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Abstract;

This paper examines the effects of inequality on the rate of growth of an
economy. We assume that it is easier for an individual to achieve q given
level of human capital the higher society'’s average level of human capital,
Agents with above average human capitgl Jind it relatively more costly to
acquire additional human capital, while agents with below average human
capital find it relatively cheaper to acquire additional human capital, The
existence of such an externality implies that even when there is no income
inequality agents will behave inefficiently. In order 1o achieve the optimal
growth rate, a lump sum tax must be combined with q Subsidy to investment
in education. When incomes are heterogenous, we show that income
convergence is attained in the long run. We also show that the effect of
inequality on the growth rate of an economy depends on the Sunctional form
of the externality. When the externality function is concave, income
dispersion reduces the rate of growth. On the other hand, when the
externality function is convex, the effect is ambiguoys,

L. Imtroduction

The purpose of this Paper is to analyze the effects of income inequality on the
growth rate of an economy. Qur interest in the subject is motivated by the striking
differences in the Browth rates of different developing countries,

In the classical development literature, succesful growth was associated with
higher income inequality (Lewis (1954)). The classical argument runs as follows,

* We thank comments from an anonymous referee of this journal, Psblo Serra acknowledges support
from FONDECYT,
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i ference, consequently they save a E_.mmq
53_5« s __wac M.»wm ﬁ%om.m. Mmﬁm%.&?ﬁ the savings rate should be higher _Hs.
P oorics & ﬂ_wﬂ_ E_ﬂwﬂo inequality, The factual o&no:mo does not mm:aa m_oo mnﬁvﬁ_uoom
countrics g Emmmon since the 1960's casual observation suggests that iy
o 8:.0:%_3_.0 ing om::&om is negatively related to the degree Mm.“nom“”w m:mamoz:_
mﬂos.:_ ountry, % ood example is provided by comparing Latin m.__.“ n. and South
o Ats s Eamm In the first group, slow growth is associated c..m _ m._o come
m»mﬂ wﬂw o,mwmauu .Em second group combines Emﬁ_—.w mﬂiﬁ an%.m mwauoo Mimo ﬂwm oes of
ocuality 1 ntries differ in other imp . > ar
:._onns:.Q e Wwwmw._m. M_U_Mm Wmommmmn-mznam in the w.noiﬁ m.usm. Nevertheless, it is
e s oﬂvwo_.o how growth is affected by income 5.3:&5. . red by Romer
e w nwuwm related to the endogenous growth literature pionee a.by Romer
o s.om as (1988). In these papers, growth is the consequence f economic
(o .Ea. azn ntralized economy. Their models, by relaxing some onoamom ore
e brctive assumm tions of the neoclassical growth models, allow for oo% omies that
achieve o »mmzm_% rowth. This result depends crucially on the existence M. o e oF more
moim_ammwwasmﬁﬁmﬁmﬁa E.mx_coon without requiring the use, direct or indirect,
capi

reproducible factors.

TABLE I

INCOME DISTRIBUTION AND GROWTH

Percentage Share of Income

Top/Bottom Growth GNP/capita,
Country Lowest 20% Top 20% Oﬂwnmo AP
4.0 0.7
A
P . 53.0 133 :
Colombia (88) 4.0 o oy 23
Costa Rica (86) 33 i b b
o & mcum 10.8 -L.0
Venczucla (87) 4.7 —
14.3 .
Average Latin America® 3.8 54.5 -
48.0 8.7 :
Phitlipines (85) m.m o 3 »
Malaysia (87) 4. PP o Py
Singapore (82) 5.1 e 23 s
o T u._..m 4.5 6.5
Taiwan (85) 8.4 . -
.5 8.0 X
Average Bast Asia 58 46

Sources:
World Hvﬂ<ﬂ—°§ﬂ=n ”nﬂOﬂ 1992. Data for Taiwan comes from Table 8.1in WO.:-NENEQU and Motrisson
Aﬂ@@Ov and zwﬁﬂ.—ﬂﬂ- AHOOOV. The data are not Og-wﬁmﬂ-.o—__.u« ﬂO—._..thn.G_.ﬂ. For nstance, some observations

P A iture.
report family income while others correspond to individual income or expenditure.
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Ehrlich (1990) has proposed a distinction between those models which consider
human capital as the key source of growth and development (as in Lucas (1988)) and

