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This paper develops a growth theory that captures the replacement of physical capital accumulation
by humancapital accumulation as a prime engine of growth along the process of development. It argues
that the positive impact of inequality on the growth process was reversed in this process. In early stages of
the Industrial Revolution, when physical capital accumulation was the prime source of growth, inequality
stimulated development by channelling resources towards individuals with a higher propensity to save.
As human capital emerged as a growth engine, equality alleviated adverse effects of credit constraints on
human capital accumulation, stimulating the growth process.

1. INTRODUCTION

This research develops a growth theory that captures the endogenous replacement of physical
capital accumulation by human capital accumulation as a prime engine of economic growth in
the transition from the Industrial Revolution to modern growth. The proposed theory offers a
unified account for the effect of income inequality on the growth process during this transition. It
argues that the replacement of physical capital accumulation by human capital accumulation as a
prime engine of economic growth changed the qualitative impact of inequality on the process of
development. In the early stages of the Industrial Revolution, when physical capital accumulation
was the prime source of economic growth, inequality enhanced the process of development by
channelling resources towards individuals whose marginal propensity to save is higher. In the
later stages of the transition to modern growth, as human capital emerged as a prime engine of
economic growth, equality alleviated the adverse effect of credit constraints on human capital
accumulation and stimulated the growth process.

The proposed theory unifies two fundamental approaches regarding the effect of income
distribution on the process of development: the Classical approach and the Credit Market
Imperfection approachThe Classical approach was originated3yith (1776) and was further
interpreted andleveloped byKeynes(1920), Lewis (1954),Kaldor (1957), andBourguignon
(1981). According to this approach, saving rates are an increasing function of wealth and
inequality thereforehannels resources towards individuals whose marginal propensity to save

1. The socio-political economy approach provides an alternative mechanism: equality diminishes the tendency
for socio-politicalinstability, or distortionary redistribution, and hence it stimulates investment and economic growth.
See the comprehensive surveyBefhabou(1996b).
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is higher, increasing aggregate savings and capital accumulation and enhancing the process of
dewelopment. Strands of the capital market imperfection approach suggests, in contrast, that
equality in sufficiently wealthy economies alleviates the adverse effect of credit constraints on
investment in human capital and thereby enhances economic growth (Galor and 988)¢,

The proposed unified theory provides an intertemporal reconciliation between the
conflicting viewvpoints about the effect of inequality on economic growth. It suggests that the
classical viewpoint, regarding the positive effect of inequality on the process of development,
reflects the state of the world in early stages of industrialization when physical capital
accumulation was the prime engine of economic growth. In contrast, the credit market
imperfection approach regarding the positive effect of equality on economic growth reflects later
stages of development when human capital accumulation becomes a prime engine of economic
growth, and credit constraints are largely binding.

The fundamental hypothesis of this research stems from the recognition that human capital
accumulation and physical capital accumulation are fundamentally asymmetric. In contrast
to physical capital, human capital is inherently embodied in humans and the existence of
physiological constraints subjects its accumulation at the individual level to diminishing returns.
The aggregate stock of human capital would be therefore larger if its accumulation would be
widely spread among individuals in society, whereas the aggregate productivity of the stock
of physical capital is largely independent of the distribution of its ownership in sotiety.
This asymmetry between the accumulations of human and physical capital suggests therefore
that aslong as credit constraints are largely binding, equality is conducive for human capital
accumulation, whereas provided that the marginal propensity to save increases with income,
inequality is conducive for physical capital accumulation.

The paper develops a growth model that captures the endogenous replacement of physical
capital accumulation by human capital accumulation as a prime engine of economic growth in
the transition of the currently advanced economies from the Industrial Revolution to modern
growth. As argued byAbramovitz (1993, p. 224) “In the nineteenth century, technological
progress was heavily biased in a physical capital-using direction. ... In the twentieth century,
however, the physical capital-using bias weakened; it may have disappeared altogether. The
bias shifted in an intangible (human and knowledge) capital-using direction and produced the
substantial contribution of education and other intangible capital accumulation to this century
productivity growth .. .” Indeed, evidence providedAlramovitz and David2000) and>oldin
and Katz(2001) suggest that over the period 1890—-1999 in the U.S. the contribution of human
capital accumulatioto the growth process nearly doubled whereas the contribution of physical
capital declined significantlyzoldin and Kat2001) show that the rate of growth of educational
productivity was 0-29% per year over the period 1890-1915, accounting for about 11% of the
annual growth rate of outpyter capitaover this period. In the period 1915-1999, the rate of
growth of educational productivity was 0-53% per year accounting for about 20% of the annual
growth rate of outpuper capitaover this period Abramovitz and David2000) report that the
fraction of the growth rate of outpuper capitathat is directly attributed to physical capital

2. Benabou(1996a,2000),Durlauf (1996), Fernandez and Rogers¢t996), andviookherjee and Ray2003)
provide additional theoretical contributions afrotti(1996) andEasterly(2001) provide evidence in support of this
link betweenequality, human capital and growtBanerjee and Newma1993) andAghion and Bolton(1997) among
others, suggeshat equality positively affects an individual's investment opportunities that could be in physical capital
rather than human capital.

3. One may argue that the accumulation of physical capital at the individual's level is also subjected to
diminishing returns due to agency problems. However, the proposed hypothesis remains valid as long as the return
to human capital accumulation at the individual’s level diminishes significantly faster than the return on physical capital
and the adverse effect of equality on saving is larger than its positive effect on the aggregate productivity of physical
capital.
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accumulation declined from an average of 56% in the period 1800-1890 to 31% in the period
1890-1927 an@1% in the period 1929-1966.

The process of industrialization in England, as well, is characterized by a gradual increase in
the importance of the accumulation of human capital relative to physical capital. In the first phase
of the Industrial Revolution (1760-1830), capital accumulation as a fraction of GNP increased
significantly whereas literacy rates remained largely unchanged. Skills and literacy requirements
were minimal, the state devoted virtually no resources to raise the level of literacy of the masses,
and workers developed skills primarily through on-the-job training (G(2880),Mokyr (1990,

1993)). Consequently, literacy rates did not increase during the period 1750-1830 (Sanderson,
1995). As argued bizandes(1969, p. 340) “although certain workers—supervisory and office
personnel irparticular—must be able to read and do the elementary arithmetical operations in
order to perform their duties, a large share of the work of industry can be performed by illiterates
as indeed it was especially in the early days of the industrial revolution”.

In the second phase of the Industrial Revolution, however, capital accumulation subsided,
the education of the labour force markedly increased and skills became necessary for production.
Investment ratio has increased from 6% in 1760 to 11-7% in the year 1831 and it remained around
11% on average in the period 1856-1913 (Matthews, Feinstein and Odlingts88 p. 137),
Crafts(1985, p. 73)). In contrast, the average years of schooling of the male labour force which
had notchanged significantly until the 1830s, tripled until the beginning of the twentieth century
(Matthewset al., 1982, p. 573). School enrolment of 10 year olds increased from 40% in 1870 to
100% in1900, the literacy rate among men, which was stable at around 65% in the first phase of
the Industrial Revolution, increased significantly during the second phase reaching nearly 100%
at the end of the nineteenth century (Cla2k03, and the proportion of children aged 5-14 in
primary schools increased significantly in the second half of the nineteenth century, from 11% in
1855 to 74% in 1900 (Flora, Kraus and Pfennih§33).

The proposedyrowth model captures the historical intensification in the importance of
human capital relative to physical capital in the process of development and its significance
for the determination of the effect of inequality on economic growth. The model is based on
three central elements, in addition to the fundamental asymmetry between human capital and
physical capital. The first element captures the central mechanism in the classical approach. The
preference structure is designed such that, consistently with empirical evidence, the marginal
propensity to save and to bequeath increases with wealthTees(1981),Menchik and David
(1983),Dynan, Skinner and Zeld¢2000))# Hence, consistently with some empirical evidence,
inequality hasa positive effect on aggregate savings (€gok,1995)°

The second element captures the central mechanism of the credit market imperfection
approach. Theconomy is characterized by credit constraints that, consistently with empirical
evidence, undermine investment in human capital (Elag, Spilimbergo and Wachtenheim
(1998), Checchi (2001)). Although, there is no asymmetry in the ability of individuals
to borrav for investment in either human capital or physical capital, credit constraints
along with the inherent diminishing marginal returns in the production of human capital
generate an inefficient investment only in human capital. Given the competitive neoclassical
aggregate production structure, the return to physical capital across all individuals and firms
is identical, and individuals, therefore, have no incentive to borrow for investment in physical
capital.

