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1. INTRODUCTION

In the last few decades, the processes of economic growth in various countries have been
intensively studied by many economists, who are fascinated by their growth experience.
Of specific interests are the elements that drive the growth process in these countries and
that can explain why some economies grow while others stagnate. Although several
theories have been formulated over time to identify the sources of growth, none of these
theories has provided a completely satisfactory answer to these questions. Despite the
efforts by researchers in this area to determine the theoretical and empirical basis behind
the observed worldwide output movement, a satisfactory explanation of the elements

behind these growth processes remains a challenge.

Modern growth theories are rich with analyses of the many plausible determinants of the
growth process. They have also renewed interest in the relationship between economic
growth and the distribution of income. The relationship between income inequality and
growth is profound, intriguing, and, at the same time, controversial. In trying to
understand why two countries with similar characteristics, except for their income
distribution, have evolved along different paths in their development, some researchers
have tried to link e conomic growth to the distribution o fincome, like, for example, a
comparative study of the economic growth between South Korea and the Philippines,
carried out by Lucas (1993) and Benabou (1996). These two countries began economic
development under similar initial conditions, but with different wealth distributions, and
experienced phenomenally different growth rates. South Korea started with a more equal

initial distribution of wealth than the Philippines and had noticeably higher growth.

The views of Lucas, op. cit.,, and Benabou, op. cit., about the links between income
inequality and economic growth as well as the exact nature of these interactions are not
without controversy. The views expressed by these two researchers have generated
debates on the existence of the causality and the direction of the causality between
income inequality and growth. Lack of a strong and unambiguous empirical support for

any of the opposing views adds to the controversy.
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In the past, it was presumed that a trade-off between income inequality and efficiency
existed. Income and wealth inequality, it was argued, is more conducive to economic
growth on the basis that productive activities are more efficient without resource
redistribution. However, the recent literature points toward the possibility that historical
income inequality may have negative long-run effects on a country’s economic
performance. A number of studies relating income inequality and growth suggest that a
high level of inequality may hurt overall economic growth and that initial historical
inequalities may persist and even increase during the course of development. See, for
example, Galor and Zeira (1993), Benabou (1996), and Piketty (1997). Although these
studies consider different channels of interactions through which growth could be
affected by inequality, most of them, in one way or another, also consider the
accumulation of physical and human capital and emphasize the interactions between
these factors and income inequality. The fundamental basis of this strand of research in
economic growth is the premise that in the presence of imperfections in the capital
market, income inequality may adversely affect individual savings, investments, and
occupational decisions. The end results are underinvestment in education, which will
affect the quality of the work force available in the future, and the accumulation of
physical capital. In addition, researchers are interested not only in the extent of income
inequality, but also in the sources of these inequalities. If income inequality prevents
individuals from realizing their potential, then inequality may have serious implications
for a country’s economic performance. Lack of social mobility perpetuates existing
inequality and could b e one o fthe main obstacles in realizing one’s p otential. W hile
doubts regarding the negative effects of income and wealth inequality on growth still
exist, there is agreement on the importance of inequality persistence across generations

for the growth process.

At the present time, there is no consensus on the links between persistent income
inequality across generations and economic growth. Some growth theories suggest that if
heritability of abilities is high, then low social mobility is efficient and any intervention

in choices made by individuals and market arrangements may compromise economic
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efficiency. Other growth theories contend that if abilities are only moderately heritable
then substantial social mobility is highly desirable. Within the latter group of growth
theories, some view the market system as being able to allocate efficiently individual
talents. Others in this same group adopt the view that capital market imperfections might
make inequality more persistent than it ought to be; that is, if credit markets are
imperfect, then individuals with little initial wealth may face limited investment
opportunities, so that initial wealth inequality is translated into persistent income

inequality.

One common feature of the theoretical studies that investigate the relationships between
inequality and growth is an unchanging economic environment setting. See, for example,
Aghion and Bolton (1997), Galor and Zeira (1993), Benabou, op. cit., Banerjee and
Newman (1993), and Aghion and Howitt (1998). Such a setting does not allow for
agents’ movement up or down the income distribution ladder and this is clearly at odds
with reality. Further developments along this line of inquiry suggest that opportunities for
mobility should be incorporated in models used to study relationships between growth
and inequality. An interesting question to ask would be “how the income and wealth
distribution together with growth rates would evolve over time in settings where

individuals have opportunities for positive upward mobility.”

In an attempt to find an answer the above question, the present paper addresses the
evolution of growth and the wealth distribution in a life-cycle model with endogenous
growth, which allows for intergenerational mobility and in which individuals face
borrowing constraints. Human capital accumulation through education is the engine of
growth. In the paper, individuals must self-finance their education. The recent literature
on endogenous growth has pointed to the importance of human capital formationasa
determinant of economic growth. See, for example, Romer (1986), Lucas (1988), Barro
and Lee (1994). A number of studies, such as Benabou, op. cit., Glomm and Ravikumar
(1992), De Gregorio (1996), de la Croix and Monfort (2000), argue persuasively that
unequal income distribution, combined with borrowing constraints, may be viewed as

obstacles to an efficient allocation of resources and can have a negative effect on growth
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through sub-optimal investment in education. In the present model, growth is driven by
privately financed human capital accumulation and credit market imperfections may limit
agents’ ability to invest in education and, consequently, their ability to accumulate human

capital.

The model of the present paper is formulated under the overlapping-generations
framework. In the model, agents live for three periods and differ in their initial wealth
and innate ability. Parental altruism is used to link individuals within a dynasty. All the
generations in a dynasty are assumed to have the same preferences and in any period, a
young individual is responsible for making her educational investment decisions, given
her inheritance and her innate ability. To allow for positive economic mobility, I assume
that in each period the innate abilities of the young individuals are randomly and
independently distributed across dynasties. Furthermore, innate abilities, which are
assumed to be realized at the beginning of the period and revealed to the young
individuals who possess them, complement educational investment. Consequently, the
same level of investment in education will yield different levels of human capital for
agents with different innate abilities. It is through part of her inheritance that a young
agent acquires the real resources to pay for the educational investment needed to

accumulate human capital.

Due to the model’s complexity, an analytical solution does not seem to be possible.

Hence a simulation of the theoretical model has been carried out. In the simulated

‘economy, the initial income inequality seems not to persist in the long run. The stochastic

nature of abilities, by creating opportunity for mobility, allows individuals to move
within the income distribution ladder. Inequality in initial asset holdings tends to decrease
with time. The distribution of human capital along the economy’s growth path appears to
support the theory that a merit-based distribution is not necessarily an equal one. The
results of the simulation indicate that the growth of the economy is determined largely by
the availability of resources; how the available resources are distributed plays a lesser
part in determining the growth of the economy. It also appears that in the long run the

market economy is able to allocate resources efficiently.
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The paper is organized as follows. In Section 2, a review of the recent developments in
the subject is presented. The model of the paper is presented in Section 3. The model is
simulated in Section 4. The results of the simulation are discussed in Section 5. Some

concluding remarks are given in Section 6.

2. AREVIEW OF RECENT DEVELOPMENTS

Existing theories relating growth, income distribution, and wealth distribution can be
classified into two groups. The first group consists of the classical theories relating
inequality and growth. In the second group are found more recent theories, which suggest

a negative correlation between inequality and growth.

The classical school of economics, which began with Adam Smith (1776), was the
pioneer in analyzing the interaction between income distribution, wealth distribution, and
the growth process. Classical economists saw growth as a saving-driven process, and
considered income distribution especially relevant to capital accumulation. According to
the classical theory, savings rise with wealth,' and wealth comes mainly from profits that
classical economists attributed entirely to capital owners. Therefore, a higher
concentration of income and wealth in the hands of individuals with a higher propensity
to save — in other words a more unequal distribution of income — would increase capital
accumulation and enhance growth. The classical economists also offered two additional
arguments in favor of income inequality as the engine of growth. The first argument rests

on the premise that in the presence of investment indivisibilities, greater income and

1 Few studies attempted to verify the belief that wealthy agents have higher savings rates and that the
saving rate is positively correlated to income level, i.e., the higher is the income the higher is the proportion
of income saved. The argument in support of this belief is not so straightforward. Only the top 1%
exhibited a higher propensity to save out of income. For more details, see Carroll (1998), Dynan, Skinner,
and Zeldes (2004), Huggett and Ventura (2000).
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wealth concentration makes it easier for these lumpy investments to be carried out and
thus for the economy to grow. In the second argument, it is claimed that inequality
creates an incentive to promote efficiency in the use of resources. In the first half of the
twentieth century, Keynes (1936), and later Neo-Keynesians, such as Kaldor (1956),
Kalecki (1971), and Pasinetti (1974), adhered to the same premise that unequal income

and wealth distribution stimulates economic growth.