(as in Romer (1986)). As we are interested in the study of growth in developing
countries, it appears that models based on human capital are more relevant as litle
technological innovation takes Place in these countries, Furthermore, there is much

enroliment variables are strongly related to Per capita growth
rates. These conclusions are shown to be robust by Levine
Extreme Bounds Analysis,

Theoretical explanations for a relation between income distribution and growth
have also received attention recently. Some authors (Sachs (1989), Benhabib and
Rustichini (1992)) have explored the possibility that more inequality leads to more
social instability in 2 country, and that this instability could in turn reduce the growth
rate. A second explanation for the effects of inequality on growth is based on the
existence of restrictions in credit markets for poor agents (Banerjee and Newman
(1991)). Other authors highlight the effects of taxation: these effects are positive when
tax revenues are used for education (Glomm and Ravikumar (1992)} or negative when
they are used for redistribution (Persson and Tabellini (1991)).

Our approach appeals to the existence of externalities in the process of capital
accumuiation that gives rise to growth. Our externality, which is similar to the one
described in Tamura (1991), is the result of spillovers in the hyman capital investment
technology. Nevertheless we differ from Tamura in that we incorporate production into
our model. The introduction of production gives us new results that are absent from
previous analysis?,

In our model, the stock of human capital of an individual depends on the stock of

assume that it is more difficult

33«»38%20&5.2::@ Eanoae,o_.unmuqnong agents with below average capital
stocks®, L

el

so the society's expenditure in education is lower than optimal (see Stokey, 1991), This
resuit implies that countries that correct for this externality by subsidizing education
will achieve higher growth rates,

Next we study the effects of income heterogeinity in this €conomy, We show that
in the long run there is income convergence in this economy. This implies that the
growth rate of the €conomy converges to the steady state rate of growth of an economy
with no inequality. Similar results appear in Tamura (1991), in an economy without
production. However, in Tamura (1991} there is no convergence with logarithmic
utility, becanse there is no production, Our ecorony does not follow a Kuznetz {1955)
inverted-U path for income distribution; income converges along the whole path of
growth. The reason for income convergence in our model is that the externality reduces
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the efficiency of the investments of the rich, With no externality, inequality would
Pers also derive conditions on the externality that ensure that .Eon.unm:ﬂw _.oaaoam.w. Eﬂa
,ﬁMo owth. Inequality affects the accumulation of human capital in two i&ﬂ.ﬂ M.m&
inec mw:m—_.w _osﬂa& the savings rate of the wealthy because of %Qom&:%: Mamoﬂ S
M”mmgﬁai for agents with above average human m.mnnw_m.wn.wm Mmﬁ.._wmnmo amma e for poor
t the net effect is to decrease the soci - )
mm% EwwM\a_w%M M:nm_smo functional form of the amﬁBE_G. When the amﬁaw_sw %n%_w.”%
i MM._SWM income dispersion has a negative impact on the an__ncws A”.wsaocmm__o:mq
o ital .:.h.wm effect, coupled to the decrease in aggregate Bém::g_wz ambiguously
oy m the rate of growth of aggregate human mmu_s_. On Eo. o m_.m. ¢ .c: the
8&:8&: function is convex, income dispersion has a positive m F onnozm the
oxnm..n mo-w of human capital. In this case the two on..oos £0 in opposite M..__on s an
wsnw hnﬁ effect is ambiguous. Thus it is possible that inequality may make the economy
ﬁci&ﬁﬁmw show that in countries with non-sophisticated technologies, in ..ﬂw wo__ﬂw
that EMWN industries use low human capital-labor ratios, inequality is M_wno__mcw Mo_._.
hi " an positive effect on growth. Low income countries may be assume A mo have non-
mwwﬂmw:n»ﬁn technologies, i:w.dmw high mawpﬂﬁm.wnW=Wﬂ“Mm_ hwﬁ sz& human
i ios i ction. In this case in : .
omwﬂw__mwwm_. chwmmmmnmm%ﬂ_o countries than that of low income countries when the
& high
i $ COnvex. . .
oxﬁm:ww_ﬂ M_.__MMM_oWM savings rate of the wealthy is lower than that of nwa vo%w.waw_“__m
:: seems to contradict observed facts. This is not the case, however. _How ent and
Haw_mn s statistics normally do not include money m_:_nuﬁn in 85»:09.” : mﬁm were 10
n \ m hysical capital as a factor of production in our model we wou [ind that the
M_M__nmmww uwowoaosw:w less in human capital but more in physical capital than the poo
i i d Serra (1993)). ) . .
e :.ﬁw:%% Mwww_ww.owﬂm owmmnmuoa as follows. In section 2 we En.oazmn En.cwmﬂo
.H.__..m -.omw&os 3 we analyze the externality. In section 4 we a_mmsmm ammo_go.w in the
:E%_Mwwa”o:m economy. In section 4 we study the relationship between income