4. Dynanet al. (2000) find that saving rates in the U.S. rise from 3% in the lowest quintile to 25% in the
top quintile,and 44% in the top 5% of the income distribution. Their findings are consistent with models in which
precautionary saving and bequest motives drive variations in saving rates across income groups.

5. It should be noted that some studies do not find any significant effect of inequality on aggregate savings (e.g.
Schmidt-Hebbel and Serve?00).
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The third element is designed to capture the increasing importance of human capital in
the processf development. Consistently with historical evidence (Goldin and Ki&328), the
economy icharacterized by capital—skill complementarity. The accumulation of physical capital
increases the demand for human capital and induces human capital accunfulation.

In early stages of industrialization physical capital is scarce, the rate of return to human
capital islower than the rate of return to physical capital and the process of development is
fuelled by capital accumulation. The positive effect of inequality on aggregate saving dominates
therefore the negative effect on investment in human capital and inequality raises aggregate
savings and capital accumulation and enhances the process of development. In later stages
of development, as physical capital accumulates, the complementarity between capital and
skills increases the rate of return to human capital. Investment in human capital accumulation
increases and the accumulation of human capital as well as physical capital fuel the process
of development. Since human capital is embodied in individuals and individuals’ investment in
human capital is subjected to diminishing marginal returns, the aggregate return to investment in
human capital is maximized if investment in human capital is widely spread among individuals
in society. Equality alleviates the adverse effect of credit constraints, and has therefore a positive
effect on the aggregate level of human capital and economic growth. Moreover, the differences in
the marginal propensities to save across individuals narrow as wages increase, and the negative
effect of equality on aggregate saving subsides. In later stages of development, therefore, as long
as credit constraints are sufficiently binding, the positive effect of inequality on aggregate saving
is dominated by the negative effect on investment in human capital, and equality stimulates
economic growth. As wages further increase, however, credit constraints become less binding,
differences in the marginal propensity to save further decline, and the aggregate effect of income
distribution on the growth process becomes less signifitant.

The ordering of regimes is important for the understanding of the role of inequality in the
process ofdevelopment of the currently developed economies. Nevertheless, the insights that
the effect of inequality is determined by the return to human capital relative to the return to
physical capital is relevant for the current LDCs as well. In contrast to the historical growth path
of the currently developed economies, human capital accumulation may be the prime engine of
economic growth in some LDCs, even in early stages of development, due to the importation of
capital and skill-biased technologies.

The proposed unified theory generates an unexplored testable implication about the effect of
inequality on economic growthUnlike previous theories this research suggests that the effect of
inequality ongrowth depends on the relative return to human and physical capital. Inequality is
beneficial for economic growth in economies in which the return to human capital relative to the
return to physical capital is low, whereas equality is beneficial for economic growth in economies
in which the relative return to human capital is high. In particular, as long as credit constraints

6. Evidence provided bgalor and Moay2003) suggests that in the second phase of the Industrial Revolution,
education reformsn Europe were designed primarily to satisfy the increasing skill requirements in the process of
industrialization. It should be noted that although physical capital accumulation increased the demand for human capital,
investment in education had the opposite effect on the return to human capital. For instance, the decline in the reward for
education in the U.S. in the period 1910-1940 despite a rapid skill-biased technological change is due to the growth of
the relative supply of more educated labour that accelerated during the high school movement (Goldin ab@bRatz,
1999).

7. Inequality may widen once again due to skill or ability-biased technological change induced by human capital
accumulation. This line of research was explored theoreticallalpr and Tsiddorf1997),Caselli(1999),Galor and
Moav (2000),Gould, Moav and Weinber(2001), andAcemoglu(2002), among others. It is supported empirically by
Autor, Katz and Kruegef1998) andGoldin and KatZ1998), among others.

8. The existing empirical analysis of the relationship between inequality and growth is inconclusive and
controversial. Se@lesina and RodriK1994),Persson and Tabellii1994),Perotti(1996),Barro (2000),Forbeg2000),

Dollar and Kraay2002),Panizza2002),Quah(2002), andBanerjee and Dufl2003).
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are largely binding, the higher is the relative return to human capital the more adverse (or the
less beneficial)s the effect of inequality on economic growth. In contrast, the credit markets
imperfection approach suggests that the effect of inequality on economic growth depends on the
country’s level of income—inequality is beneficial for poor economies and harmful for rich ones.

2. THE BASIC STRUCTURE OF THE MODEL

Consider an overlapping-generations economy in a process of development. In every period the
economy produces a single homogeneous good that can be used for consumption and investment.
The good is produced using physical capital and human capital. Opéputapitagrows over

time due to the accumulation of these factors of production. The stock of physical capital in every
period is the output produced in the preceding period net of consumption and human capital
investment, whereas the level of human capital in every period is the outcome of individuals’
education decisions in the preceding period, subject to borrowing constraints.

2.1. Production of final output

Production occurs within a period according to a neoclassical, constant-returns-to-scale,
production technology. The output produced at ting, is

Yt = F(K¢, Hy) = Hi f (k) = AHKY; ki = K¢/Ht; ae(0,1), 1)

whereK; andH; are the quantities of physical capital and human capital (measured in efficiency
units) employed in production at tinheandA is the level of technology. The production function,

f (k), is therefore strictly monotonic increasing, strictly concave satisfying the neoclassical
boundary conditions that assure the existence of an interior solution to the producers’ profit-
maximization problem.

Producers operate in a perfectly competitive environment. Given the wage rate per efficiency
unit of labour,w;, and the rate of return to capitaf, producers in periotl choose the level of
employment of capitalK;, and the efficiency units of labout;, so as to maximize profits. That
is, {K¢, Hi} = argmaxH; f (ki) — wiH; — r{K¢]. The producers’ inverse demand for factors of
production is therefore

f'(ke) = a AL =1 (ko);
f(kt) - f/(kt)kt = (1 - (X)AKI = w(kt).

It

)

Wt

2.2. Individuals

In every period a generation which consists of a continuum of individuals of measure 1 is born.
Each individual has a single parent and a single child. Individuals, within as well as across
generations, are identical in their preferences and innate abilities. They may differ, however, in
their family wealth and thus, due to borrowing constraints, in their investment in human capital.
Individuals live for two periods. In the first period of their lives individuals devote their

entire time to the acquisition of human capital. The acquired level of human capital increases
if their time investment is supplemented with capital investment in educdtiorthe second
period oftheir lives (adulthood), individuals supply their efficiency units of labour and allocate

9. If alternatively, the time investment in education (foregone earnings) is the prime factor in the production of
human capitathe qualitative results would not be affected, as long as physical capital would be needed in order to finance
consumption over the education period. Both formulations assure that in the presence of capital markets imperfections
investment in human capital depends upon family wealth.

$T0Z ‘€ Afenige4 uo amnliisu| [eonsiels teipu| e /B10'seuinopioxo pnisal//:dny wody pepeojumod


http://restud.oxfordjournals.org/
http://restud.oxfordjournals.org/

1006 REVIEW OF ECONOMIC STUDIES

the resulting wage income, along with their inheritance, between consumption and transfers to
their children.The resources devoted to transfers are allocated between an immediate finance of
their offspring’s expenditure on education and saving for the future wealth of their offspring.

2.2.1. Wealth and preferences. In the second period life, an individuiaborn in periodt
(a memberi of generationt) supplies the acquired efficiency units of Iabohhl, at the

competitive market wagey; 1. In addition, the individual receives an inheritance@fl. The
individual’s second period wealth, 1, IS therefore

L1 = wirtht g + X0 ®)
The individual allocates this wealth between consumptti){)&, and transfers to the offspring,
b 4. Thatis,
Ci+1 + b{+1 = |ti+1- 4)

The transfer of a membeiof generatiort, b{H, is allocated between an immediate finance
of their offspring’s expenditure on educaticd[1+1, and savings;H, for the future wealth of their
offspring. That is, the saving of a membeof generatiort, s{H, ist0

Si1=bl1— e (5)

The inheritance of a membar of generationt, xti+1, is therefore the return on the parental
saving,s
X 1=8Rq1= (0B —e)R1 (6)

whereRi+1 = 1+ ri+1 — 8 = R(ki+1). For simplicity the rate of capital depreciatiénr= 1.

