ink+ BIn(1+d) —0%/2) + By1) — (1 — p)In(1+6)

+(1 = p)In (1 = si, — sb) + p(BZ11In (1 +d) s, + Zo In (1 + v) s3,)
+pBZiTIng, + (1= p+pBZy (1 = 7) + pZy) (1 = A — p)Inl}
+ (L= p+pBZi (1 —7) + pZs) NIk — (1 - p) (1})"

+((L=p+pBZy (L= 7) + pZa) i+ paZy) In hj.

(A.13)
Taking the partial differentials of (A.13) with respect to In k! and In h! yields
(L—p)p
7y = , (A.14)
b (= pN) (1= pa) —pBu(1—7)
1-— 1—p) A
Z, - (1 —pa)(1—p) (A15)

(1= pA) (1 = par) = pBp(1—7)
The differences between equations (A.7), (A.8) and (A.14), (A.15) are the absence of
1 — 7 multiplying the numerator and pA in the denominator. The first-order conditions
for the saving rates are unchanged and are still given by equations (A.9) and (A.10). The
first-order condition for the labor supply becomes

OlnU/ ,0lnhi , OlU},0nki,,
olhi,, ol | ok, 0l )

(A.16)
The strict concavity of equation (A.13) implies that equations (A.9), (A.10) and (A.16)
are sufficient for optimality, and thus Lemmas 1 and 2 are established, after substituting
(A.14) and (A.15) into (A.9), (A.10) and (A.16). O

=) ()™ = (1= p) (1= A— o) Jli4p (

PROOF OF LEMMA 3: By assumption, at the initial date ¢ = 0, the physical and
human capitals are lognormally distributed. By (26) and (27), it follows that k! and h!
remain lognormally distributed over time, and hence, by (2), i is lognormal and is given

by,
Iny, = Ank} + plnhl + (1 — X —p)Inl. (A.17)

By (11), it follows that the mean of the lognormal distribution of y; is given by,
1
/ Inyidi = Amyg; + ppmp + (1 — X — p) Inl. (A.18)
0

The variance of Iny; is the sum of the variances of In &} and In A} plus the covariance of
these two variables

var [Inyi] = NAY, + p°AF, + 2\ ucou,. (A.19)
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The income per capita y;, following Crow and Shimizu’s (1988) description of properties
of the moment generating function on a lognormal distribution, is

r v 1 ,
Y = / yydi = exp (/ Iny;di + g var [ln yi]) . (A.20)
0 0

The median income is

1
Yt median = €XD (/ In y,’fdz’) . (A.21)
0
In line with Benabou (2002), therefore, the inequality index is
1 .
Ay =log ( i ) = 5 var [Iny;] = (VAR + p2A%, 4 2Mucovy) /2. (A22)
Yt median

This proves Lemma 3. [J

PROOF OF LEMMA 4: To derive the expression for the break-even point defined
in (5), we note that the mean of y} in logarithm, according to equation (A.20), satisfies

Iny, = Amg + pmp + (1= A — p)Inl + Ay, (A.23)

and the mean of (/)" ™" in logarithm is

1
ln/ (yi)l_T di=(1—7) (N + g+ (1 =X —p)Inl) + (1 —7)° A (A24)
0
Taking the difference between the income before and after tax yields

1
Iny, — ln/ (yi)lfT di = Atmp + prmpe + (L= A —p)7Inl +7(2 — 7) Ap. (A25)
0

It means that
Ing, = Amg + pmp + (L= XA —p)Inl+ (2 —7) Ay (A.26)

From the proof of Lemma 3, we know that the physical and human capital are distributed
lognormally. Then, from the property of the moment generating function for lognormal
distribution, we get

Ink =my + A%/2and Inh = my, + A} /2. (A.27)
Then substituting (A.27) into (A.26) yields (31). This proves Lemma 4. [
PROOF OF LEMMA 6: Substituting (A.27) into (A.23) yields
y = KT exp (A= 1) AA] + (p— 1) pAj, + 2Mpcov) /2)  (A28)
= TEP kA0
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Then we get (45). If A = 0, by (A.22), we get
]_ _
mTFP = —— P\ (A.29)
0

The above equation shows that a higher A or A leads to a lower TFP. Thus the proof of
Lemma 6 is completed. [J

PROOF OF LEMMA 7: Under the income tax scheme, by (A.23), we get the
growth rate of per capita income as follows

Ny —Iny, = X(Migsr — mie) + 10 (Magr — mae) + Ay — Ay (A.30)

Then, substituting (32)-(36) into (A.30) and by Lemma 3 and endogenous condition, we
get (53). Similarly, under the education finance scheme, by substituting (34), (35), and
(37)-(39) into (A.30) and by Lemma 3 and the endogenous condition, we get (53). This
proves Lemma 7. []

PROOF OF PROPOSITION 2: Integrating both sides of (29) across all agents i we
get,

1
/ Iny;  di = +phnr+(1—a)(l—X—p)nl —po®/2+ A+ Bu)TIng, — At In gy
0

(A.31)
+(a+ A+ Bp) (1 - T))/ Iny;di —aX (1 — 7)/ Iny; ,di.
0 0
From (A.20), we know
e r 1 ,
/ Iny;di = In/ ydi — 5 var [ln yﬂ . (A.32)
0 0
Combining (A.32) with (A.31) yields
L 1 ,
ln/ Yy di — 5 var Iy ] =v+pnk—po®/2+ (1 —a)(1—X—p)lnl
0

(A.33)

+ (A +Bu) TIngi — adrln gy

+(a+ AN+ Bp)(1—71)) (ln/olyidi — %Var [lnyﬂ>
(1) <ln /O i adi— % var In yg1}> |
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Similarly, under the education finance scheme, integrating both sides of (30) across
all agents ¢ yields,