The second half of the twentieth century witnessed an explosive development of
“neoclassical” growth theories. Growth and industrialization had become the focal point
for economists, and distributional issues, for a while, were regarded as of less
importance. Early neoclassical growth theories rely heavily on the assumptions that
markets are perfectly competitive and complete; economic agents are identical; and there
are decreasing returns to production factors. Such a specification makes income and
wealth distribution neutral to macroeconomic outcomes: it eliminates distribution from
the set of variables of interest and makes it impossible to investigate any relationship
between income distribution and growth. On the other hand, the theories that considered
the interaction between inequality and growth focused either on the reverse causality —
growth is the source of income inequality — or emphasized the inevitable trade-off
between efficiency and equity. See, for example, Lewis (1954), Kuznets (1955), and
Kaldor (1956). Another strand of the theoretical literature in the post World War II period
propagated the view that a well-functioning market system can promote efficiency and
that there exists an unavoidable trade-off between growth and income inequality; that is
more justice in distribution requires a sacrifice in output. See, for example Okun (1975).
This position suggests that economic progress will eventually trickle down to the poor if

wealthy individuals are unimpeded in their pursuit of profits.
2.1. The Kuznets Curve
In his seminal paper, Kuznets, op cit., proposed an inverted-U shaped function to

describe the relationship between the level of per-capita income and the income

distribution. This researcher suggested that income distribution evolves according to
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stages in the course of an economy’s development. In the initial stage — when per-capita
income is low and the economy is just starting to grow — the income distribution widens
and inequality rises. With further growth of per-capita income and at some level of
development, the economy reaches a point where inequality ceases to widen and starts to
narrow, creating thus the inverse U-shaped relation between income distribution and

growth.

There is fairly large body of empirical work — with different degrees of complexity and
sophistication — that attempt either to derive or to test the “Kuznets hypothesis.” See, for
example, Campano and Salvatore (1988), Clarke (1995), Ram (1988, 1995), Fields and
Jakubson (1994), and Jha (1996). In general, these studies use an aggregate specification
in reduced form to link inequality to per capita income. To test the Kuznets hypothesis,
these researchers used different cross-sectional data sets, different measures of inequality,

and different econometric methodologies. Despite the enormous efforts spent on this

“endeavor, the “Kuznetsian” empirical literature failed to find a s ystematic r elationship

between growth and inequality.

One of the main shortcomings of these studies involves the compatibility and quality of
the data used. Another shortcoming resides in the excessive sensitivity of the results to
models’ specifications. Many estimation results do not stand up to robustness tests. See,
for example, Saith (1983), Deininger and Squire (1996a, 1996b, 1996¢), Anand and
Kanbur (1993a, 1993b). And last, but not least, is the criticism that the “Kuznetsian”
empirical literature has a strong tendency to minimize the role of policy by treating the
distribution-development relationship as a law; thatis, policy makers need not w orry
about any systematic negative effects of growth on income distribution, since inequality

will eventually fall.

Despite the inconclusive results of the empirical literature, several theoretical studies
attempted to reproduce Kuznets’ curve. In their models, Perotti (1993) and Aghion and
Bolton (1997) showed that as the economy grows, the initial rise in income inequality

will turn around later. Galor (2000) attempted to show that inequality may first rise in the
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course of development then start declining, as time goes on, when human capital
accumulation becomes the main driving force behind growth. However, other studies
claimed that in some cases inequality might limit an individual’s opportunities to
accumulate human and physical capital, and that initial inequality may persist and even

worsen, leading the economy into a poverty trap.
2.2. Endogenous Growth and Income Distribution

Contrary to the claims made by theories asserting that there is a trade-off between income
equality and growth, in the 1960s and 1970s one witnessed not just a worsening
distribution of income but also a drastic rise in poverty, despite the rapid growth in some
developing countries® and the “growth-equity” miracles of several East Asian countries.
Following the debt crisis of the 1980s, the experience of several East Asian countries, and
the increase in inequality in developed countries, the research in growth and income
inequality — with the help of the endogenous growth theories — shifted its focus and now
concentrates on searching for alternative interaction mechanisms between income
distribution and growth, leading to the development of the recent theories relating
economic growth and inequality. This strand of research theories challenges the classical

views at both the theoretical and the empirical levels.’

First, some empirical studies disputed the notion that redistribution adversely effects
growth. Easterly and Rebelo (1993) and Perotti (1996) examined the effect of fiscal
policy variables on growth for a large cross-section of countries and found positive and
significant effects of fiscal policies on economic growth. The experience of some East
Asian countries also demonstrated that redistribution in the form of land and educational

reforms has a positive impact on growth.’

2 See Chenery et al. (1974) and Fishlow (1972).
3 For an excellent overview of this subject, see Benabou (1996a), Solimano (1998), and Aghion, Caroli and
Garcia-Penalosa (1999).

4 See Chu (1995), You (1998), Bourguignon et al. (2001).
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Second, despite the statement that inequality leads to greater savings, the experience of
the East Asian countries demonstrated that even low-income individuals might have high
saving rates. Some empirical findings even suggest that there might be no relationship

between inequality and aggregate savings.’

Third, the remarkable growth with sustainable and even improving income and wealth
distribution in the East Asian countries has put the trade-off between equity and 'growth
into question. Early work in the 1990s suggested that there is little empirical evidence
that initial inequality in income and wealth has a positive impact on growth. Some of
these studies examined the impact of inequality upon economic growth by using cross-
sectional data and different econometric techniques to estimate a reduced-form linear
equation linking average GDP growth rate against a measure of inequality and found a

negative correlation between these two variables.’®

The findings of the 1990s have been challenged by the recent empirical literature on the
relationship between inequality and growth, which suggests that the experiences of
developing and developed countries may differ; that is, empirical studies using the data
for poor countries support the negative correlation between inequality and growth, while
those using the data for rich countries either find no such relation at all’ or find a
nonlinear relationship between inequality and growth.® Some authors, such as Forbes
(2000) and Li and Zou (1998), even find a positive correlation between inequality and
growth. Unfortunately, the estimations obtained from these cross-country studies have
also been subjected to the same criticisms leveled against those trying to find empirical
evidence for the “Kuznets hypothesis,” due to their poor data quality, ad hoc
specifications, and high sensitivity of the estimation results to model specifications.
However, despite the diversity of results, these studies represent a challenge to the
classical theories and suggest leads for further investigation of the relation between

inequality and growth.

5 See Schmidt-Hebbel and Serven (1997).

® See Perotti (1996), Alesina and Rodrick (1994), Persson and Tabellini (1994), and Clarke (1995).
7 See Barro (1999, 2000) and Quah (2001).

¥ See Banerjee and Duflo (2003).
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2.3. Income Inequality, Economic Growth, and Political Economy

One strand of the recent literature on economic growth and income inequality looks at the
problem from the combined perspective of endogenous growth and political economy.
Political economy models on inequality and growth are usually based on two premises.
The first premise asserts that a highly unequal income and wealth distribution would
inflame social conflict, endanger property rights, depress investment, and, as a
consequence, reduce growth.” The second premise asserts that pronounced inequality, by
disturbing social and political stability, would result in higher macroeconomic volatility.
See, for example, Alesina and Perotti (1996). Researchers such as Haussmann and Gavin
(1996) and Breen and Garcia-Penalosa (1998) found a positive correlation between
income inequality and the growth rate’s volatility. In their cross-country regressions,
Ramey and Ramey (1995) and Haussmann and Gavin (1996) find that greater volatility
of growth rates negatively a ffects the average growth rate. T herefore, unequal income

distribution negatively affects growth through higher macroeconomic volatility.

Another strand o f the literature e mploys the m edian v oter theorem and starts with the
premise that an unequal income distribution would lead to redistribution, which in turn,
would hamper economic growth. That is, in democratic societies where government
policies are determined through majority voting, the majority of the population — in the
presence of a highly unequal income distribution — would choose to carry out an active
program of redistribution. A more active redistribution of income would discourage
investment by depressing its returns and, consequently, would lower growth. See, for
example, the works of Perotti (1992), Betrola (1993), Alesina and Rodrik (1994).
Unfortunately, this strand of literature is not supported by the data, as it has already been
mentioned that empirical research finds support for the premise that income redistribution

has a positive effect on growth.