Preferences of a membeiof generatiort are defined over family consumption in period
t+1, C{H, and the value in periotd+ 1 of total transfer to the offsprintjp{+l (i.e.the sum of
the immediate finance of the offspring’s investment in human capj'g@il, and the saving for the
offspring’s future wealths{“). They are represented by a log-linear utility function that, as will

become apparent, captures the spirit of Kaldorian—Keynesian saving behaviotire(isaving
rate is an increasing function of wealth),

up = (1-p)logey,, + Blog@ + b} ), @)
whereg € (0,1) andd > 0.1

2.2.2. The formation of human capital. In the first period of their lives individuals
devote their entire time to the acquisition of human capital. The acquired level of human capital
increases if their time investment is supplemented with capital investment in education. However,
even in the absence of real expenditure individuals acquire one efficiency unit of labour—basic
skills. The number of efficiency units of labour of a membef generatiort in periodt + 1,

10. This formulation of the saving function is consistent with the view that bequest as a saving motive is perhaps
more importanthan life cycle considerations (eDeaton,1992).

11. Moav (2002) shows that long-run inequality could persisGalor and Zeira’s (1993) framework, if this type
of a“Keynesian saving function” replaces the assumption of non-convexities in the production of human€spitadn
and Simhor(2002) analyse the effect of income distribution on the division of labour and thereby on economic growth in
a settinghat integrates the classical and the credit market imperfections approaches. They argue that equality contributes
to specialization and long-run growth if capital markets are imperfect and individuals’ saving rates increase with income.
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hit+l, is a strictly increasing, strictly concave function of the individual's real expenditure on

educatiorin periodt, € .12
h|t+1 = h(elt)9 (8)

whereh(0) = 1, limg . h'(¢) = y < oo, and limy_, h(g) = 0. As is the case for
the production of physical capital (which converts one unit of output into one unit of capital),
the slope of the production function of human capital is finite at the origin. This assumption
along with the ability of individuals to supply some minimal level of labduiQ), regardless
of the physical investment in human capital (beyond time), assures that under some market
conditions (non-basic) investment in human capital is not optithdhe asymmetry between
the accumlation of physical and human capital that is postulated in the paper is manifested in
the larger degree of diminishing marginal productivity in the production of human capital (i.e.
the strict concavity oh(e}) in contrast to the linearity of the production function of physical
capital).

Given that the indirect utility function is a strictly increasing function of the individual’s
second period wealth, the unconstrained optimal real expenditure on education in every,period
e{, from the viewpoint of individual of generationt, maximizes the second period weallh#l.

e = argmax[wi1h(g}) + (b — &) Rey1l- )
Although, formally parents are indifferent about the internal allocation of the aggregate intended
transfers to the offspring, the allocation of funds to the offspring’s education is assumed to be
optimal from the offspring’s viewpoint.
Hence, as follows from the propertieshﬂe{), the optimalunconstrainedeal expenditure
on education in every peridd &, is unique and identical across members of generation
If Ri+1 > wi+1y theng = 0, otherwises, is given by

wr1h’ (&) = Riq1. (10)

Moreover, sincevi+1 = w(ki+1) andRi+1 = R(ki+1), it follows thatey = e(kir1).

Given the properties of (k;), there exists a unique capital—labour rakiobelow which
individuals do not invest in human capital (ido not acquire non-basic skills). That R(k) =
w(k)y, where limy_, o+ h'(€}) = . As follows from (2),k = a/(1 — @)y = k(y) > 0 where

K'(y) < 0. SinceR'(ke41) < 0, w'(ke41) > 0, andh”(e) < 0, it follows that the optimal
unconstrainedeal expenditure on education in every periad a function of the capital-labour
ratio in the subsequent period. In particular,

=0 ifkg1<k
= e(k; -
&= 0 itk - K,

(11)
wheree/(kttl) > Ofork.41 > k. Hence, if the capital-labour ratio in the next period is expected
to be belowk individuals do not acquire non-basic skills.

Suppose that individuals cannot borrow. It follows that the expenditure on education of a
membei of generatiort, € is limited by the aggregate transféf, that the individual receives.

12. A more realistic formulation would link the cost of education to (teacher’s) wages, which may vary in the
process oflevelopment. For instanclse't+1 = h(e} /wt) implies that the cost of education is a function of the number of
efficiency units of teachers that are used in the education of individued will become apparent from (10) and (11),
under bottformulations the optimal capital expenditure on educatsnis an increasing function of the capital-labour
ratio in the economy, and the qualitative results are therefore identical under both formulations.

13. The Inada conditions are typically designed to simplify the exposition by avoiding corner solution, but surely
they are not realistic assumptions.

$T0Z ‘€ Afenige4 uo amnliisu| [eonsiels teipu| e /B10'seuinopioxo pnisal//:dny wody pepeojumod


http://restud.oxfordjournals.org/
http://restud.oxfordjournals.org/

1008 REVIEW OF ECONOMIC STUDIES

As follows from (10) and the strict concavity i), € = b} if bl < &, whereasl = & if
b{ > &. Thatis, the expenditure on education of a menikergeneratiort, €, is

e = minfe(ki11), b1, (12)
wheree] is a non-decreasing function kf,; andbi.

2.2.3. Optimal consumption and transfers. A memberi of generationt chooses the
level of seconq period consumptioqwl, and a non-negative aggregate level of transfers to
the offspring,b; ., ;, so as to maximize the utility function subject to the second period budget
constraint (4).

Hence theoptimal transfer of a memberof generatiort is:

+1

, : Ul —6) ifll >0
b1 =b(y) = { tH ot (13)
* * 0 if 1], <0,
wheret = 6(1 — B)/p. As follows from (13), the transfer ratg_, /1!, is increasingn I/, ;.

Moreover, as follows from%) and (11) the saving of a membieof generatiort — 1,9, is
i ! if k k;
§ = b} _ | t+1§~, (14)
b —e if kit1 > k.
Hence, sincél, ,/1/ , isincreasing irl/_ ,, it follows from (0 and0) thats]_,/1{. , is increasing
in ItiJrl as well. The transfer function and the implied saving function capture the properties of
the Kaldorian—Keynesian saving hypothesis.

2.3. Aggregate physical and human capital

Suppose that in period 0 the economy consists of two groups of adult individuals—rich and poor.

They are identical in their preferences and differ only in their initial capital ownership. The rich,
denoted byR, are a fraction. of all adult individuals in society, who equally own the entire
initial physical capital stock. The poor, denotedyare a fraction 1 A of all adult individuals
in society, who have no ownership over tingial physical capital stock. Since individuals are
ex antehomogeneouwithin a group, the uniqueness of the solution to their optimization problem
assures that their offspring are homogeneous as well. Hence, in every period a fraatialh
adults are homogeneous descendents of the rich, denoted by members dRganda fraction
1 — A are homogeneous descendents of the poor, denoted by members oPgroup

The optimization of group® and R of generations — 1 andt in periodt, determines the
levels of physical capitaK,1, and human capitakl; 1, in periodt + 1,

Ker =287+ (1= 087 = 2bf —ef) + A -0 b - €, (15)
whereKg > 0.
Hi+1 = 2h(ef) + (1 - vh(e), (16)
where in period O there is no (non-basic) human cap'i'ﬁal,hiO = 1foralli = R, P and thus
Ho = 1.

Hence, (Cand0) implies that the levels of physical capit#l; 1, andhuman capitalH; 1,
in periodt + 1, are functions of intergenerational transfers in each of the grbﬁrmndbf, and
the capital-labour ratio in the subsequent perigg;,

Her1 = HOBR, b, k1)

(17)
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where (11), (0and0) and€ (ki+1) > O, imply that 9H¢;1/0ki11 > 0, 0K41/0kir1 < O,
H (R, bP,0) =1, andK (bR, b”, 0) > 0 for bR > 0.
The capital-labour ratio in peridd+ 1 is therefore,

K (bf, b, ki)

H (bR, b, k1)

where thenitial level of the capital-labour ratidg, is assumed to be
ko € (0,K). (A1)

This assumption assures that in the initial stages the rate of return to physical capital is
higher than the rate of return to human capital.