inequality and growth,

II. The Basic Model

i i iod and then die, leaving an
horts of agents that live a m_zm_o;?:,. :
i :aMW:MM_w% hmw_. descendants. Agents care mg__p. the iaﬁmﬂ of EM._. Mw.mnm_mmwm_wowm
“__“n% behave like infinitely lived individuals. Specific production and utility
are used so that explicit solutions can be obtained.

Production

i ital- one final good model, In
is i factor —unskilled labor and human capit I
all .M__._“wn_wm meisom__mh.&nc& inefastically m_.ubv__om one unit of EW—WE@Q »___mwm_..: W.mﬁnww
omﬁma is a reproducible factor that requires only human capital as put.
agent's production of human capital has the general form

I )
—-ﬁi =f AF. w_. F + "uv
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where h, denotes the agent's stock of hum
human capital and g, the amount of human
new human capital, all variables
referring to individual agents;
superindex u.

We define H, and G, as the society's stock of human capital and the amount of
human capital it spends in education respectively, ie, H = ¥ h*and G, = ¥ N (}

follows that the H, ~ G, represents the amount of human capital the economy spends in
producing the consumption good,

The production function for the final good is:

X, =L%(H,-G),0sas 1

an capital, h, the society's average level of
capital the agent invests in order 1o produce
dated at time t. We use lower case letters for variables
if necessary we distinguish individual agents with a

@

where X,, is the amount of final good and L is the number of individuals in the

economy, all variables dated at time ¢ Choosing the price of the final good as
numeraire, in equilibrium factor prices are given by:

vo=(1-0) [L/(H, - G

(&)
w, = a [LAH, - G)]* @)
where v, is the return on human capital and w, is the wage rate.
Consumption. The utility of each agent is given by
Y (h) = Max ey UEI+YV(h,)] 0<ys1 5)

where ct is the agent's consumption in period tand ¥ the agent's rate of time discount.
The consumption expenditure of an agent during period t satisfies

C=w v AF = m.,v

)
Using (3} and (4), individual consumptions may be expressed as:
1-a)(h -
¢, =L (H, - G )l _m y -0 -g) _ Q)
L H -G,

The expression between brackets in (7), whick we denote g, is the fraction of
aggregate consumption consumed by an agent, therefore 2.&% = 1. For reasons of
tractability we assume logarithmic preferences, i.e

ulcy=aloge,

8
Iil. Externalities in Human Capital Production

We now specify the technology for the production of human capital. We want a
technology that corresponds to the notion that there is an externality in the acquisition
of human capital. In particular, we would like the cost of acquiring human capital to be
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i i this externality is
i level of human capital. The explanation for
mw»w_dw.m”ﬁom Mm.:@%nwﬂwﬂmmwcoa“m there are spillovers, so that individuals benefit from EM
I 4“...“ of education in society. We also believe that agents who _._9.4 _Muwo_u%o »M,M..nwwn
human cpial ond i o i ieden. additional human capital i$ Githoult (o
the frontier of knowledge, addi
mmmmﬁon%amw Hﬁm_sﬁm {1991)), On the contrary, Eo.mo agents that have a mn.oh__n ..M. H“H_”_m_w
Mmumm__ below average find easier to increase their stock of human capital. p
specification is o
by, = ()" (h+8)% 0<8<]

i i t has a positive influence on
is equation, the level of human capital of the paren :
the mﬁon—_“.w% mﬁ descendant, reflecting the cffects of rearing on education.
We can rewrite (9) in a more illustrative way,

h,,, 1! (10)
h,, = (ph+g) A h _v

The second expression in the right hand side Wmmv of _mummﬁvo: %Mwu_.mm%mwhm %ﬁw____.
ternality function, Note that if 8 is less or equal than one half,
wmu no=<omw~on_o_.£wn it is concave. This distinction will become important Iater.

