This is a Working Paper and the author would welcome any

IMF WORKING PAPER comments on the present text. Citations should refer to a
Working Paper of the International Monetary Fund, men-
tioning the author, and the date of issuance. The views

© 1994 International Monetary Fund expressed are those of the author and do not necessarily
.. represent those of the Fund.

WP/94/47 INTERNATIONAL MONETARY FUND
Reseafch'Debartment

Credit Markets with Diffefénces'in‘Abilities:
Education, Distribution. and Growth

. Prepared by Jose De Gregorio and Se-Jik Kim* .

Authorized for Distribution by Donald J. Mathieson

April 1994

Abstract

This paper addresses the growth, welfare, and distributional effects
of credit markets. We construct a general equilibrium model where human
capital is the engine of growth and individuals differ in their education
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average level of education abilities, the opening of credit markets induces
a more disperse (equal) income distribution.
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Summary

This paper addresses the growth, welfare, and distributional effects
of credit markets. For this purpose, a general equilibrium model with human
capital as the engine of growth is developed. Human capital is accumulated
through formal education and individuals differ in their educational
abilities. Depending on their ability, individuals choose, in early life,
the optimal time allocation between work and education.

The model shows that the optimal decision on the amount of educa-
tion to acquire depends critically on the existence of credit markets.
In particular, it shows that the existence of credit markets induces
specialization. Credit markets, by allowing individuals to smooth
consumption through borrowing and lending, permit them also to specialize
according to their comparative advantage (either education or work) to
maximize human wealth. In contrast, in the absence of credit markets,
individuals’ decisions on specialization would be limited, since they
would have to spend their youth both working and acquiring human capital.

We show that specialization, allowed by the existence of credit
markets, unambiguously increases the rate of growth of the economy.
The introduction of credit markets allows the more-able to specialize
in education and the less-able in working, which enhances the economy’s
average efficiency of education. In response to this increase in
efficiency, the total amount of time devoted to education in the economy
may also increase. It may also be possible that the total time devoted to
education declines, but this decline would not offset the increase in the
average efficiency of education. Hence, in both cases, human capital
accumulation and, consequently, growth increase. In addition, credit
markets allow a more beneficial intertemporal allocation of consumption.
The positive effects of credit markets on growth and on the intertemporal
allocation of consumption lead to an increase in welfare for all current
and future generations.

The paper also shows that in economies with a high (low) average level
of educational abilities, the opening of credit markets will induce a more
disparate (equal) income distribution. In economies with a high level of
educational ability, most of the population will spend a large amount of
time in education, which will enlarge earning differentials. In contrast,
economies with a low level of educational ability, where few people acquire
education, the majority will have the same level of earnings since they do
not receive education and hence ability, which is the only source of
differentiation, will not result in increased income differentials.






I. Introduction

This paper addresses the growth, welfare, and distributional effects
of credit markets. In particular, we examine the effects that the existence
of credit markets have on specialization. Credit markets, by allowing
individuals to smooth consumption through borrowing and lending, permits
them also to specialize in either education or work to maximize human
wealth. In contrast, when credit markets are not open, individuals
decisions on specialization will be limited, since they will need to spend
their youth on both working and acquiring human capital to smooth
consumption.

The role of credit markets on economic growth has long been
investigated by economists. Most prominently, Goldsmith (1969), McKinnon
(1973) and Shaw (1973) argue that financial markets can have important
effects on economic development. On the one hand, credit markets allow
a larger proportion of savings to be channeled to productive investment;
thus, they increase capital accumulation. On the other hand, they allow
investment opportunities to be exploited more efficiently, and hence,
they increase the returns to capital accumulation.

More recently, several authors have provided formal underpinnings
to the interactions between financial markets and economic growth. 1/
Bencivenga and Smith (1991) have examined the effects of financial markets
in fostering savings in illiquid, but productive, assets. Greenwood and
Jovanovic (1990) show how financial markets foster growth through better
use of information, which in turn reinforces the creation of financial
intermediaries. Along similar lines, Saint-Paul (1992) presents a model
where financial markets allow individuals to diversify risk, while allowing
firms to use more productive, but less flexible and hence more risky,
technologies. The role of financial markets in allowing innovation and
entrepreneurship is discussed in King and Levine (1993). Finally, De
Gregorio (1993) discusses the role of financial markets in the accumulation
of human capital vis-a-vis the accumulation of physical capital.

As explained above, in this paper we focus on a different channel:
specialization. We present a general equilibrium model with two-period
overlapping generations and heterogenous agents. The engine of growth in
our model, as in Lucas (1988), is human capital, which is accumulated
through formal education. 2/ The technology for human capital accumu-
lation is linear, which allows endogenous growth.