? See Bellettini (1996), Benhabib and Rustichini (1996), and Alesina et al. (1996).
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2.4. Innovation Goods and Imperfect Capital Markets

Some studies suggest that inequality might affect growth by altering the demand for
various goods, especially the demand for innovation goods.'® If demand for goods is
hierarchic and growth is driven by innovations, an unequal income distribution could lead
to smaller markets for innovation, which in turn means a weak demand for innovations.
An economy that exhibits these characteristics will produce fewer innovations and have
slower growth.11 Inequality also may affect demand for manufacturing goods, causing

slower productivity progress. 12

Some researchers have advanced the idea of capital market imperfections to explain the
link between inequality and growth. In economies where credit markets are less than
perfect due to information or enforcement problems, agents could be limited in their
borrowing capacity. Unequal income or wealth distribution coupled with borrowing
constraints could limit agents’ investment opportunities and lead to underinvestment in

human or physical capital, thus negatively affecting growth.

Perotti (1992) finds that greater credit availability positively affects growth. Researchers
such as Aghion and Bolton (1992, 1997), Galor and Zeira (1993), Benabou (1996), and
Piketty (1997) propound the view that redistribution could help agents to overcome
markets imperfections and undertake the correct kind and the right amount of investments
necessary for economic growth. According to Aghion, Banerjee, and Piketty (1999),
inequality combined with capital market imperfections may generate macroeconomic
fluctuations, w hich impede growth. Suppose that inequality takes the form o funequal
access to investment opportunities; that is, only a fraction of economic agents have access
to high-profit investments. Consequently, there will be a separation of savers and
investors in such an economy. Inequality of this type combined with a high degree of

capital market imperfections can generate persistent investment volatility, which would

1% See Zweimuller (2000).
! See Murphy, Shleifer and Vishny (1989).
12 See Eswaran and Kotwal (1993).
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result in lower production and hence lower economic growth. Haussmann and Gavin
(1996) and Breen and Garcia-Penalosa (1998) also found that income inequality is
positively correlated with growth the rate’s volatility. And the empirical work of Ramey
and Ramey (1995) and Haussmann and Gavin (1996) using cross-country regressions, in
their turn, confirmed the proposition that greater volatility of growth rates negatively
effects the average growth rate.

2.5. Social Status, Fertility, and Income Inequality

Some researchers have gone beyond economics and looked at the pursuit of social status
as a factor that might link income inequality and economic growth. Their findings
indicate that the effects on growth of the desire for status are ambiguous. The ambiguity
stems from the different measures of status. Fershtman et al. (1996) showed that if status,
measured as level of human capital or occupation, is a normal good, and demand for
status is increasing with wealth, then in the presence of credit market imperfections
higher inequality may result in an inefficient resource allocation and consequently in
slower growth. Their model predicts that in their pursuit of status wealthy, but low-
ability, agents over-invest in education while poor, but higher-ability, agents under-invest
in education, and this results in a misplacement of talents and, consequently, in a lower
average level of human capital for the economy. Corneo and Jeanne (2001) also showed
that if status arises from wealth, more inequality leads to slower growth. On other hand,
Frank (1999) and Hopkins and Kornienko (2004) demonstrated that if status arises from
“conspicuous consumption,” then there is a possibility that greater equality may result in

slower growth through higher present consumption and lower savings.

According to Knell (1999), social comparison is also a possible channel through which
inequality may effect economic growth. This researcher suggested that individuals,
especially in developed countries, might be tempted to “keep up with the Jones” by
adopting a level of consumption that is higher then they can afford by lowering savings

and investment in human capital. Consequently in economies where social comparisons
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are particularly pronounced, higher inequality results in lower physical and human capital

accumulation and, consequently, in slower growth.

Some researchers consider endogenous fertility as a possible channel for mediating the
relationship between inequality and growth. Galor and Zang (1997), Kremer and Chen
(2000), and later de la Croix and Doepke (2003) demonstrated that higher fertility rates
negatively affect economic growth and that economies with a more unequal distribution
of income tend to have significantly higher fertility rates. Theories relating endogenous
fertility, inequality, and growth generally argue that parents face a trade-off between the
quality and the quantity of their children and that inequality, combined with credit market
imperfections, distorts parents’ decision regarding number of offspring they want to raise
and the investment in education for these children. In their models, Dahan and Tsiddon
(1998), Kremer and Chen (2000), and de la Croix and Doepke (2003) assumed that
children are normal goods and that parents obtain utility from the number and the quality
— with quality m easured by the e ducation level obtained — o f the children they raise.
Raising a child is costly in terms oftime; educating a childis costly in terms of real
resources. High-income parents thus face a higher opportunity cost of raising a child, and
this induces them to substitute quality for quantity. Less wealthy parents, on the contrary,
face a lower opportunity cost and choose to have more children, but spend less on their
education. As a result, everything else equal, higher inequality results in higher fertility
differentials, which, in turn, results in less human capital accumulation and,
consequently, in slower growth. In models with endogenous fertility and credit market
imperfections, economic growth would thus be determined by the initial income

distribution."
2.6. Income Inequality, Economic Growth, and Intergenerational Mobility
The latest research on income inequality and economic growth takes the channels through

which inequality could affect growth, and vice versa, focuses attention on the changes in

inequality over time, especially whether initial inequalities dissipate with time or

13 See Dahan and Tsiddon (1998), Galor and Weil (2000).
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continue to persist across generations. This strand of research has intergenerational
mobility as its object of study and is composed of several competing theories, which have

been motivated by conflicting empirical evidence on the extent of inequality persistence.

Early empirical studies on intergenerational mobility estimated the intergenerational
income correlation in the United States and several western European countries as very
low — in the range of 0.18-0.25 — suggesting that there is very little persistence in
economic status in free market economies. See, for example, Behrman and Taubman
(1995), Becker and Tomes (1986). However, the problem with these estimates is that they
used non-representative samples with poorly measured data. More recent studies, such as
Solon (1992) and Zimmerman (1992), demonstrate that these estimates are far too low
and produce significantly higher estimates for different measures of status,'*
demonstrating that social mobility in developed countries is not as high as it was thought

before.

Transmission of wealth through inheritance is often referred to as one of the most
obvious channels through which inequality may persist over time. Unfortunately, the data
on inheritance is scarce, and only a small number of empirical studies have attempted to
estimate the correlation between intergenerational mobility and income. See, for
example, Menchik (1979) and Tomes (1981). The recent work of Mulligan (1997) finds
estimates of total income intergenerational correlation in the range of 0.7-0.8. This
suggests that family transmission of wealth could make inequality very persistent across
generations. Most of the theoretical works on the long-run dynamics of wealth inequality
support this proposition. Only under the assumptions of a concave inheritance function
and equality of labor earnings could initial wealth inequality disappear with time."

However, if any of these assumptions were relaxed the result would not hold. For

instance, if (i) the saving function is convex, (ii) economic agents differ in their fertility

14 See N. Stokey (1998) for a great review of recent empirical work on intergenerational mobility.

¥ See Stiglitz (1969).
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behavior, (iii) credit markets are imperfect, and (iv) there is earnings inequality, then

wealth inequality will persist in the long run.'®

Although wealth transfer is a very powerful transmission mechanism, empirical studies
show that intergenerational income is in large part due to the persistent inequality of labor
earnings.'’ Piketty (2000) suggests several possible sources of the high persistency of
earnings inequality:

(1) within family transmission of abilities, ambitions, and tastes;

(i)  imperfect capital markets;

(iii)  local segregation into unequal communities;
and

@iv)  self-fulfilling beliefs.

The theories that attribute the persistence of earnings inequality to family transmission of
abilities, ambitions, tastes, and efficient human capital investment suggest that an agent’s
future earnings capacity is in large part determined by family background either through
transmission of genetic abilities or through transmission of cultural characteristics. The
implication of this point of view is that inequality is the inevitable result of efficient
market choices by economic agents and that low economic status mobility is justified.
There is not much empirical evidence regarding genetic abilities transmission,'® but there
is an impressive number of studies that find significant positive effect of family

background (characteristics) on individuals’ earning capacity.'’

The persistence of earnings inequality has also been attributed by some theories to credit
market imperfections. The basic idea of these theories is that credit market imperfections
limit the investment opportunities of economic agents. The families that are constrained

by their low initial wealth are not able to find enough funds to realize their optimal

¢ See, for example, Bourguignon (1981), Dahan and Tsiddon (1998), and Piketty (1996, 1997).