As follows from (11), this assumption is consistent with the assumption that the initial level
of humancapital isHg = 1.

Hence, it follows from (18) and the properties of the functions in (17) that there exists a
continuous singlealued functionc(btR, btP) such that the capital-labour ratio in periog 1 is
fully determined by the level of transfer of groupsand P in periodt.

ker1 = « (bR, bD), (19)

wherek (0,0) = 0 (since in the absence of transfers and hence savings the capital stock in the
subsequent period is zero).

t+1 = (18)

2.4. The evolution of transfers within dynasties

The evolution of transfers within each group= R, P, as follows from (13), is

k1 = max{Blwiah(e)) + (b —e)R1—01.0); i =R.P. (20)
Hence,it follows from (0 and0) that
: Blw(k+1)h(b}) — 0] if b} < e(kir1)
b, = max i . 0¢.
Blw (ke ph(eke+1))+ (b — e(ki+1)) Rk 1) — 011 by > e(kit1),

_ (21)
Namely, intergenerational transfers within graup periodt + 1, b{+1 are determined by the
intergenerational transfers within the group in the preceding period, as well as the rewards to
factors of production, as determined by the capital-labour ratio in the econemy,

i+1 = ¢>(b{, Ki+1)- (22)

Let k be the critical level of the capital-labour ratio below which individuals who do not
receive transfers from their parents (i.{a.:b 0 and thereforén(b{) = 1) do not transfer income
to their offspring. That isw (k) = 6. As follows from (2),k = [0/(1 — &) A]*® = k(9), where
if kipg < Rthenw(ktH) < 6, whereas iki;1 > IZthenw(ktH) > 6. Hence, intergenerational
transfers within group in periodt + 1, b{+1 are positive if and only if1 > Kk, i.e.

, =0 ifkuyq <k
1= 0. kit1) = (23)

>0 ifkg1 >k

In order to reduce the number of feasible scenarios for the evolution of the economy,
suppose that once wages increase sufficiently such that members ofRjteapsfer resources
to their offspring,.e. k1 > Kk, investment in human capital is profitabi®. k.1 > k. That s,

k <k (A2)
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Note that, sincé& = k(9) andk’(9) > 0, it follows that for any givery, there exist® sufficiently
large such thak(y) < k().

Let f + 1 be the first period in which the capital-labour ratio excdedise. k., > K).
That is, sincekg < k, it follows thatk. 1 < kforall0 <t < f. Letf + 1 be the first period
in which the capital-labour ratio exceekisThat iS,ki41 < kforall0 <t < f. It follows from
Assumption (A2) that < .

The evolution of transfers withireachof the two groups, as follows from the fact that
kiy1 = K(btR, btP), is fully determined by the evolution of transfers withidoth types of
dynasties. Namely,

bl =o® k) = ¢l kO b)) =y ®GRBP);,  i=RP, (24)
where the initial transfers of the rich and the poor are
b = max[fw (ko) + koR(ko)/A — 61, 01;
b§ = max[fw(ko) — 61, 01,

noting that the level of human capital of every aduh period 0 ishi0 = 1, and the entire stock
of capital in period 0 is distributed equally among the rich.

(25)

Lemma 1. The intergenerational transfers of members of group R (the rich) are higher
than thatof members of group P (the poor) in every time periasl,

bR >bS  forallt.

The proof follows from (22) noting thdif > bf.

3. THEPROCESS OF DEVELOPMENT

This section analyses the endogenous evolution of the economy from early to mature stages
of development. The dynamical system is uniquely determined by the joint-evolution of the
intergenerational transfers of members of groBpand R. As follows from (24), the evolution

of theeconomy is given by the sequer{d:é’, btR}g’SO that satisfies in every period

t+1 =y PR, b);

(26)
b1 = ¥R b)),

wherebf’ andbf} are given by (25).
As will become apparent, if additional plausible restrictions are imposed on the basic model,
the economy endogenously evolves through two fundamental regimes:

e Regime I: In this early stage of development the rate of return to human capital is lower
than therate of return to physical capital and the process of development is fuelled by
capital accumulation.

e Regime IlI: In these mature stages of development, the rate of return to human capital
increases sfitiently so as to induce human capital accumulation, and the process of
development is fuelled by human capital as well as physical capital accumulation.

In Regime |, physical capital is scarce and the rate of return to human capital is therefore
lower than the rate of return to physical capital. Since there is no incentive for investment in
human capital the process of development is fuelled by capital accumulation. The wage rate
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is lower than the critical level that would enable individuals who do not own any capital to
engagen intergenerational transfers (and thus savings). The poor, therefore, consume their entire
wages, they are not engaged in saving, capital accumulation, and intergenerational transfers.
Their descendants, therefore, are also unable to engage in savings and intergenerational transfers
and the poor are in a temporary steady-state equilibrium in which there is neither investment in
physical capital nor in human capital. In contrast, the income of the rich, who own the entire
stock of capital in the economy, is sufficiently high, permitting intergenerational transfers and
capital accumulation. Intergenerational transfers among the rich increase over time and the stock
of physical capital in the economy, therefore, increases as well. During this regime, physical
capital accumulation by the rich raises the wages and therefore the return to human capital
and decreases the return to physical capital. However, as long as the rate of return to human
capital remains lower than the rate of return to physical capital, the qualitative structure of
the economy remains unchanged. That is, the poor are in a poverty trap, the rich get richer
and the process of development is based solely on physical capital accumulation. Inequality in
Regime I, increases the wealth of individuals whose marginal propensity to save is higher and
consequently increases aggregate savings and capital accumulation and enhances the process of
development.

The accumulation of physical capital by the rich in Regime | raises gradually the rate of
return to human capital. Ultimately, the rate of return to human capital is sufficiently high so as to
induce human capital accumulation, and the economy enters into Regime Il where the process of
development is fuelled by human capital accumulation as well as physical capital accumulation.

Regime Il is subdivided into three stages. In Stage |, investment in human capital is selective
and it is feasible only for the rich. In Stage Il, investment in human capital is universal but it is
still sub-optimal due to binding credit constraints, and in Stage Ill, investment in human capital
is optimal since credit constraints are no longer binding.

Stage | (Selective Human Capital Accumulation). In this stage, the capital-labour ratio in
the economy is higher than that in Regime I, and although it generates wage rates that justify
investment in human capital, these wages are still lower than the critical level that would permit
intergenerational transfers for individuals who do not own any capital. Hence, although the
rate of return justifies investment in human capital, in the absence of parental support, credit
constraint deprives the poor from this investment. The poor consume their entire income and
they are not engaged in saving and capital accumulation. Their descendents are therefore unable
to engage in savings and intergenerational transfers and the poor remain in a temporary steady-
state equilibrium in which there is neither investment in physical capital nor in human capital.
In contrast, the income of the rich is sufficiently high, permitting intergenerational transfers and
physical capital accumulation as well as human capital accumulation. Intergenerational transfers
and the accumulation of physical capital by the rich gradually rise in Stage | of Regime II, and
ultimately the wage rate is sufficiently high so as to permit some investment in human capital by
the poor (i.ethe economy enters Stage Il of Regime II).

Stage Il (Universal Human Capital Accumulation). In this stage, the capital-labour ratio
in the economy generates wage rates that permit some investment in human capital by all
individuals. In contrast to the rich, the investment of the poor is constrained by parental wealth
and it is therefore sub-optimal. That is, the marginal return on investment in human capital
among the poor is higher than that among the rich. Equality alleviates the adverse effect of credit
constraints on the investment of the poor in human capital, and has therefore a positive effect on
the level of human capital and economic growth. The gradual increase in the wage income of
the descendents of the poor that takes place in Stage Il of Regime Il, due to a gradual increase
in their investment in human capital, makes the credit constraint less binding over time and the
aggregate effect of income distribution on the growth process subsides.
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Stage Il (Unconstrained Investment in Human Capital). In Stage lll, credit constraints are
non-binding dueo the increase in wage income in Stage I, the rate of return to human capital is
equalized across groups, and inequality therefore has no effect on economic growth.