1/ For overviews of the empirical and theoretical literature see Fry
(1993), Greenwood and Smith (1993), Pagano (1993), De Gregorio and Guidotti
(1993), and King and Levine (1993). The last two papers also present
empirical evidence.

2/ The empirical relevance of human capital as an engine of growth has
been most recently documented by Barro and Lee (1993) and Benhabib and
Spiegel (1993).



A distinguishing feature of our model is that we introduce differences
in education abilities. More concretely, for a given amount of time spent
in education, individuals differ in the amount of skills they have in
adulthood. Depending on their abilities, individuals choose, in their early
stage of life, the optimal time allocation between work and education. The
amount of education also depends critically on the existence of credit
markets. The key role of credit markets is to allow individuals to borrow
and lend to choose their optimal consumption plan. This possibility of
financing through credit markets allows individuals to specialize in what
they have comparative advantage. Individuals spend all of their non-leisure
time of youth in either education or work to maximize their human wealth
because of the linearity of returns to education (as in De Gregorio (1993)).
In contrast, in the absence of credit markets, individuals cannot trade
financial claims to smooth consumption, and therefore, they cannot
specialize to maximize human wealth. In particular, individuals that in the
presence of credit markets would spend all of their youth in education, will
have to work a fraction of their time in order to have positive consumption.
Individuals that would specialize in working, would also have to acquire
some education because the only way they can save for the future is through
increasing skills. 1/

We show that specialization, allowed by the existence of credit
markets, unambiguously increases the rate of growth of the economy. The
introduction of credit markets allows the more able to specialize in
education and the less able in work, which enhances the economy'’s average
efficiency of education. In response to the increase in the efficiency,
total amount of time devoted to education in the economy may also increase.
It may also be possible that total time devoted to education declines, but
this decline will not offset the increase in the average efficiency of
education. Hence, in both cases, human capital accumulation and, conse-
quently, growth increases. In addition, for a given set of initial
conditions, the feasible set of individuals increases in the presence of
credit markets, and hence, together with a positive growth effect, we
conclude that credit markets increase welfare for all current and future
generations.

The heterogeneity of agents introduced in our model also allows us
to address the issue of income (wealth, and utility) distribution. 2/
We show that in economies with high (low) average level of abilities to
accumulate human capital, the opening of credit markets will induce a more
disperse (equal) income distribution. The result for the case of high

1/ The model assumes that in the absence of credit markets individuals
cannot save and cannot borrow. The existence of a storage technology,
through which individuals could save, could be easily introduced in the
model, but would wunnecessarily complicate it.

2/ For the issue of growth and income distribution in models with
imperfect credit markets see Banerjee and Newman (1991), Galor and Zeira
(1993), and Perotti (1993).



ability economies is in conformity with Becker (1964), who argues that
although skill may not be so disperse in the economy, earnings dispersion
may be enhanced by education. In our model, in high-ability economies most
of the population will spend a large amount of time in education, which will
enlarge earning differentials. In contrast, in low-ability economies, where
few people acquire education, the majority will have the same level of
earnings since they do not receive education and hence the only source of
differences, abilities, will not be used to increase income differentials.

The paper is organized as follows. Section II describes the equili-
brium growth in the economy without credit markets. Section III does the
same when a perfect credit market is open. The main results are presented
in sections IV and V. In Section IV we show that credit markets increase
growth and analyze the impact of changes in the average and the dispersion
of abilities. Section V contains the discussion of welfare and distri-
butional effects of the opening of credit markets. Finally, the conclusions
are presented in Section VI.

II. The Economy without Credit Market

This section presents an endogenous growth model with heterogeneous
agents in the absence of credit market. The model economy consists of a
large number of heterogeneous agents, who live two periods. It is assumed
that each agent maximizes the following two period utility function:

Uee,erce,e+41) = ulee, ¢) + Buler e41), (1)

where c, ., is consumption during period 7 of an individual born at period t
and B is the subjective discount factor. Further, it is assumed that the
momentary utility function takes the logarithmic form:

u(cg 4) = log e, r- (2)

All agents born at time t are assumed to have the same level of human
capital, equal to h,. They are endowed with one unit of non-leisure time in
each period of their life. When they are young, they can invest in human
capital, by devoting v unit of time to education, which is provided free of
charge. Because of the absence of capital markets, however, they cannot
invest in financial assets. Agents'’ income is derived from labor income
proportional to his time spent on labor, (l1-v). When young, the j-th
individual faces a budget constraint of the form:

CC,C =wt(1-vj)ht, (3)

where w, is the real wage rate at time t.
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When old, the agent derives his income from effective labor and spends
all of it on consumption.

ce e+l = weslhd,g. (%)

Although individuals cannot hold financial assets, they will engage
in intertemporal smoothing by adjusting time devoted to human capital
accumulation. It is assumed that human capital accumulation for individual
Jj is a linear function of time spent on formal education, vJ, as follows:

nd

Ji1 - be = 8Jvin,, (5)

where 8J represents how efficiently agent j produces human capital. Note
that all individuals are born with the average level of skills of their
parents’ generation, h,. Therefore, there is an intergenerational
externality, by which the aggregate level of skills of parents’ generation
is transferred to their children. At the individual level, however, parents
cannot increase by themselves their offsprings’ level of skills. 1/ The
level of human capital in period t+1 is defined by:

1,J . 4
heyy = fo b di.