17 See Mulligan (1997).
18 See Herrnstein and Murray (1994).
19 See Becker and Tomes (1986) and Mulligan (1997).
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investment and thus will remain poor. That is especially relevant to efficient human
capital investment. With credit market imperfections, initial wealth inequality could be
translated into subsequent earnings inequality, making inequality across generations more

persistent than it ought to be.?

Despite the existence of extensive support for credit constraints at the micro level,?! the
empirical evidence regarding credit market imperfections relevant to aggregate
intergenerational mobility is unclear. Mulligan (1997), Cameron and Heckman (1998),
and Cameiro and Heckman (2002) argue that only small portion of agents faces short-
term borrowing constraints. However, it is possible that the importance of credit

constraints for social mobility may vary over time and across countries.

Segregation — a sociological factor — has also been advanced to explain inequality
persistence. The quality of the community in which the agent chooses to live often affects
her income. Benabou (1993, 1996b) and Durlauf (1996) demonstrated that local
segregation could reinforce income inequality and lead to lower income mobility. Borjas
(1992, 1995), Mulligan (1993) and some other researchers provide evidence on the
impact of local environment on intergenerational mobility. However, the inefficiency of
local segregation depends on the channels through which intergenerational mobility is
affected. If social mobility is affected through peer effects, then integrated neighborhoods
could improve mobility prospects for poor individuals. However, if the quality of local
education is responsible for low mobility, then the negative effects of local segregation

could be overcome by sufficient redistribution of resources.

Some theories attribute persistence of earnings inequality to self-fulfilling beliefs. If an
agent views upward mobility as a result of luck and not as a result of one’s abilities or
hard work, this may reduce her incentives to move up. If individuals in the present
society believe that their economic success is primarily determined by social origins, then

poor agents might be skeptical regarding their chances for success and exert less effort

? See, for example, Loury (1981), Banerjee and Newman (1993), and Piketty (1997).

2! See, for example, Evans and Jovanovic (1989) and Blanchflower and Oswald (1998),
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than is optimal. Such self-fulfilling beliefs could perpetuate the initial inequality.
Persistence of income inequality generated by self-fulfilling beliefs could be closely tied
with persistence in economic status and family transmission of ambition and tastes.
Economic agents, by comparing their social achievements to the ones of their parents or
some ‘“reference group”, could choose to act according to society’s expectations.
Consequently, inequality would persist simply because a gents expect this inequality to

persist.??

3. THE MODEL

The foundation of the present model is built upon two distinguished strands of literature.
The first strand of literature examines the relationship between inequality and economic
growth, and the second strand of literature focuses on intergenerational mobility. The
model most closely resembles the works of Loury (1981) and Owen and Weil (1998).
Loury, op cit., developed a model with parental altruism and where the productivity of an
individual depends on her educational investment and innate abilities, with innate
abilities assumed to be independently and identically distributed across young
individuals. The main differences between my model and the former model reside in the
fact that Loury, op cit., studied a stagnant economy, while my model incorporates
endogenous growth. Another difference is that this author assumed that an individual
does not know her endowments at the time of educational investment. More specifically,
the model of this researcher features uncertainty at the individual level. Furthermore, in
his model, parents transfer assets through time by means of investments in their
children’s education, not through bequests; that is, in his model, no storage technology is
available to young individuals, which eliminates the possibility of borrowing and limits
their investment options. Also, all decisions in the model are made by mature individual;
that is, only parents may decide on consumption and educational investment. The model
of Owen and Weil (1998), which was inspired by the works of Becker and Tomes (1986),
Galor and Zeira (1993), and Galor and Tsiddon (1997), also featured random abilities that

22 Gee Piketty (1998, 2000).
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are identically and independently distributed across young individuals, as well as asset
transfers from parents to offspring. Their model also incorporates borrowing constraints
and allows young individuals to make decisions on investment in education. However, in
their model abilities, which are measured in efficiency units, are constant over time and
just reallocated among individuals; that is, their model shares a common feature with that
of Loury’s model in the sense that uncertainty at the individual level is generated by
different combinations of the same abilities. Our model, on the other hand, features
ability endowments that change over time, which in turn creates uncertainty at the
aggregate level. Another feature that differentiates our model from that of Owen and
Weil (1998) is that in their model the cost of education is fixed, and although young
individuals differ in their abilities, and, consequently, may receive different labor
incomes, based on initial asset endowments, they have only two options: either to invest a
fixed amount, become educated, and work as a skilled worker or not to invest at all,
remain uneducated, and work as an unskilled worker. The present model has a less
restrictive structure of human capital accumulation;” that is, every young agent has an
opportunity to acquire education, although investment in education may differ across

agents because of their difference in innate ability.

In the model, time is discrete and denoted by ¢,£ =0,1,... In the economy I consider, there

is a single good which can either be consumed or used as an investment good to augment
the stock of physical capital. The good is produced from labor and capital according to a
standard neoclassical production function by competitive firms. There are m dynasties in
the model, and in each period a dynasty is represented by three individuals: a young
individual, a mature individual, and an old individual. A young individual does not work;
the only activity, besides consumption, that she engages in is an education program. An
old individual is retired and does not work, either. The mature generation in any period
thus constitutes the labor force in that period. Furthermore, I shall not model the leisure

and labor supply choice of a mature individual by assuming that each mature individual

2 The modified human capital production function used in the present work was inspired by the general
function used by Glomm and Ravikumar (1992), De Gregorio (1996) and Hendricks (1999).
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has one unit of time that she in-elastically offers for sale on the labor market at the

prevailing wage rate.

To concentrate on the dynamics of growth and income distribution, we shall abstract
from fertility decisions and population growth. Thus we assume that at the end of each
period the old individual of a dynasty dies, the mature individual becomes old, and the
young individual becomes mature, and a new young individual appears in the following
period as the youngest member of the dynasty of that period. Furthermore, there is a
transfer of wealth from the old individual to the new young individual in the form of a
bequest, and it is with this inheritance that the new young individual begins her economic

life.
3.1. Profit Maximization

Let », and @, denote, respectively, the rental rate of capital and the wage rate of effective

labor that prevail in period . The consumption good is taken to be the numeraire in each

period. In period ¢, the representative firm produces the consumption good using
effective labor L, and physical capital K, according to the following Cobb-Douglas
production function:

(1) Y, =A4K:L™*,

where 4, >0 is the technological level of the firm in period ¢ and a,0<a <], is a

parameter. In what follows, I assume that capital depreciates c ompletely at the end of

each period. Expression (1) thus represents output net of depreciation in each period.

Facing the rental rate of capital » and the wage rate paid to effective labor ,, the
representative firm solves the following profit maximization problem:

(2) maX(K, ,L,)[AwKtath_a - ”:Kr - thtl

The following first-order conditions characterize the solution of (2):

Page 19 0of 56



O

O

K -(1-a)
o o5

and

@ (1—a)4[ﬂ -0,

3.2. The Life Cycle of a Young Individual

Consider a young individual of dynasty ; who begins her economic life in period ¢ with
a?t as her asset holdings. These asset holdings — which are her inheritance passed on by

the old individual of the dynasty in the preceding period — constitute her initial wealth.
Out of her initial wealth, such a young individual has to decide how much to consume in
the current period, how much to invest in education to accumulate human capital, and
how much to save. To fix ideas, I shall assume that production and education activities
are carried out during the period and that the remuneration to the two factors of
production are made at the end of the period, at which time consumption and saving

decisions are made.

Let ej?t be the amount of real resources devoted to education activities by a young

individual of dynasty j in period ¢. The part of the inheritance that remains is then equal

0 0
to a,—e;,

which is loaned on the capital market at the gross rate of return 7. At the end
of period ¢, the wealth of this young individual is 7(a}, —e},), part of which is used for
current consumption, ¢, and the remaining part, namely s}, = r(a}, —e}) -, is saved.

The saving constitutes her assets in the following period, when she becomes a mature
individual, i.e.,

6 d,=ra,-¢)—cj, (j=1..,mit=01,..).

Gl T N\ T
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Obviously, we must have c’, > 0,e’ >0. As for a',,,, it can be negative if the individual

jt jt = Jit+l2
is allowed to borrow. However, following the strand of literature on income inequality

and growth that insists on imperfect capital market as a driving force behind persistent

to be non-negative.