3.1. Regimé: physical capital accumulation

In this early stage of development the rate of return to human capital is lower than the rate of
return to physical capital and the process of development is fuelled by capital accumulation.
Regime | is defined as the time interval® t < f. In this early stage of development
the capital-labour ratio in period+ 1, k11, which determines the return to investment in
human capital in periot, is lower thark. The rate of return to human capital is therefore lower
than the rate of return to physical capital, and the process of development is fuelled by capital
accumulation. As follows from (11) the level of real expenditure on education in Regime | is
therefore zerand members of both groups acquire only basic skills. That(ek;y1)) = 1.
Furthermore, as established in Appendixsince the income of members of gro®p(the poor)
is lower than the threshold that permits intergenerational transfer there are no intergenerational
transfers among dynasties of this groue,

bf =0 for0O<t <f. (27)

As follows from (15) to (19), and (27), sin@® = e = b = 0 in the time interval
0 <t < f (wheref < f as follows from (A2)), the capital-labour ratig, ; is determinedn
Regime | by the intergenerational transfers of members of gRygecording to their fraction in
the populatiort; ki1 = « (bR, 0) = AbR for 0 < t < f (i.e.for k11 € (0,k)). SincebR € [0, 0]
forO<t <f,

kis1 =« (bR, 0)=2abR  forbl € [0, 0], (28)
whereb = k/A = a/[(1 — a)yAr].14

The dynamics of transfers
A. Unconditional dynamics

The evolution of the economy in Regime I, as follows from (26) and (27), is given by
bR 1 = ¥R, 0) = max|Aw(bl) + bRRAbR) — 61, 0];
bf,1 = ¥° (b}, 0) = max(Aw(bf) — 61,01 =0,

for bR € [0, b], wherebf = 0 andbf is given by (25).
In orderto assure that the economy would ultimately take off from Regime | to Il, it is
assumed that the technology is sufficiently productive. That is,

A> A=A, y, A, B,0). (A3)

(29)

As depicted inFigure 1and established in Appendi, the functiony R(bR, 0) is equalto
zero forbR < b, itis increasing and concave fbr< bR < b and itcrosses the 45ine once in
the intervalb < bR < b.

14. ~Note that one can assure that the economy remains in Regime | for at least one period. For instance, since
ko € (0,k(y)) thereexist a sufficiently larg# and a sufficiently smal}y such that the economy is in Regime | in
period 0. In particular, as follows from Lemn& bOR is decreasing im and is independent of. Furthermorek is
decreasing iy andk is increasing ir. Hence, sincé; = kbg if )»b(')? < k there exist a sufficiently small level gfand
a sufficiently large leve# such thak; < k and the economy is in Regime | in period O.
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FIGURE 1
Thedynamical system in Regime | and Stage | of Regime Il

Hence, the dynamical systemiR(bR, 0), depicted in Figure 1, has two steady-state
equilibria inthe intervaloR < [0, b; a locally stable steady stafe= 0, and an unstable steady
stateb” € (b, b). If bR < b" then the transfers within each dynasty of typeontractover time
and the system converges to the steady-state equiliium0. If btR > b then the transfers
within each dynasty of typ® expand over the entire interv(at_bu, bl, crossing into Regime |I.
To assure that the process of development starts in Regime | and ultimately reaches Regime I, it
is assumed that

by € (b, b). (A4)
B. Conditional dynamics
In order to visualize the evolution of the threshold for the departure of members of Brivom
the zero transfer state, the dynamics of transfers within dynasties is depi€tgaire 2(a), for a
givenk. This conditional dynamical system is given by (20). For a gken(0, k], thedynamic
of transfers within dynasty, is

b1 = ¢ (bi: k) = max{fw(k) + b} R(k) — 6], 0}. (30)

Hence, there exist a critical levblk) below whiche (bl; k) = 0 and above whickp (bi; k) is
linear inb}, with a slopeBR(k) > 1,i.e.

¢(b:k) =0 for 0 < b} < b(k);

¢ (bi: k)/obl = BR(K) > 1 forbi > b(k). (31)

Note that under Assumption (A®R(k) > 1. Otherwisey R(bR, 0) < bR for bR € (0, b, in
contradiction to Lemmd4.

As depictedn Figure 2(a), in Regime |, members of groBpare trappedh a zero transfer
temporary steady-state equilibrium, whereas the level of transfers of members of Broup

15. As follows from (25), there exists a feasible set of parametdrs, B, kg, 6, and A that satisfy
Assumptions (A1) and (A3) such thb§ € (Bu, b). In particular, given the initial level of capital, if the number of
therich in the initial period is sufficiently smalig >b".
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FIGURE 2

(a) The conditional dynamical system in Regime I. (b) The conditional dynamical system in Stage | of Regime Il. (¢) The
conditional dynamical system in Stages Il and Il of Regime Il
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increases from generation to generation. As the transfers of members of Qriogpease the
capital-labouratio increases and the threshold level of trandfék), that enables dynasties of
type P to escape the attraction of the no-transfer temporary steady-state equilibrium, eventually
declines.

Inequality and the dynamics of output per worker. The evolution of output per worker,
Y:, in Regime |, follows from (1), (2), (28) and (29). Provided that Assumption (A4) is satisfied,
output peworker, Yi 1, is

Yirr = ABA(L — )Yy — O] + oY }1* = Y (), (32)

whereY’(Y;) > 0.

In order to examine the effect of inequality on economic growth, consider two economies
(or two alternative initial states of the same economy): a relatively egalitarian ecoigragd
a relatively unegalitarian on&). Suppose that the economies are identical in all respects except
for their degree of inequality. Suppose that income in perigddistributed differently between
group R and groupP in the two economies. That is, the income of members of g'ro(ltj)E,
in the egalitarian econom, is

RE =Y =& = 1RAR &)
UIPYE =(P)Y +re/@—2) =1P0P &),

wheregy > 0, is sufficiently small such that: (i) the economy does not depart from its current
stage of development, and (ii) the net income of members of gRupmains below that of
members of groufr.

The transfer of membeérof generation to the offspring in economyg, is therefore

(bHE =max{g1' (1}, e) —61.0y=b' (I}, &) i=P,R (34)

(33)

Proposition 1. (The effect of inequality on economic growth in Regi€onsidertwo
economies (or two alternative initial states of the same economy). Suppose that the economies
are identical in all respects except for their degree of inequality. Under Assumga@)s(A4),
the lessegalitarian economy would be characterized by a superior path of output per worker.

Proof. See AppendiA.

Inequality enhancethe process development in Regime | since a higher concentration of
wealth among members of grolp(the poor), would increase aggregate consumption, decrease
aggregate intergenerational transfers, and thus would slow capital accumulation and the process
of development.

Remarkl. If income is distributed less equally within groups (ifeadditional income
groups are created), then it would not affect output per worker as long as the marginal propensity
to save remains equal among all sub-groups of each of the original grougsféregroupR and
0 for groupP). Otherwise, since saving is a convex function of wealth, more inequality would
promote economic growth.

3.2. Regimél: human capital accumulation

In these mature stages of development, the rate of return to human capital increases sufficiently
so as to induce human capital accumulation, and the process of development is fuelled by human
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capital as well as physical capital accumulation. In Stages | and Il members of Brangeedit
constrained and their marginal rate of return to investment in human capital is higher than that on
physical capital, whereas those marginal rates of returns are equal for members oRgvbop

are not credit constrained. In Stage Il all individuals are not credit constrained and the marginal
rate of return to investment in human capital is equal to the marginal rate of return on investment
in physical capital.

3.2.1. Stage I: selective human capital accumulation. Stage | of Regime Il is defined
as the time interval < t < f. In this time intervak;;1 € (k, k) and the marginal rate of return
on investment in human capital is higher than the rate of return on investment in physical capital
for individuals who are credit constrained (members of grBjpwhereas those rates of returns
are equal for members of group1®

As follows from (11) and Lemma&, e} > 0 ande” = 0. Hence, given (18), it follows
that thecapital-labour ratiok 1 in the intervalki+1 € (k, k) is determined by the savings of
members of grouf, as well as their investment in human capital. Namely,

A(bR — e(ki41))
1— A+ rh(ekey1))

Since€ (ki+1) > 0, it follows thatk11 = « (bR, 0) whered« (bR, 0)/3bR > 0. Hence, there
exists a unique value of the level ofbR such thak,1 = k. That is,« (b, 0) = k.

(35)

kiy1 =

The dynamics of transfers
A. Unconditional dynamics

The evolution of the economy in Stage | of Regime I, as follows from (24) and (26) is given

byl7

bl 1 = yR(bf; 0) = Blw(kiyDh(ekir1)) + (b — e(kir1)) Rkir1) — 01;
bf.y =¥ P b0 =0,

for bR < [b, b].