Rearranging terms we have that

C an
h-g =(+p)h - Q._:._vra Q._uivu 15
i human
to have perfect foresight on the path of the average
nmuwpmamﬂwmnmp‘onﬂmmmnﬁmw:&r umw%_uo::m an interior solution each individual's Euler
equation is given by:

due) | W)

meﬁ w__-i
In what foilows we assume interior solutions for all individuals. Now, from (7), (8)
and (11)

1#}

(12)

1-a o Q — Qv AC + _uv_ﬂ- = m—_~+_vra A—_.thrav v qu
u(c) =alog T.na.r -G) I.H.. + G,
Recalling the definition of €, equation (12) becomes
1 y3(1+p) ﬁ.i v:r ' (14)
mﬂQ.r - Oﬂv St Am.m,-..._v _.-_..:
and the transversality condition is
lim y* al-o) 1+p h,=0 (15)

m" m.mnl Qn
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Given the properties exhibited by function u?, the solution of each agent's oun?.mnmmo__
problem ¢an be characterized by the Euler and ransversality conditions.
Using the definition of &, equation (14) can be rewritten as

o o F+_ H 5]
T (H,,,-G,, }+(1-) ?_.mz; = y(1+p)8 _m (H-G ) (1) 9..9; ? (16)
+1

It is immediate from equation (16) that if there is no externality in the education
process (8 = 1), income inequality has no effect in the rate of growth. In this case the
consumption of all individuals grows at the same rate and there is no income

convergence. Before studying the case of income inequality, we consider an economy
with homogenous agents.

IV. The Case of Homogenous Agents

If all individuals have the same amount of human capital, adding up equation ( 14)
over agents results ind:

(H,; -G, )=01+p)§ [H,-G] an

Moreover, using (11) it is possible to rewrite H -G, as

H -G =(1+p) I+ (], )33, (he, /8 (18)
=(l+p)H -H,,
Equation (18) becomes:
Ho =+ p) A+ H, + (1 +p) (1 +p) Sy H, =0 (19)

with roots 4, = (1 + p) and wu = (1 + p)8v. If root 1 admits a non-zero constant in the
solution to the equation, it will eventually dominate the effect of the second root. But
the first root leads to a non-optimal solution because it implies that eventually all
human capital is reinvested into producing more human capital and nothing is left to
produce consumption goods®. This cannot be an individual's optimal solution, More
formally it can be seen that the transversality condition is not satisfied.

Therefore the solution to each individual's optimizing problem has a zero constant
for the first root. The corresponding growth rate is given by A,—1. This is not the
maximum feasible rate of growth. In fact, the growth rate of human capital and of the
econemy is lower than when there is no externality (8 = 1)'°. It is easy to show that the
optimal solution with and without externality is the same!l. The effects of the
extemality on the growth rate can be offset and the first best can be achieved by
exacting a lump sum tax and subsidizing investment in human capital. Consider a
subsidy at a rate of s per unit of human capital invested. The lump sum tax exacts the
amount G s/L from each agent, This amount is considered to be a fixed constant by the
agents. Recalling that all agents consume the same amounts ¢, we may write:
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o (h-(1-9g) sG (20)
Cup = -M.TAH.IQV Tm».lon L
Since
b — (1-9)g, = (1 + (1 = 8) p) b+ (1 = ) (b, ' (b, YR @n
we have:
Hy, -Gy = [(1+ (1 -9 ) Y8/ - )] (H,-G) @

The first best subsidy is the one that achieves the growth rate without externality
(1 + p) v, that is, when

23
s=(1+p) (1-8/(1+p-pd). (23

V. Income Convergence in the Heterogenous Case

For the sake of simplicity we consider two consumers who cn%.m...n mMo w:ﬂmw E_Mwﬂwm
Agent 1 initially (period 0) has more human capital than agent 2. The exter " zw_ ads
oot that have above average stocks of human capital 1o save ﬁnono_do_w_ ww s
e wmanaﬁ that have a stock of human capital below average (see coro »Q_oio_.
ey :Mmmmw Consequently, the income and consumption of the rich tends to grow s
Mu%sa that mm the poor. We have the following result.

Proposition 1. In an economy with initial heterogeneity, the consumption and human
capital stocks of agents converge.

Proof: See appendix.