. . . - 1
income inequality, I shall constrain a; .,

The human capital that such a young individual accumulates obviously depends on her

investment in education, namely e’,, and her innate ability, say 92. I shall assume that a

jt?
young individual knows her innate ability. However, before a young individual appears
on the scene, her innate ability is not known and is assumed to be uniformly distributed

on the interval [9 6. where 6, and 6 are two parameters satisfying

min >

0<6,,, <6, The value <9j°, thus represents the realized innate ability of the young

individual of dynasty j in period ¢. I shall assume that the random variables ng's are

independent through time and across dynasties. Furthermore, to allow for the externalities
of the economy’s stock of knowledge on individual human capital accumulation, I shall
also assume that the human capital accumulated by a young individual of period ¢
depends on the average human capital of the mature generation, i.e., of the mature
individuals of the m dynasties, in that period. More specifically, the human capital
accumulated by a young individual in period ¢ and is at her disposal in the following
period is

©)  B=n+zge ],

where y,0 <y <1, is a parameter representing the elasticity of the level of human capital

attained with respect to educational investment; £ >0 is a parameter representing the
weight accorded to the existing stock of human capital in the human capital of an

individual in the economy; 7 >0 is a parameter r epresenting the base level of human
capital of any individual when she does not make any investment in education; and y >0

is the parameter representing the technological level of the technology of individual

human capital accumulation. Also, in (6) I have let
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N h'=—Xh,

m j=1
denote the average human capital of all the mature individuals who exist in period ¢. The

expression Qj‘;ejo.,, which is the product of innate abilities and the amount of real resources

devoted to educational activities can be interpreted as the effective educational
investment. As specified by (6), investment in education raises human capital above the

base level 7 by an amount that is a linear homogenous function of individual effective
educational investment and the effective average human capital level of the current
working generation, namely g, The specification of a base level of human capital

prevents the economy from degenerating. The small weight accorded to the average
human capital level of the current working generation ensures that the endogenous
growth driven by the externalities generated by the economy’s accumulation of
knowledge is not too explosive. In particular, note that because innate ability is an input
in the production of human capital, the same level of educational investment will result in
different levels of human capital, depending on the innate ability of the young individual.
To translate human capital into effective labor, I shall assume that an individual with the

level of human capital 2 who works one hour will supply & hours of effective labor.

At the end of period #+1, the young individual of dynasty j, who is now mature,

receives a laborincome of @, 4;,,, anda capital incomeof 7,a’,,,. If ¢;,,, isher

t+1"7 7,41 Jat+1® Jit+l
consumpﬁon at the end of this period, then her assets at the beginning of the following
period — when she is old — is given by

2 _ 1 1 1
(8) a 1@ 1 T Ol Car

Ji2 T 178 041 T

Let ¢

? +2 be the consumption in the last period of the life cycle of the young individual of

dynasty j in period f. Then the bequest she leaves behind at the end of period ¢ +2,

which constitutes the inheritance of the young individual of her dynasty in period ¢+ 3, is

o _ 2 2
)] Aoz = N80 —Cun
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The list (c?,,c}’,+1,c12.’,+2,a2’,+3) thus represents a realization of the life cycle of the young

individual of dynasty ;j in period ¢. The lifetime utility associated with such a realized
life cycle is assumed to be given by

(10) u(c?,, Che19C5 1429 143 )= ”(Cf'r )"' 5“(4‘,”1 )"' 6 Zu(cjz',uz ) +b (a?,m)

In (10), 6,0 <6 <1, is the discount factor; u is the single-period utility function; and b
is the sub-utility function of bequest. The sub-utility function b 1is intended to capture
“the joy of giving” that parents enjoy by transferring resources to their children. For
analytical tractability, I shall assume that both # and b are logarithmic and take on the
following forms u(c)=Log[c] and b(a)= PLog[a], respectively, where >0 is a

parameter representing the degree of altruism.
3.3. The Price System and Decision Rules

I shall now attempt to define a competitive equilibrium for the economy in question.
Because of the stochastic nature of the innate abilities of the young individuals as time
progresses, the relevant equilibrium concept is that of rational expectations equilibrium.
To find a rational expectations equilibrium, we thus have to find the prices — the rental
rate of capital and the wage rate — and the decisions made by each agent in each period in
terms o f the state o fthe system at the beginning o f that p eriod. F urthermore, b ecause
each young individual of a dynasty lives three periods, we also need to specify her
expectations concerning future prices such that the choices she makes in each phase of
her life cycle are optimal, given these expectations. Finally, the choices made by all the
economic agents in each period must be mutually coherent in the sense that markets clear
in each period.

Jt? Jjt?

In what follows, x, = ((a° 019,),(a1 h},),ajz, yj;l denotes the state of the economy at the
beginning of period #,¢=0,1,... The initial state of the system, namely

0 0 1 1 2y : .
Xy = ((ajo,é?jo ), (ajo, hjo),ajo Ll, is assumed to be given.
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By a stationary price system, Imean a function 7:x, — #(x,) that specifies the gross
rental rate of capital and a function @ :x, — @(x,) that specifies the wage rate paid to
effective labor — both in period ¢ — given that x, is the state of the economy at the

beginning of that period.

Next, let (]&,i):x,—)(]%(x),ﬁ(x,)) be the stationary decision rule used by the

representative firm in choosing its capital and effective labor inputs in each period, as

functions of the state of the economy at the beginning of that period.

To continue, let

((A;) .6 )’ .65 );:1 X ((é;? ()¢ (x,)),é} (%), (x')):;l
be a collection of stationary decision rules for all the individuals who exist in any period.
Here é? (x,) and 6;) (x,) represents, respectively, the educational investment and the
consumption of the young individual of dynasty j in that period, while éi (x,) and
6']2 (x,) represent, respectively, the consumption of the mature and old individuals of

dynasty j— also in that period.

In what follows, let @ =(F,&) denote a price system and 9 = (( )(( 9 AO), )"' )

J’ J
collection of decision rules. The collection of decision rules D is said to be consistent

with the price system @ if the following market-clearing conditions hold for capital and

labor:
1y R(x)= iza;,—ie;«x)

12 Lx)=YH,

3.4. Transition Probabilities
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Consider a price system @ and an array of decision rules 9 that is consistent with &.

Under the pair (@CD), the education investment made by the young individual of dynasty

J inperiod ¢ is é;(x,), and her human capital — when she becomes mature — is given by

13) . =n+zBs@e) ']

Furthermore, in period ¢ the rental rate of capital and the wage rate paid to effective labor

are given, respectively, by
m 2 m a-l m 1-e
(14) f(xt>=aAt[ZZa}—Z“?<xt>} [Zh}t} :
Jj=1 i=0 Jj=1 Jj=1
and

(15) a")(xt)z(l—a)A,[zm:Za, Zm:é?(x,)} [Z }

Jj=1 i=0 J=l =1

For the young individual of dynasty j in period ¢, the asset she owns at the beginning of

the following period, when she is mature, is given by

16) &, =rd’-&x))-x).

As for the mature individual of d ynasty j inperiod ¢, her assets atthe beginning of
period ¢ +1, when she is old, are given by
(17) &, =ra, +ohk, —E(x).

Jit+l 't

The wealth that is left as a bequest by the old individual of dynasty ; in period ¢ is

18) @&, =ra,-E).
If ‘9,0:+1 is the realized innate ability of the young individual of dynasty j who appears on

the scene in period ¢+ 1, then the state of the economy at the beginning of that period is

%, = (( j¢+1,‘910t+1)>( “H,hj M), jmr Note that given x, and the pair (9.9), all the
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elements of x,, except for 6’]0,“, j=1..,m, are completely determined. Theof

randomness in x,,, comes from Qjom, J =1,...,m, the randomness of the innate abilities of

the young individuals in period #+1. The density function that describes the transition

from x, to x,,, is given by

(19)

f (xt+llxt>(@'@)):f ((( jt+1’9_],t+l)( _]t+1’h_] t+1)’ 11+l) lxt’(J CD))

_ [0 10 ] lf (Jt+1’(jt+bhjt+l)’ j;+1)m —(&?1+1’(jt+1’hjt+l)7 J’”Inl
0, otherwise.

The transition density f (x,+1|x,,(9’,@)) describes completely the evolution of the economy

from any given initial condition under the assumption that ¢ is the prevailing price
system and 9 is the collection of decision rules used by all the agents in each period.