In order to assure that the process of development does not come to a halt in this pre-mature
stage of development (i.en order to assure that there is no steady-state equilibrium in Stage | of
Regime I1) it is sufficient thag[w(1b) + bR(Ab) — 8] > b—a condition that is satisfied under
Assumption (A3):8 This condition assures that if the equation of motion in Regime | would
remain inplace in Stage | of Regime I, then there is no steady state in Stage I. As established
in AppendixB this condition is sufficient to assure that given the actual equation of motion in
Stage lof Regime I, the system has no steady state in this stage.

Figure 1depicts the properties ofs R(bR, 0) over the intervabR € [b, b]. The transfers
within each dynasty of typ& expand over the entire interval crossing into Stage Il.

(36)

16. In all stages of development members of gréugre notcredit constrained. That is; < btR, and the level
of investment in human capitad;, permits therefore a strictly positive investment in physical carti‘%l,— &, by the
members of grouf. If e > b[R and hence, as follows from Lemnae; > btp there would be no investment in physical
capital, the return to investment in human capital would be zereard0 < btR in contradiction tog; > btR.

17. b&l > 0 in this interval since as established in LemmsbtR > 0, and as follows from Lemm&
3y R(bR, 0)/8bR > 0.

18. For any givenb > b (whereb is independent of\), since[w(ib) + bR(1b) — 0] is strictly increasing in
A, there exists a sufficiently larg& such that8[w(ib) + bR(Ab) — 6] > b. Note thatb decreases witi, however a
sufficiently larged assures thdt > k.
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B. Conditional dynamics

In orderto visualize the evolution of the threshold for the departure of dynasties ofRyfp@m
the zero transfer state, the dynamics of transfers within dynasties is depiétiegire 2(b) for a
givenk. This conditional dynamical system is given by (22). For a gken(k, K]

| max ] Alwon®) — 6] if b <e(k)
1™ Blwkh(ek)) + (b} — e(k)RK) — 0] if b} > e(k),
=0, k). (37)

Hence, for a giverk € (k, l?) there aists a critical leveb(k) below whichq&(b{; k) = 0 and
above whichp (bi; k) is increasing and concave . In particulart®

3¢ (b}: k)/ab} > BR(K) > 1 forb(k) < b} < e(k);
9%¢(b}; k)/ob? < 0 for b(k) < b} < e(k); (38)
g (bi; ky/ob = BR(k) > 1 forb; > e(k).

Note that¢ (b}, k) > bl forallb' > b.

As depicted irFigure 2(b), in Stage | of Regime Il, members of grd@jare stilltrapped in
a zero transfer temporary steady-state equilibrium, whereas the level of transfers of members
of group R increases from generation to generation. As the transfer of members of group
R increases the capital-labour ratio increases and the threshold level of trdmikjerthat
enables members of group to escape the attraction of the no-transfer temporary steady-state
equilibrium, eventually declines and ultimately vanishes as the economy enters Stage |II.

Stage | of Regime Il is an intermediate stage in which inequality has an ambiguous effect
on the rate of economic growth. A lower level of wealth among members of gRyuglong
with a higher level of wealth, but below the threshéldamong some members of grolh
would increase aggregate consumption, decrease aggregate intergenerational transfers, and thus
would slow physical and human capital accumulation and the process of development. However
a lower level of wealth among members of gro@palong with a higher level of wealth, above
the threshold, among some members of groip would generate investment in human capital
among these individuals, bringing about an increase in the aggregate stock of human capital that
can offset the negative effect of equality on the accumulation of physical capital.

3.2.2. Stage II: universal human capital investment. Stage Il of Regime Il is defined
as the time interval < t < t*, wheret* is the time period in which the credit constraints are no
longer binding for members of group, i.e. l:f; > &-=. In this time interval, the marginal rate of
return on investment in human capital is higher than the marginal rate of return on investment in
physical capital for members of grolfy whereas these rates of return are equal for members of
groupR. As established previously onte- f the economy exits Stage | of Regime Il and enters
Stage Il of Regime II. In the initial periokk, ; > k and therefordaf;l > 0 and consequently as
established in Appendig, the sequencdR, b”} increases monotonicaltyver the time interval
t<t <t

As follows from (11), (0Oand0), and (8), in Stage lle” = bP < & andeR = & and
therefore the capital-labour ratio is determined by intergenerational transfers and investment in
human capital of both types of individuals,

A(bR — e(ki+1))
(1—h®P) + rhek1))’

kt+l = (39)

19. Note that the conditiog[w(Ab) + bR(Ab) — 6] > b that follows from Assumption (A3) and assures that there
is nosteady state in Stage | of Regime 1, implies th&(k) > 1.
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Since €(ki11) > O, it follows that ki1 = « (bR, bP) where dx (bR, bf)/abR > 0 and
dk (bR, bP)/abf < 0.

The dynamics of transfers
A. Unconditional dynamics

The evolution of the economy, in Stage Il of Regime Il (as.long as credit constraints are
still binding—qp < &), as follows from (20) and (26), is given by

b1 = ¥R, bY) = Blw(kiDh(eki1) + (OF — e(ki11) Rkey1) — 01;
b" 1 = wP bR, b)) = max{fw(k)hbS) — 61,0},

wherek; 1 = « (bR, bf).

The unconditional dynamical system in Stage Il of Regime Il is rather complex and the
sequence of technical results that is presented in Appéhdixaracterizes the properties of the
system. Irparticular, it is shown that intergenerational transfers within the two grc(stbtP),
increase monotonically over time in Stage Il of Regime Il and the economy necessarily enters
into Stage Il of Regime II.

(40)

B. Conditional dynamics

The evolution of transfers within dynasties is depictedrigure 2(c) for a giverk > k.20
This conditional dynamical system is given by (22). For a gikenk,

b [wloh®) —61 if b} < e(k)
17 Blw(K)h(ek)) + (b} — e(k))R(k) — 0] if b} > e(k)
= ¢ (b, k). (41)

Hence, for a giverk > k, over the interval O< b} < e(k), ¢ (bi; k) is a positive, increasing, and
concave function oy, where

9 (b}; k)/abj > BR(K) > 0 for 0 < b < e(k);
¢ (by; k)/oby = BR(K) for b > e(k).

Note that fork > k it follows that¢ (b}, k) > b} for at least a strictly positive rand# < [0, b],
whereb > b.

As depicted inFigure 2(c), in Stage Il of Regime Il, members of groemlepart fromthe
zero transfer temporary equilibrium. The level of transfers of members of groinereases
from generation to generation. Eventually members of grBugre not credit constrainede.
b” > & and the economy endogenously enters into Stage 11l of Regime I.

(42)

Inequality and the dynamics of output per worker. Since in Stage Il and Il of
Regime Il the income of each individual is greater tiait follows from (13) that the marginal
propensity taransfer is equal t¢ among all individuals. The aggregate transfers of members of
generatiort, kbtR +@1- A)btp, are therefore simply a fractighof Y; — 6 > 0. That is,

R P
AbT + (L= )b = B(Yr —0). (43)
20. Note thaik; in Stagell of Regime Il may decline below. In this case, conditional dynamics are described

by (38). HoweverbtP is non-decreasin Stage Il of Regime II, that isbtP is above the threshold levbl = ¢ (b, k)
of (38).
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The evolution of output per workeY;, in Stage Il of Regime Il, as follows from (1), (15), (16),
noting thate® = & andef” = b, is therefore

Yei1 = AKE  HYE T = AIB(Yt — 0) — ke — (1— Wb 1*[Ah(@) + (1 — Hhb)IF . (44)

Sinceg = arg max[ws1h(e) — Rir16] = argmaxy;41 (and since thereforéY;1/0e = 0),
it follows that

Yei1 = Y(Yi, bP), (45)
wheredY (Y, bf)/8Y; > 0 andaY (Y, bP)/8bf > 0, noting that as follows from (2) and (10
h'(bf) > h'(&) = a/[(1 — a)kesal.

Lemma 2. Under(A2)—(A4), Y; increases monotonically over Stakje
The lemma follows from43) and Corollary3 (in AppendixC).