Let the superindex 1 denote variables corresponding to the wealthy agents. Adding
up equation (16) over agents results in: .

i 24
[(H,; -G +al=0 +p) Y3 (H, -G (24}
where
u 1/5-1 o
U _gu w1 . | ~ - — H,, -G, (25)
T = :IQ.VM.:Q,-_i wﬁlv # A.—nf_ v L 1 1
and
:ﬁ_w 1 -L (26)
©=2 T_

1+1

P
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The variable <, is the key to the study of the effects of the externality. With no
externality T, equals zero. Note that H, — G, represents the amonnt of human capital
which is used to produce the consumption good, Faster growth in H, ~ G, implies faster
growth in consumption. Thus, by (24), the effects of income heterogeneity on the rate

ommno&ﬁr%wgno::.mamnom T, Int the following we discuss the sign of 1,. Our first
result is a simple lemma:

Lemma. The first expression in (25) is always positive.

Proof: In the appendix we show that agent I invests less than agent 2 in proportion to
their respective stocks of hurnan capitat (Corollary 3), i.e.

1 2
& & %)
h! h?
It follows that
hl - gt 2 __ o2
& B -y 28)
LN h?

On the other hand, as § < 1, it is not difficult to show that
(W'Y + (W28 - 2(ht) 1B > (29)
Rewritting (29},

hi 1/3-1
)
h

1+

2
zh?, ﬁ 1 |A M
_._-.L

)]

Proposition 2; If the externality is concave, inequality reduces the growth rate of the
economy,

From (28) and (29) the Lemma follows,

Proof: When the externality is concave & 2 1/2), _ is negative in (26). Then the
proposition follows from the Lemma, since (25) is positive,

The intition for this result is as follows. When there is heterogeneity, the
externality has two effects on the growth rate, The first effect is to reduce the aggregate
savings of the economy. The reason is that the externality lowers the savings rate of the
wealthy agents while it increases the savings rate of poor agents, As those that save less
are the richer ones, the net effect on aggregate investment is negative. This effect js
summarized in the first term in the RHS of equation 25,

The second effect corresponds to the second term in the RHS of (25). The sign of
the second effect depends on the shape of the externality function, When the externality
is concave, income dispersion has a negative effect on the production of new human
capital (by Jensen's inequality). The externality scales down the productivity of
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i made by the wealthy agent. This effect, coupled to the reduction in total
_wwuwwmsq:aw%ummm the wuos,:_ rate wm an economy with inequality is lower than that of an
homogenous economy. Applying the same arguments to income transfers from the poor
to the rich, increases in the degree of ineguality lower the growth rate of the economy.

When the externality function is convex, Jensen's _.umes_:.« makes the second Sﬂs
in (25) negative. The externality scales up the productivity of Ss.wmzzouﬁ.am%o 3,. e
wealthy agent. In this case the two effects a.amnacoa above work in opposite directions
and the net effect on the growth rate is »B?m.cm__m.. It is possible for the growth rate xm
increase when there is inequality. This possibility is more Emo_w the Eﬁ_nn the <m_.ca ol
the parameter a, representing the relative importance of unskilled labor in production.

Low income economies may be assumed to __.&..m <.a=om of aclose to 1, _da.onnzm
the fact that the goods produced are not highly sophisticated. For these economies the
first term in the RHS of equation (25) is close to zero. For high income economies the
human capital-labor ratioc must be high, i.e., oo must be close to 1. In high income
economies, the first term in (25) ao_anma.w even s.&o: the nmﬂo_._._w_:w m::n:.os is
convex and the growth rate falls when there is inequality. In low income economies, _M
is close to zero, so that when the externality is convex the .monn.:a term in (25) could
dominant, resulting in a higher growth rate in economies with inequality.

Appendix

initi i human capital than agent
Lemma 1. Suppose that initially (period 0) agent 1 has more
2, then in all subsequent periods he has more human capital than agent 2,

: First we show —by contradiction that in the first period agent 1 has more
Froof MMM»: M»EB_ Em_m agent 2. Assume the opposite, i.c., that _m._ Eo_ first period
agent 2 has more human capital than agent 1, that is to say hj N.__._. The m,:_a.n
condition (14) implics that €} / €3 < €} / &} From the definition of €}, it

follows that €3 < €}, Gathering these results we obtain:

2 el cgl (AD
efcel<ej<e!

i i i . i 2 > h!), but consumes
Given that in period ! agent 2 has more human capital (h{ 2 h}), (
less than agent 2 (e < €!), it follows that in period 2 agent two smm more
human capital (h3 > hl),). By recursive reasoning we have that (i) (b} > h)),
and (i} e2<el, for t 2 1. From these relations we obtain that

A2

&, <et<el<el, (A2)
Thus, from period 1 onwards we have that agents 1 consumes more than agent
2 (e2<el), %.M: thought the latter is wealthier from period I onwards A:mv. 5.
This is m&o:ﬂm&nna? because it means that agent 2 is not maximizing utility.
We conclude that agent 2 has less human capital in the first period than agent
2, and thereby in each following period.