Furthermore, if x, is the state of the economy at the beginning of period ¢, then the
prevailing price system in that period is (r,,co,): (f(x,),c?)(xt)),t =0,1,.., and the
probability distribution, say G((;;H,a)m)'(;;,a), )), that describes the transition from (7, ,)
to (7, -, @,,,) can be computed from f (xt+1|x,,(€1’,CD)) and &.
3.5. Expected Lifetime Utility Maximization

Suppose that x, = (( a;,o ),(a ﬁ,hjlt),a j,yn | is the state of the economy at the beginning of
period ¢ and that the price system prevailing in this period is (r,,a), ) Furthermore, the
price system in the next period, given (r,,a)t ), is described by the transition distribution
function G(( M,a)m](rt,a), )),t =0,1,..., where the initial price system is given by

(ro,a)o):(f(xo),a")(xo)). In this subsection, I solve the expected utility maximization

problems of the young, mature, and old individuals of each dynasty in period ¢, under the
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assumption that the expectations of these economic agents concerning future prices are

described by the transition distribution function G( m, Hl) ) t=0,1,.

3.5.1. Utility Maximization by the Old Individual

At the beginning of period ¢, the asset of the old individual of dynasty j is ajz.t. She does

not work, and her wealth at the end of that period is xa’, which must be allocated

it
between current c onsumption and a bequest. In her o1d a ge, this individual solves the

following utility maximization problem:
(20) max(, , )Logle}]+ Bloglal,,]
subject to

2
(21) C +a_]t+l —rtajt‘

The solution of the utility maximization problem constituted by (20) and (21) is given by

2

r.a.
22) A=t
@) < B+1
and
2
(23) a? = :Brtajt .
: p+1

Observe that the consumption and bequest of the old individual are constant fractions of
her wealth, and are independent of her beliefs about future prices. Substituting (22) and
(23) into the objective function (20), we obtain the following expression for the utility of
the old individual of dynasty j in period ¢:

2 2

ra: ra>
v2 (aﬂ, ) Log ,Bt+ﬂ1 + BLog ﬂ,61’+ﬂ1

= (1+ B)\Logld% 1+ Loglr])

(24) + pLog[B1— (1+ B)Log[l+ 5]
= (1+ B)(Logla? ]+ Log[r,])
+ m,,
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where

m, = pLog[B]—-(1+ B)Log[l + 5].

3.5.2. Expected Utility Maximization by the Mature Individual

The mature individual of dynasty j in period ¢ solves the following expected utility
maximization problem:

(25) max( )c Log[cjt]+5.|. jt+1( Ajia1s t+1)d [ t+1’a)t+1X(t’ t]

j 123}

subject to
(26) c}r + ai,r+1 = rta_]t + wthjlt
Using (24), we can rewrite the objective function (25) as
Loglc]
+8(1+ ) [Log(a?, ., G (1.0, )0,
+6(1+ ) J.Log( Fia1 dG[( t+1’a’z+1] Tts t ]
+ om,
= Loglel, 1+ 8(1+ B)Log(a’ ..)
+ 5(1 + ﬂ) J.LOg( t+1 )dG[ (rt+1 ’ a)t+l ](’;5 a)t )]

+ om,,.

27)

Maximizing (27) under the constraint (26) yields

ra., +oh
28) ¢ =,
1+5(1+ B)

:» _ _o(1+p) 1
(29) Ajm = 1+ 801+ f) (rt a;+ wthﬂ)

According to (28) and (29), the current consumption and the saving of a mature

individual are constant fractions of her wealth at the end of the period.
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Substituting (28) and (29) into the objective function (27), we obtain the following
expression for the expected discounted utility — for the remaining two periods of her life

cycle — of the young individual of dynasty j in period ¢:

A GRS
e [m + ok

; 51+ )
8 i ﬂ)}a(u/m g[l TR

+8(1+ B) [Loglr, JAG( (101> 0, Y- ,))
+ Om,

(30) -a! i + a),hj, )}

=[1+6(1+ ﬂ)]Log[ra + a),hﬂ]

+ 8+ B)[Loglry WG ( 7y, 0,01 (1o @,)
+0(1+ B)Log[o(1+ B)]-[1+o(L+ B)]Log[l+6(1+ )]
+ om,

= [1+ 501+ B)lLoglrd, + o,k ]
+8(1+ B) [ Loglr, G( (1, 0,1 J(7i, @,))

+my,

where m; =S(L+ B)Log[S(1+ B)]—[1+ 5(1+ B)ILogll+ 5+ B)]+ &m,.

3.5.3. Expected Lifetime Utility Maximization by the Young Individual

The young individual of dynasty j in period ¢ solves the following expected lifetime

utility maximization problem:

LOg[i" (a;)t - eot) - Cl} t+1]
31 maX( r

o +5.[jt+1|:(jt+l’ jt+1)’ t+1’ t+1)}ZG t+1’ t+1 ))
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subject to

(32) ej?t >0,,

(33) a,, 20,

(34 (a?t - ej?t) - a},tﬂ 20,

and

(35) A, =n+zese ] n]7.

Observe that (32) requires education investment to be nonnegative. Inequality (33)
reflects capital market imperfections, which preclude her from borrowing. Inequality (34)
constrains ¢ urrent ¢ onsumption to b e non-negative. F inally, (35) r epresents h er human

capital in the next period, when she is mature.

Using (30), we can rewrite the objective function in (31) as

Log[rt (a;)t - e?t) - a;,m-l]
[1 + 5(1 + ﬂ)]Log(rt-rla},t-i—l + wt+1h;',t+l)

+ 5 + 5(1 + ,B) jLog[rH-Z ]dG((rHZ ’ a)t+2 (rt+1 H wt+1 )) G((rt-a-l 2 wt+1 1(”} ’ wt ))
+m

(36) = Log[r, (aj?t - e?t) - a},t«)—l]
+8[1+8(1+ B)) [Log (1} 1y + @it} )AG((r1 0, )10 2,)
+8*(1+ p) _[“LOg[rtn ]dG((rmz: O X(’”m s Dy ))}IG((”M s Dy X(’:" @, ))

+ om,.

Because the human capital production function and the single-period utility function both
satisfy the Inada condition, the inequalities (32) and (34) will both be strict at the
optimum. H owever, i nequality (33), which embodies the a ssumption o f ¢ apital m arket
imperfections, can hold with equality at the optimum. The following first-order

conditions characterize the solution of this maximization problem:
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r(a; —e;)-a;

(37) Jat+l .
o700k ] e ]
ey AT el
and
3 1
(3 8) r (a(?t - e‘?,) - a;’,t-t—l

, - 0}7[}7]|_y)dG(( T+ x+1X(’?,60,))_<_ 0,

1
t+la1t+1 t+1(77+Z[ Jt jt &l t

+8[1+801+B)] |

with equality holding in (38) if ' ,,, > 0.

J,t+l

When a' ., =0, the first-order condition (37) becomes

Jit+l
9 0 _0 h
(39) et ol1+ 60+ B el [g’]-y =0
(@, <)) n+ 203, ] 1|
Letting
¢
@) K=k

denote the fraction of her inheritance that the young individual of dynasty j in period #

devote to education investment, we can rewrite (39) as follows

1 A AN A
41 _—= J _
R R i 7y )
Equations (42) — (46) represent successively simplified versions of (41).
w GslelBallEl

77+Z[ oToa e |7 sli+o+B

(43) (1“"?’ kel 1 ,
0]}' O[1+8(+ Plyx

W 2
CONNEA A l ([«91‘.),612,]7[ Al +Z[K3ﬂ’

S[1+6(1+B)lyx &h!

1
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o[1+8(+B)lyx

@) [ =——u ) [[ ﬂ ,,]7[817,1?" +x[xf,}’J+[xﬁ,}’,

1 o f-r Y4 0
46 ; . =1.
(#6) (}u+5a+ﬁmw1[°oywarlkﬂ +@+5u+5a+ﬂm%}* :

ey

Observe that the left side o f (46) — when considered as a functionof K;?, — is strictly
increasing. This function is takes on the value 0 when Kf, =0 and a value greater than 1

when «j, =1. Hence there is a unique value of x},,0 <x}, <1, that satisfies (46). Such a

value represents the educational investment — as a proportion of inheritance — made by

the young individual of dynasty j in period . It is clear that Kft rises with innate

abilities, inheritance and the stock o f human c apital o f the w orking generation. In the

simulation carried out in Section 5, equation (46) will be solved numerically.