Proposition 2. (The effect of inequality on economic growth in Stégef Reyimell.)
Consider two economies (or two alternative initial states of the same economy). Suppose
that the economies are identical in all respects except for their degree of inequality. Under
AssumptiongA2)—(A4), the more egalitarian economy would be characterized by a superior
pathof output per worker.

Proof. See AppendixX.

Inequality ngatively affects the process development in Stage Il of Regime II. A lower
concentration of wealth among members of gréugnd a higher concentration of wealth among
members of groug® would not affect aggregate consumption, and aggregate intergenerational
transfers, but due to liquidity constraints of members of grBugould allow for a more efficient
allocation of aggregate investment between physical and human capital.

Remark2. If income is distributed less equally within groups, then it would not affect
the aggrgate level of intergenerational transfers as long as the marginal propensity to transfer,
B, is equal among all members of the economy. However, an unequal distribution of income
among members of group would generate a less efficient allocation of human capital, due to
the liquidity constraints and the concavitytefel), and thus would lower the path of output per
worker. An unequal distribution among members of gréy@s long as all the members of sub-
groups ofR remain unaffected by credit constraint, will not affect output. If however an unequal
distribution is associated with some members of sub-grouR béing credit constrained, it
would be associated with a lower path of output per worker.

3.2.3. Stage lll—unconstrained investment in human capital. Stage Il of Regime Il
is defined ag > t* where credit constraints are no longer binding (i@2.30 bf > &). In this
time interval the marginal rate of return on investment in human capital is equal to the marginal
rate of return on investment in physical capital for all individuals.
As follows from © andO0), in Stage Il of Regime Ibtp = eﬁ = &. Hence,given (18)
and @3) it follows thatk; 1 is given by
BlYr — 0] — e(ki+1)

Keiq = . 46
tHt h(e(ki+1)) (46)

Since€ (ki+1) > 0, it follows thatk: 1 = K(Y;) wherek/(Yy) > 0 and limy,_, o0 ki+1 = o00.
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The dynamics of transfers and output per worker. The e/olution of the economy in
Stage Ill of Regime I, as follows from (24) and (26), is given by

bl 1 = vROF, bP) = Blwk+vh(eki+1) + (B — e(ki+1) R(ki11) — 61;
bPy = vP O bY) = BlwkrDh(ekir1) + (B — e(ki+1)) Rk1) — 6]

The evolution of output per workel;, in Stage Ill of Regime Il, is independent of the
distribution of intergenerational transfers. As follows froh) &nd (43)

(47)

Yei1 = AB(Y: — 0) — &]®[h(e)]* ™. (48)

Sinceeg = arg maxY;1, it follows thataY;1/0e = 0 and therefore
Yerr =Y (v, (49)
whereY'"/(Yy) = Ba AL > 0, Y (V) < 0 and limy, oo Y /(Yy) = 0 since limy, oo

ki1 = oo.
As established in Appendi, in Stage Il of Regime I1Y; increases monotacally and
converges to a uniquégcally stable, steady-state equilibriuvh > 0, where intergenerational

transfersare positive and equal across all individueia.ls,EP —b">o0.

Redistribution and the dynamics of output per worker

Proposition 3. (The effect of inequality on economic growth when credit constraints
are no longer binding.) Consider two economies (or two alternative initial states of the same
economy). Suppose that the economies are identical in all respects except for their degree of
inequality. The two economies would be characterized by an identical path of output per worker.

The proposition follows from the fact th#t 1 in (49) is independent of the distribution of output
per worker in periodt between the two groups.

Inequality has no effect on the growth process in Stage Il of Regime Il, since in the absence
of credit constraints investment in human capital is optimal and since the marginal propensity to
save is equal across individuals.

4. INEQUALITY AND DEVELOPMENT
Theorem 1. Under AssumptionfAl)—(A4)

(a) In the early stage of development when the process of development is driven by capital
accumulation, inequalityaises the rate of growth of output per worker over the entire
stage.

(b) Inthe mature stage of development when the process of development is driven by universal
human capitahccumulation and credit constraints are binding, equality raises the growth
rate of output per worker over the entire stage.

The theorem is a corollary of Propositiohand2 and Remark4 and2.

In the early stage of development inequality is conducive for economic development. In
this stage the rate of return to human capital is lower than the rate of return to physical capital
and the process of development is fuelled by capital accumulation. Since capital accumulation is
the prime engine of growth and since the marginal propensity to save is an increasing function
of the individual's wealth, inequality increases aggregate savings and capital accumulation and
enhances the process of development. Inequality enhances the process development in Regime |
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since a transfer of wealth from members of grd®ipp member®f group P (who do not save in
this stage) would increase aggregate consumption, decrease aggregate intergenerational transfers,
and thus would slow capital accumulation and the process of development.

In mature stages of development, the rate of return to human capital increases sufficiently
S0 as to induce human capital accumulation, and the process of development is fuelled by human
capital as well as physical capital accumulation. Since human capital is embodied in individuals
and each individual's investment is subjected to diminishing marginal returns, the aggregate
return to investment in human capital is maximized if the marginal returns are equalized across
individuals. Equality therefore alleviates the adverse effect of credit constraints on investment in
human capital and promotes economic growth.

5. CONCLUDING REMARKS

This paper presents a unified approach for the dynamic implications of income inequality on
the process of developmeftThe proposed theory provides an intertemporal reconciliation for
conflicting vievpoints about the effect of inequality on economic growth. The paper argues
that the replacement of physical capital accumulation by human capital accumulation as a
prime engine of economic growth altered the qualitative impact of inequality on the process of
development. In early stages of industrialization, as physical capital accumulation is a prime
source of economic growth, inequality enhances the process of development by channelling
resources towards the owners of capital whose marginal propensity to save is higher. In later
stages of development, however, as the return to human capital increases due to capital—skill
complementarity, human capital becomes the prime engine of economic growth. Since human
capital is inherently embodied in humans and its accumulation is larger if it is shared by a larger
segment of society, equality, in the presence of credit constraints, stimulates investment in human
capital and promotes economic growth. As income further increases, credit constraints gradually
diminish, differences in saving rates decline, and the effect of inequality on economic growth
becomes insignificarfé

The theory generates a testable implication about the effect of inequality on economic
growth. In contrast to the credit markets imperfection approach that suggests that the effect
of inequality on economic growth depends on the country’s level of incomeir{equality is
beneficial for poor economies and harmful for rich ones), the current research suggests that the
effect of inequality on growth depends on the relative return to physical and human capital. As
long as credit constraints are largely binding, the higher is the relative return to human capital
the more adverse (or the less beneficial) is the effect of inequality on economic growth. Hence,
although the replacement of physical capital accumulation by human capital accumulation as a
prime engine of economic growth in the currently developed economies is instrumental for the
understanding of the role of inequality in their process of development, the main insight of the
paper is relevant for the currently less developed economies that may have evolved differently.
In some of the current LDCs, the presence of international capital inflow diminishes the role of
inequality in stimulating physical capital accumulation. Moreover, the adoption of skill-biased
technologies, increases the return to human capital and thus, given credit constraints, strengthens
the positive effect of equality on human capital accumulation and economic growth.

21. This unified approach complements the recent unified theories of economic grow@s(ergand Wei(1996,
1999 2000, Galor and Moay2002)).

22. If heterogeneity in ability would be incorporated into the analysis, inequality at these mature stages of
development may raise the incentives for investment and hence stimulate economic growth (Galor and(T8&on
Maoz and Moay1999),Hassler and Rodriguez Mof2000)).
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The inclusion of non-convexities in the production of human capital and physical capital
would not alter qualitatively the proposed theory and its testable implications. In early stages
of development inequality would remain beneficial for economic growth. The importance of
inequality for physical capital accumulation, due to the higher propensity to save among the
rich, would be further enhanced since the concentration of resources in poor economies permits
at least some individuals to undertake investments. The existence of non-convexities, however,
may increase the likelihood for poverty traps and persistent inequality. In advanced stages
of development, in the presence of non-convexities in investments, equality will improve the
efficiency of resource allocation, as in the existing structure, by equalizing the marginal returns
to human capital and physical projects.