1
/ Iy, di =10+ plnk —po?/24+ (1 —a)(1—=A—p)lnl+ Burlng,  (A.34)
0
1 1
+(a+ A+ 8u(1l— 7'))/ Inyidi — a)\/ Iny! ,di.
0 0
Then, substituting (A.32) into (A.34) yields

1
ln/ yz+1di—§var Iny ] =v+pnk—po?/2+ (1 —a)(1—X—p)lnl
0
(A.35)

L 1 ,
+(a+A+8u(l—71)) <ln/0 yZdi—gvar [lnyﬂ)

o 1 ,
— al\ (ln/ Yy di — 5 var [In y§1]> + BuT In .
0

And by substituting (31) and the endogenous condition into (A.33) and (A.35), and by
Lemma 5, we can prove (61). This proves Proposition 2. []

PROOF OF LEMMA 11: The balanced growth rate v* of per capita income under

the education finance scheme is given by (61). Taking a differential w.r.t 7 yields
" (1-a)
or  1—a\

<(1—/\) 2-2n)A"4+72—-7)(1-N) %). (A.36)

Taking the logarithm of (60) and taking a differential w.r.t 7 yields

Oln AP (1) _ 2(A+aN) (A=) +(a+N)T)1—a)(1=N) (A37)
or (1+X)’ = (1+aN Q=7+ (a+N)7) '

We know g—ﬁ = angAA. Then substituting (A.37) into (A.36) yields

ﬁ__l—a( 2r(1—a) (1= A) (a+A)
o T T T W an @)+ (@7

) AP <. (A.38)

The above equation shows that % < 0 forall 7 > 0. And by Lemma 9, we can see that
7vE(0) exists. This implies that v¥ decreases monotonically with 7 > 0. The balanced
growth rate ¥ reaches a maximum at 7 = 0. This therefore implies that the optimal
degree of redistribution is zero.

Similarly, under the income tax scheme, by taking a differential of (61) w.r.t 7, we get

N (1-a)
or  1—a\

((2 2N +7(2-7) 85&—:> . (A.39)
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Taking the logarithm of (59) and taking a differential w.r.t 7 yields

OlmAY (1) 20\ C2(l-a)(at(1 =N+ (0+aN)(1-1))
or 1= XNa2(1-7) (1+X(1-7)"—((A+8p)(1-7)+a)
(A.40)
We know g—ﬁ = %%AA. Then substituting (A.40) into (A.39) yields
1 —da+a)?
0¥ N | —o 2a7-2(1—0z)(1+oz)\) ( FAB—T)(1—7)+arr(2—7)(1—\) )A
or — 1-ah o (L4 da(1=7))°
a=ra =) (80 Do)
(A41)

The above equation shows that % < 0 forall 7 > 0. And by Lemma 9, we can
see that v¥'(0) exists. This implies that 4* decreases monotonically with 7 > 0. The
balanced growth rate ¥ reaches a maximum at 7 = 0. This therefore implies that the
optimal degree of redistribution under the income tax scheme is zero. Hence, Lemma 11
is proved. [J

PROOF OF LEMMA 12: Substituting (31) and the endogenous condition into
(A.33) yield

(1—aXL)y, =9 +pulnk —po?/2+ (1 —a)(l—\—p)inl (A.42)
A — (A pB) (1 —1)°) A + adAZ,)2.
By (33), (35), (36) and Lemma 3, we can get
Ay1 = (2224 (A +pB) (1 —7)+a) A (A.43)

—a(a/2+ (Bu+X) (1 — 7)) N*Aj,
—a(a+ (Bu+ A) (1 — 1)) Aucov.

Substituting (A.43) into (A.42) yields
(1—aXl)y, =9 +plnk —p(l—p)o?/24+ (1 —a)(l—X—p)inl (A.44)
+ (4 p8) (1 =7+ )" = (ot A+ ph) (1= 7)) A

—a (/24 (Bp+A) (1 - 7)) A,
—a(a+ (Bu+A) (1 —17)) Aucovy + adAZ, /2.

Taking a differential w.r.t 7 yields

9y
(1 —aAl) 5

=20AN1—=7)4+7) A+ Pu) A\ (A.45)
+a (Bu+ A) (NPAF, + Aucovy) .

31

Y <o.



The variables A;, A2, and cov; are at steady state when the government announces a tax
cut. Thus, we can substitute the steady state into the above equation. The steady state
of A is given by (59) and steady states of A? and cov can be derived from (33), (35) and
(36). They are shown below

u2(1—7>2(1+éa<1—7)) 0% (A46)
(1=Xa(1—7) ((L+xa(l—7)* = (A +8p) (1 —7) +a)?)

A2 =

L) () (et Bu(l-T) (=N (1 -1))
(I=da(l—=7)(1+Xa(1- )2 = (A +Bu) (1—7)+ oz)Z)
Then substituting (59), (A.46), (A.47) and the endogenous condition into (A.45) yields

(A.47)

(1—04)\L)%:— ap A+ (1—a)(1=X) 1+ X1—-7))7 52 < 0.
or (1=Xa(1—1)) ((1+/\a(1 —T))2 — (A + (A=) (1=X)(1 —7‘)+a)2)
(A.48)

This means that -, jumps following a tax cut.
Taking the integral of (22) yields

Ine, =In(1—5 —3) —In(1+60)+Iny, (A.49)

which implies that the growth rate of consumption is equal to the growth rate of per capita
income. We thus conclude that the growth rate of consumption jumps following a tax cut.

A similar conclusion follows in a straightforward way under the education finance
scheme. We skip this repetitive exercise as it does not add any additional insights which
are relevant to our main result. Thus Lemma 12 is proved. [
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