As for the first-order condition (38), when a,,, =0, it becomes

i+l

1 S[1+8(1+ )]
+ i~y - dG H—l’ t+1 7",,60 ))
0 O]V[Ehl] J- X

1@ =€) n+zlohe
which, with the help of (40) and (41), can be reduced to

o[1+6(1+ B)] | 1
48 i
@) e L G adeal)s oy

(47)

When the young individual of dynasty j in period ¢ spends all of her inheritance on

education and current consumption, it is necessary that inequality (48) holds. Because the

objective function is strictly concave, this inequality is also sufficient for her saving,

namely a’ .., to be equal to 0. Observe that (48) will hold if her inheritance is small or if

Jit+1?
her innate ability is high. It is intuitive that a high innate ability will induce her to favour
human capital over physical capital accumulation. A small inheritance means less
resources are available for current consumption as well as for the accumulation of capital,

physical or human. Furthermore, a low level of investment favours human capital
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accumulation over physical capital accumulation because of the high marginal

productivity of the former.

3.6. Rational Expectations Equilibrium
Let 9= (f,é)) be a price system and D = ((I%,i),((éf,éflé;,éfrﬂ) be a collection of
decision rules that is consistent with @. Furthermore, let (r,,®,) be the price system that
prevails in period ¢ and suppose that all the agents — through time and across generations
— believe that the evolution of the stochastic process (rt,a), ),t =0,1,..., is governed by the
transition distribution function G((rm,a),+1 X(r,,a), )),t =0,1,..., that is defined in Subsection

3.4. The pair (9’,@) is said to constitute a rational expectations equilibrium if, given these
expectations, the choices made by each economic agent in each period are her optimal
choices. More explicitly, the pair (Q’C,D) constitutes a rational expectations equilibrium if

the following three conditions are satisfied.

First, for each j=1,...,m, éjz (x,) is the current consumption chosen by the old individual
of dynasty j in period ¢; that is,

2
na,
p+1

where the right side of (49) is given by (22), which is the consumption level that solves

(49) &)=

the utility maximization problem constituted by (20) and (21).

Second, for each j=1,...,m, é}(x,) is the current consumption chosen by the mature
individual of dynasty ; in period ¢; thatis,

L+ ok
(50) &(x)= 5 T B
1+6(1+ )

where the right side of (50) is given by (28), which is the consumption level that solves

the expected utility maximization problem constituted by (25) and (26).
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Third, for each j=1,...,m, &}(x,) is the educational investment and ¢;(x,) is the current
consumption chosen by the young individual of dynasty ;j who in period ¢. More
precisely, with a;,,, =r[a}, —&](x,)]-¢&(x,), the following versions of the first-order

conditions (37) and (38) must hold:

t+1 [Hoeo(x )Y[ ]l
S[1+5(1+ B)] 580 oo
o TP v i e LR

¥,

- !

- ~ 1
K [a?l - e? (xr )] —d;n

3

and

Y,

141 [ ]l—r )dG((i‘,+1 , CO,HX(’? s @, ))

H‘laj R (77 + Z[go & (x, )]
1

- ~0 1
7; [a?t - ej (xt )] - aj,H-l

S[1+5(1+B)] |
(52)

3

with equality holding in (52) if a',,, > 0.

s t+1

4. THE DATA

To assess quantitatively economic growth and the evolution of income distribution, I
simulate the theoretical model presented in Section 3. In order to perform this task, the

initial state of the system and the values of the parameters of the model are required.

The parameters that require specification are (i) the production function parameter, « ;
(ii) the parameters of human capital accumulation function as elasticity of human capital
level attained with respect to educational investment, y, weight accorded to the existing

stock of human capital, ¢, and parameter representing technological level of the human
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capital accumulation function, y; (iii) the discount factor, J; and (iv) the degree of
altruism, . The production function parameter, ¢, is usually interpreted as the capital

income share. I set o« equal to 0.4. The value of the annual discount factor is
conventionally set to be 0.98. In the set up of the model each period is interpreted as
approximately 20 years, thus the resulting one period discount factor is
& =0.98* =0.67. The parameter y in the human capital production function is adopted
from Heckman (1976) and Haley (1976). In both studies, the elasticity of the human
capital output with respect to the education investment is estimated to be around 0.55,
with a confidence interval ranging approximately up to 0.7. Due to my specification of
the theoretical model, v = 0.7 appears to be an appropriate value. The values chosen for
n,%, and ¢ are somewhat arbitrary, but their values are chosen to make the results of the
simulation more reasonable. The base level of human capital is taken to be equal to 10%
of the human capital of the mature individual of dynasty 1 in period 0. Also, ¥ and & are
set to 1 and 0.5 respectively. The suggested specification of the human capital
accumulation function and the chosen values of the parameters allow the model to escape
from a potential poverty trap. In order to avoid an explosion of human capital
accumulation and, consequently an explosive endogenous growth, S is conveniently set
equal to 0.65. The rate of human capital depreciation is assumed to be zero, and physical
capital is assumed to depreciate completely in every period. The values of the parameters

of the model are summarized in Table 1.

TABLE I
PARAMETER VALUES
Parameter Values
Capital income share, o 0.4
Elasticity of human capital production, y 0.7
Weight of the existing stock of human capital, & 0.5
Technological level of human capital accumulation, 1.0
Rate of time preference, & 0.67
Degree of altruism, 0.65
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The initial state of the system, x, = ((afo, 6% l (a}o, R, l as x;l , Tequires s pecification o f

the initial asset holdings of the three generations of each dynasty and the human capital
of mature individuals. I use the data provided by the Survey of Financial Security of 1999
(SFS 1999) on total asset holdings with pension plans valued on terminal basis to
approximate asset holdings of young, mature, and old individuals.** SFS 1999 uses a
sample that represents all families and individuals in Canada with several exceptions.
Based on the assumption that each period in the model represents approximately 20
years, asset holdings of young, mature, and old individuals are expressed, respectively, as
average total assets of Canadians in the three age groups (i) from 15 to 34, (ii) from 35 to
54, and (iii) 54 and above. To model intra-generational differences in asset holdings, I
use average total assets held by each quintile, thus setting the number of dynasties equal
to five. Table II shows average total assets and shares of total assets held by each quintile

and age group.

To construct the human capital of mature individuals, I use the measure of the stock of
human capital based on the view that the value of the human capital of an individual can
be approximated by the present value of her future income stream.”” The estimation has

been carried out according to the following steps:

First, I formed five educational attainment groups based on the highest level of education.
These groups are: (i) unqualified individuals; (ii) high school graduates; (iit) individuals
with and without a non-university postsecondary certificate and individuals with or
without a university certificate below the Bachelor’s degree; (iv) Bachelor’s degree

holders; and (v) individuals with degrees or certificates above the Bachelor’s degree.

2 To avoid the poverty trap, only positive asset holdings were considered.
 This procedure was first developed by Jorgenson and Fraumeni (1989).
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= TABLE II
AVERAGE TOTAL ASSET HOLDINGS BY QUINTILE AND AGE GROUPS
Age groups
Quintiles 15-34 35-54 55 and above
1** quintile:
Average total assets, (1999 §) 1896 14932 22265
Share, % 0.3 0.9 1.0
2" quintile:
Average total assets, (1999 §) 11708 102872 131344
Share, % 1.8 6.1 5.8
3" quintile:
Average total assets, (1999 §) 44560 207858 284295
Share, % 6.9 12.0 12.5
o~ 4™ quintile:
C} Average total assets, (1999 §) 134719 356087 512789
Share, % 21.0 21.0 22.5
5™ quintile:
Average total assets, (1999 §) 451120 1004369 1337394
Share, % 70.0 60.0 58.2

Source: Survey of Financial Security of 1999, Canada.

Second, I used the data from Survey of Labour and Income Dynamics (SLID) for 1999

on wages and salaries®® of 35, 40, 45, 50, and 54 year-old persons to approximate labor

income of mature individuals of the present model and to model their time-path of labor

income stream, such that after a five-year interval, the income of a 35 years old

unqualified individual can be approximated by that of a 40 year-old unqualified

individual.

%6 Only positive wages and salaries were considered. All earnings were expressed in current 1999 dollars.
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. Third, I constructed estimates of the discounted values of future income streams for all
=~ the five educational attainment groups by using median labor income for each age and

educational attainment group.27

Table III summarizes the stocks of human capital for the mature individuals of each of

the five dynasties.