The incorporation of endogenous fertility decisions into the basic model would enrich the
understanding of the reasons for the changing role of inequality in the process of development.
If, for instance, individuals gain utility from the quantity and the wealth of their children, then
as long as the income of poor families is insufficient to provide bequests for their children, poor
individuals would choose high fertility rates that would negatively affect the capital-labour ratio
and hence offspring’s income, delaying the timing of universal investment in human capital.
However, once wages would increase sufficiently due to capital accumulation and the poor can
afford bequeathing, there is an incentive to reduce the number of children, increasing the share
of bequest to each child. The second phase of the transition to modern growth would be therefore
accelerated.

The introduction of endogenous technological progress that is fuelled by human capital
accumulation would not affect the qualitative results. If human capital accumulation is conducive
for economic growth, the optimal evolution of the economy would require the fastest capital
accumulation in early stages of development so as to raise the incentive to invest in human
capital. Inequality in early stages of development would therefore stimulate the process of
development?

APPENDIX A

This appendipresents some technical results that are needed in order to characterize the dynamical system in Regime I,
as well as the proof of Propositidn

Lemma3. Under Assumption§Al) and (A2), in Regimel and Stagel of Regimél (i.e. for the time interval
0 <t < f), there are no intergenerational transfers among dynasties of group P (the peor),

bP =0 foro<t<f.

Proof. As follows from the definition ok, if ki < k thenw(k¢) < 6. Hence, sincéq < K it follows from (25)
thatbg = max[Bw(kg) — 8], 0] = 0. Furthermore, for &k t < f, as long ast)tFll = 0 the descendents of members of

group P do not invest in human capital in period- 1, htP =1,and thereforetP = max[fwk) —0],0]=0. |

Lemma 4. (The properties oibR(btR, 0).) Asdepicted inFigure 1, under Assumptior{#2) and (A3), there
exists be (0, b) such thatyR(bf, 0) = 0for bR < b. Furthermore, the functions R(bR, 0) is increasing and strictly
concave in the interval{® e (b, b], andy R(b, 0) > b.

23. Finally, it is interesting to note that the effect of inequality on economic growth is qualitatively similar to the
effect of assortative marriages on economic growth. In early stages of development since inequality is beneficial for
growth, assortative marriages (isarting of couples by income) raise inequality and promote growth. However, in later
stages of development in which equality contributes to economic growth, mixed marriages promote lgeomahdez,

Guner andKnowles (2001) find a significant positive relationship between the skill premium (inequality) and of the
degreeof correlation of spouses’ education (marital sorting).
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Proof. Follows from (2) and (29), noting that= [0/ ALY (1—a+a/A)]Y/* decreases il andb = o /[(1—a)Ay ]
isindependent oA. ||

Corollary 1. As depicted irFigure 1, under AssumptiongA2) and (A3), the dynamical system R(bf, 0) has
two steady-state equilibria in the intervafbe [0, b]; a locally stable steady statb,= 0, and an unstable steady state,
B" e (b, b).

Proof of Propositionl. ~ As long as the economy is in Regime F (I, &t) < 6, andg[I R(IR, &) —0] € ®", B).
Hence, itfollows from (34) thatbf /der = 0 andablR/dsr < 0. HenceYy1 = AR = ARBIIRAR, &) — 61
declines inst, and the growth rate oft decreases if income inequality is lower. Moreover, as follows from (82);
increases irY;1 and output increases in all the subsequent periods of RegimejI.

APPENDIX B
This appendix presents some technical results that are needed in order to characterize the dynamical system in Stage | of

Regime II.

Lemma5. Under AssumptiongA2) and (A3), the properties ofs R(bR, 0) in the interval i} < [b, b] are

0y Rbf, 0)/bf > 0
¥ROR,0) > bR,

Proof. 3w R(bR,0)/8bR > 0 asfollows from the properties of (2). Moreover, Lemmdaand the condition
Blw(Ab)+bR(3.b)—6] > b, imply that in the absence of investment in human cagital(:bR) + bR R(AbR) —6] > bR
for bR < [b, b]. Sinceay R(bR, 0)/8eR > 0 for bR e (b, b], andeR € [0, &1, it follows therefore thaty R(bR, 0) >
Blw(bR) + BRR(bR) — 6] > bR forbR e [b,b]. |

Corollary 2. The dynamical systefaR (bR, 0) has nosteady-state equilibria in the intervafbe [b, b].

APPENDIX C

This appendix presents some technical results that are needed in order to characterize the dynamical system in Stage Il
of Regime Il, as well as the proof of Propositiagn

Lemma 6. Under Assumption§A2)—(A4), al/fi (btR, bIP)/abtj > Oforalli,j = P,R in the time interval
f<t<t*

Proof. Follows from (1), (10), (39) and (40), noting that (i)(btp) > a/(1— a)kiy1, and (i) an increase ibtP
increases output per worker, and hence aggregate wage income, and degreages

Lemma 7. Under AssumptionfA2)—(A4), qF’ > 0in the time intervaf <t < t*.

Proof. Given Lemmab and the definition of, be:rl > bF >0 andbf+1 > bf = 0. Hence it follows from (40)

andthe positivity ofay! (bR, bP)/ab) for alli, j = P, R, thatbP > 0 in the time intervaf <t <t*. |
Lemma 8. Under(A2)—(A4), there exists no steady-state equilibrium in Sthgd Regimédl.

Proof. A steady-state equilibrium is a triplek, bP, bR) such thatbR = ¢ bR, k), bP = ¢®P, k), and
k = « (bR, bP). If there exists a non-trivial steady state in Stage Il of Regime Il then Lendnasd 7 imply that
(k, bP, bR > 0. Asfollows from (31), (38) and (42), for arlythere aists at most oné' = ¢(b', k) > 0. Hence, since
¢ is independent af = P, R, if there exists a non-trivial steady state thEh= bR > 0 and therefordatP > e, and the
steady state is not in Stage Il of Regime I1/|

Corollary 3. Under(A2)—(A4), (bR, bP’) increasesnonotonically in Stag# of Regimdl.
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Proof. Given Lemma5 and the definition of, btfil > be >0 andbfP+l > btf’ = 0. Hence since as follows

from Lemmas5-8 awi (btR, btp)/ab‘j > Oforalli, j = P, R, and there exists no steady-state equilibrium in Stage II,
(bR, bP’) increase monotonically in Stage Il of Regime I

Proof of Propositior2. As long as economyE is in Stage Il of Regime Il (i.e. PaP.e) > 6 and
BIIPUP, &) — 0] < &) it follows from (34) thatobf /aet > 0 andablR/der < 0. Hence, as follows from the
properties of the function in (45)

aY, aY (Y, bP) abP
41 9Y(Yt, by') obr” >0, (50)
det Bbtp det
and therefore
P
irp _ 0¥42 9Briy abf | 9Yiip 8Yi1 -0
det abtil 3btp et 0Yry1 Oet
HencedYi, j/det > 0forj =1,2,3,4,..., and the proposition follows. ||

(51)

APPENDIX D

This appendix presents some technical results that are needed in order to characterize the dynamical system in Stage IlI

of Regime 1.

Lemma 9. Under(A2)-(A4), Y; increases monotonically in Stagk of Regimdl and converges to a unique,
locally stable, steady-state equilibriush> 0.

Proof.  As follows from the properties of the functions in (45), (48) and (39),; = Y'!' ' (V1) = maxY (Y, bP).
Hence, it follows from Lemma that once the system enters Stagevill; > Y;. Moreover, sinceY!! (vp) is strictly
concave and since lig_, o Y /(Y;) = 0, output increases monotonically converging to a unidoeally stable,
steady-state equilibriuny, > 0. ||

Lemma 10. Under (A2)-(A4), the economy converges to a steady-state equilibrium where intergenerational
transfers are positive and equal across all individuaks,

Proof.  As follows from the properties of (46) and LemrSathe economy converges to a unique steady-state
level of the capital-labour ratidk = k(Y). As follows from (31), (38) and (42), givek it follows that b = b
whereb' = (', k), otherwise (sinced¢ (b, k)/abl > 0) either (bl decreases (increases) for alland thusk

decreases (increases)) orR(lincreases indefinitely anoP decreases to zero, and thikisncreases) in contradiction
to the stationarity ok. Hencep" = ¢>(BR, k), b = ¢(BP, k), andk = K(BR, BP). As follows from Lemmag and5
thereis no non-trivial steady-state equilibrium under whith = 0. Hencethe steady-state equilibrium iE?, BP) >0,
whereb” = b~ sinceg is independendfi = P, R. ||
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