Q.E.D.
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Lemma 2. Suppose that initially agent 1 has more human capital than agent 2. Then the
former consumes more in all periods.

Proof: Assume that initially €2 > £, From Lemma 1 we know that h? < h}. This
result, in conjunction with the Euler equation (14), implies that

e¥fed > elrel (A1)

It follows that £7 > £}. By a recursive procedure analogous to the one used in
Lemma 1 we have that 2> e!, t 2 1. Therefore, even agent 1 is wealthier than
agent 2, he always consume less. This is a contradiction to the idea that agent
1 maximizes utility. Thus, agent 1 consumes more in period 0. From Lemma 1
we know that agent 1 has more human capital than agent 2 in all periods, it
follows that he consemes more in all periods.

QED.

Corollary 1: The stock of human capital and consumption of both agents converge in
the long run.

Proof: From Lemma 1 we know that h!,, > h?, . Furthermore equation (14) implies
thate? /fel< el fel,

+ 1+l

From Lemma 2 we know that &' > €2 Thus, given that el+e?=1 forallt
el <ey, <¢) (Ad)
Thus consumption of both agents converges overtime. Now equation A4, in
conjunction with equation 14, implies that the stocks of human capital also
become closer,

Corollary 2: (b} - gl)> (h2-g2), 12 0.

Proof: It follows from Lemma 2 and the definition of £,

Corollary 3: Agent 1 invests less than agent 2 in proportion (o their respective stocks
of human capital.

Proaf: From corollary 1 it follows that

rn_z._ —-m.&
< (A5)
b h?
replacing (10} in (A5) results in,
()" (PhL+ g (h,, )18 (o2 + gD
< (A6)

! b2

1
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Equation (A6) implies that

gl g?
e 2t (AS)
B} h?

QE.D.

Notes

1 Clarke ¢1992) has shown that the negative relation between income ineguality and growth is robust in
the sense of Extreme Bounds analysis. Clatke regressed growth on the so called Bamo variables,
inequality indexes and combinations of other variables. Even though the measares of incquality are not
completelly satisfactory, the consistency of the results accross multiple specifications is convincing.

2 Guatemala is not included in the averages because of apparent data inconsistencies.

3 1In Glomm and Ravikumar (1992), the externality appears because onder the public schooling system,
the guality of education is commen 10 all. This externality leads to fast convergence of incomes in the
case of public schooling. L

4 Azarindis and Drazen (1991) have a human capital accumulation function that shows some similarities.

5 Bill Easterly has suggested that a displaced Cobb-Douglas utility function would lead to weslthy agents
that save a higher proportion of their income. So Jong as the increased savings do not overwhelm the
effects of the externality in human capital accumulation, cur main results probably would survive. We
have not attempied this specification, because the model becomes very complex when income is
heterogenous.

6  Furthermore there is some casual evidence supporting the idea that the rich proportionally invest less in
education. For instance, the education of the middle class is not obviously inferior to that of the
wealthy.

7 ﬂnunmwa u satisfies the conditions of Theorem 4.15 in Stokey, Lucas and Prescott (1989).

$  The same formulas apply when there is no extemality in the produciion of human capital, i.e., when &
equals 1.

%  Sincein (18), H, — G, = 0 when the growth rate is (1 + p).

10 The value function is increasing in 8. To see this, use the solution 1o (19) to obtain the value function as
{assume L =1)

V) =3 7 (1 - ) log (M, =Gy + €, = £ (1 - o) ¥ log {(Hy=Gp) (1 + 3p¥] +C,
1=0 1=0

were C,, i = 1, 2 arc constants. This expression is maximized when 8 =1 .
11 Consider the problem of a social planer. The planner is aware that ht = ht. In this case

u{c)=alog [(1 + Mh-h,
and the Buler equations satisfies:
i B y(1+p

5 (-G &y Hyyy ~Gr)
Therefore the economy’s rate of growthis {1 + p) y—1.
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