TABLE III
ESTIMATES OF MATURE INDIVIDUALS’ HUMAN CAPITAL STOCK

Educational attainment groups Stock of human
capital (1999 $)

Unqualified individuals 100137

High school graduates 139951

Individuals with and without a non-university postsecondary
é‘\ certificate and individuals with or without a university certificate
g below the Bachelor’s degree 148505
Bachelor’s degree holders 216800

Individuals with a degree or certificate above the

Bachelor’s degree. 246931

5. SIMULATION

Given the numerous state variables, 25 in total, it does not seem possible to solve the
model analytically. Hence a simulation of the theoretical model has been carried out.® A
numerical solution of the model involves approximating all the decision rules — which are

functions of the state variables. Again, the large number of state variables strains the

21 assumed a constant discount rate and used the 1999 average nominal interest rate on five year
2 guaranteed investment certificates adjusted for core inflation, reported by Bruce et al (2001), as the
- discount rate.

The software package Mathematica was used to perform numerical simulation.
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memory capacity of my personal computer, even when I tried only for a crude linear
approximation of the decision rule involving education investment. Therefore, I have

made the extra assumption that young individuals, besides not being able to borrow, are

not allowed to lend, either. This assumption means that a} =0 foreach j=1,..,m and

S+l
for each ¢ =0,.... The extra assumption allows me to use equation (46) to compute the
education investment — as a share of inheritance — of a young individual from her innate
abilities and her inheritance, as well as the average stock of human capital of the current
working generation. Consequently, mature individuals would have no assets except for
their stock of human capital. The initial state of the economy, with assets of mature

individuals being suppressed, is used to carry out the experiment.

The experiment consists of simulating the evolution of the state of the economic system
through time. It allows a numerical assessment of the evolution of the income distribution
and economic growth. In order to perform the simulation exercise, a calibration of the
technological level of the representative firm, A4 , for the initial period was performed. In
the calibration, the initial yearly gross interest rate is assumed to ber=1.10.
Furthermore, the assets of old individuals are assumed to be the assets at the end of the
period. Thus the assets of old individuals discounted to the beginning of the period and
the part of the assets of the young generation — after the education investments have been
accounted for — constitute the stock of physical capital at the beginning of the given
period. In the simulation, the innate abilities of young individuals are assumed to be

uniformly distributed on the unit interval [0, 1].

6. DISCUSSION OF THE RESULTS
The economy has been simulated for 200 periods. This exercise has provided numerical

series for asset holdings, stocks of human and physical capital, gross output, interest rate

and wage rate.

Page 39 0of 56



To visualize the evolution of the income distribution, I used the results of the simulation

5

e

to calculate the Gini coefficients®® for asset holdings of young individuals and for mature
individuals’ human capital stock.*® Figure 1 depicts the evolution of young individuals’
asset holdings’ Gini coefficient through time. It shows that although initially inequality of
young individuals’ asset holdings was high — the Gini coefficient of the first period is
0.63 — the simulated economy on average is characterized by low level of inequality, with
an average Gini coefficient of 0.29. Figure 1 also reveals that with time the inequality
slightly decreases. On the other hand, Figure 2 indicates that initially the distribution of
the stock of human capital is more egalitarian, but becomes more unequal with time —

although the economy maintains a conventionally low average Gini coefficient of 0.29.

According to the results of the simulation, for a time horizon that is long enough, income
and wealth inequality appear not to persist. Figure 3 depicts the motion of the 1% dynasty
young individual’s asset holdings within the distribution ladder. Initially positioned at the
very bottom of the distribution, she has experienced both positive upward mobility and

negative downward shifts.

The evolution of the aggregate stock of human capital is depicted in the Figure 4. The
evolutions of each dynasty’s stock of human capital are illustrated in Figures 5, 6, 7, 8, 9
and 10. Since the investment in education of each dynasty is dictated by ability
endowment and asset holdings, dynasty 1 initially could be constrained by low asset
holdings. As shown in Figure 5, this dynasty accumulated little human capital in earlier
periods. As time progressed, the dynasty was able accumulate more resources and base
its education investment according to its ability endowment, which in following periods
has resulted in much higher levels of stock of human capital. Figures 6, 7, and 8 shows

that dynasties 2,

C; : % Gini coefficient lies within [0, 1] interval, where zero Gini coefficient corresponds to perfect equality.
3 Gini coefficients were calculated for every tenth period.
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3, and 4 were able to accumulate high levels of human capital in earlier periods. Since
these dynasties were probably less constrained by asset holdings, resulted stocks of
human capital could be attributed more to the path of abilities’ endowments. Higher
stocks of human capital were accumulated in periods when one’s ability endowment was
high. Dynasty 5’s evolution of the stock of human capital is of particular interest. Initially
this dynasty was the richest in terms of asset holdings and easily could afford sufficient
educational investments, but as shown in Figure 9, the accumulated stock of human
capital for the first 100 periods had surprisingly a flat profile, which could be explained
by poor ability endowments. As was mentioned before, in our simulated economy,
income inequality does not seem to persist and the figures depicting the dynasties’
evolution of the stocks of human capital indicate that at some time or another all

dynasties were able to climb to the top of the distributional ladder.

The evolutions of the stock of physical capital and GDP are depicted in Figures 10 and
11. Close examination of Figures 4, 10, and 11 reveals that the aggregate stocks of human
and physical capital, as well as gross output, mimicked each other’s evolution path. Such
close correlation may indicate that in the simulated economy the evolution of gross
output in the long run is mostly determined by the magnitudes of economy-wide
resources and less by the distribution of those resources among the various economic
agents, which in turn could indicate that the market economy is able to allocate
resources efficiently in the long run. In our simulated economy — with the asset holdings
of mature individuals being suppressed — the economy’s stock of physical capital in each
period consists of part of the asset holdings of young individuals — after educational
investments have been accounted for — and the asset holdings of old individuals, which
result from these individuals’ utility maximization in the preceding two periods. In
periods characterized either by uncommonly low ability endowments or mismatch of
opportunities, i.e., individuals with higher ability were constrained by their insufficient
asset holdings, lower levels of aggregate human capital stock and physical capital stock

were accumulated, and, consequently, as shown in Figure 11, lower levels of growth in
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output were realized. Though on average the economy grew at 2.02% per period, growth
{ '; rates varied significantly across periods. In the first 60 periods, the economy on average
grew at a rate of 3.28% per period. In the following 25 periods, the economy experienced

a fall in output, and the average growth rate was 0.48% per period. After these depressed

periods, the simulated economy picked up and again grew at rates higher than average.
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FIGURE 11.- The evolution of GDP

Although GDP might fluctuate in the short term, a rising trend can be observed in Figure
11. Therising tend in GDP can be attributed to the rising trendsin both the stock of

human and physical capital, as shown in Figures 4 and 10, respectively.
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7. CONCLUDING REMARKS

The present paper has attempted to analyze the evolution of income distribution and
economic growth in a model where initial asset distribution is unequal; credit markets are
imperfect; and human capital accumulation is affected by individuals’ random abilities.
The conventional theory predicts that an initial unequal income distribution together with
credit market imperfections and inheritability of assets could lower educational
investment of agents with little initial assets, inducing the initial inequality to persist.
However, as shown by the simulation of the present model, if the time horizon is long
enough, randomness of abilities creates opportunities for human capital accumulation,
even for individuals with low initial wealth. Consequently, mobility within the income
distribution ladder becomes feasible. Furthermore, the results of the simulation exercise
support the idea that merit-based distribution of human capital could be characterized by

some degree of inequality.

More thorough numerical analysis of the present model could be performed if computing
equipment with greater capacity were used. This would allow for a numerical simulation

of the more complex analytical framework described in Section 3 of the present paper.

Abstracting from computational challenges, there are several directions in which the
present analysis could be extended. A constructive extension of the present work would
be to perform a sensitivity analyses. Since numerical evaluation of the analytical model is
used in present paper, investigation of sensitivity of the findings to the changes in the
parameter values is useful for the verification of the results. One possibility would be to
introduce government into the analysis. Government intervention — in the form of taxes,
public education, and education subsidies — could play important role in the real world.
Therefore, a more detailed modeling of the economy could improve the analysis. Another
possibility would be to extrapolate on the details of credit market imperfections and
include endogenous determination of credit rationing by considering family and ability

effects. Many economists suggest that in a market economy more able individuals in
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most cases could find sufficient education funding, irrespective of their economic status.
Last but not least, a possible extension would be to include a more elaborate functional

form for human capital accumulation by considering a combination of formal education,

on job training, and experience gains.
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