A distinguishing feature of this model is that each agent has different
education ability. For simplicity, it is assumed that human capital
efficiency parameter &J is non-negative and uniformly distributed among
continuum of individuals indexed by j € (0,1) in each cohort as follows:

6J=bj+(m-.12’.). (6)

Here b reflects the degree of the difference in education abilities
across agents and m is the average level of education efficiency of the
economy. Indeed, given the distributional assumption on j, the random
variable &J is uniformly distributed in the interval [m-b/2, m+b/2], with
an average of m and variance of b2/12.

l/ Galor and Tsiddon (1994) call this type of externality global
technological externality, and distinguish it from home environment
externality, by which parents affect directly the ability of their children
to increase skills. They show that the two types of externalities have
opposite implications for the evolution of income distribution.



As argued before, intertemporal smoothing will be achieved through
education. To see this we can combine (3) and (4) and use the equation for
human capital accumulation, (5), to obtain the following intertemporal
budget constraint:

wr(l = v)ep pa1 = wpa1 (1 + 8Jul)ep ¢ (7)

The agent chooses consumption and educational investment to maximize
utility, taking prices as given. Equation (7) reveals that in the absence
of capital market, the only intertemporal linkage stems from human capital
accumulation. Under the assumption of interior solutions, the first-order
condition of agent j takes the following form:

u (e, t) = U (eg, +1) B8 wpan/or, (8)
which under the assumption of logarithmic utility function, implies
c Py
RLTLALINTS SRy (9)
Ct,t : ; '

On the side of firms, a constant returns to scale production function
of effective labor is assumed as follows:

Yo = AHg, o (10)

where H represents effective unit of labor employed, and A is the marginal
product of effective labor. Along the balanced growth path, the marginal
product of effective labor remains constant, which generates endogenous
growth.

Firms choose optimal effective labor to maximize the firm value, taking
prices as given. The firm’s first-order condition for optimal employment
is: ' : :

A = We, (11)

which implies wage rates are constant over time.

The economy without capital market behaves like an economy consisting
of a large number of Robinson Crusoes. The optimal choice of time
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allocation on education for each agent can be calculated using (5)-(11l) as
follows: 1/

pi=_B8I-1 (12)
(1+8)87

The corresponding consumption in each period of life is given by:

ct,t =Aht [_i], (13)
(1 +p8)s)

J (14)
Ct,t+1 = Aht [i(]:,lﬁ."f—)].

Then the steady-state growth rate of this economy in the absence of
capital market (gA) can be calculated as the average of the growth rates of

all agents as follows:
g4 = heai/he -1
L} sivid;j
B/ [ 69dj - s+ p)) [ aj
(B/(1+8))m - (1/(1 + B)).

Notice that in the absence of capital market the growth rate of the
economy depends on the average level of talent m, not the variation of
talents, b. The lower the average talent level in the economy is, the lower

is the growth rate.

1/ 1In order for all individuals to have positive v/ we assume that
B(m-b/2)>1. Relaxing this assumption does not change the main results of
the model. If we suppose there are some individuals with &§J<1/8, they will
decide not to accumulate human capital in both cases, with and without
credit markets. In this case, however, the positive growth and welfare
effects discussed in sections IV and V still hold.



I1I. The Economy with a Perfect Credit Market

The model economy in this section is identical to the heterogeneous
agent model in the previous section except the presence of a perfect credit
market,

The introduction of credit market allows agents to invest in financial
assets as well as human capital. When young, the individual j faces a
budget constraint of the form: '

e, e *bea1 = we(l - vDhy, (15)
where bt+1 is the demand for bonds. -

When old, the agent derives his income from bonds and effective labor,
and spends the net income for consumption.

e e+l = (1 + rea1dbesy + wt+1hg+1, (16)

where Tl is the real interest rate on bonds.

Contrary to the case of absence of credit markets, individuals can now
use financial assets to do intertemporal smoothing, and they use education
to maximize human wealth. This is a consequence of the fact that education
has no direct effect on utility, and therefore the educational choice is
made to maximize wealth as implied by the Fischer separation theorem. To
see this, we can combine equation (15) and (16) into the following
intertemporal budget constraint: ' o

J
cresl _ L wr+lhgy) (17)
et iyt et TRt

The agent chooses consumption, educational irivestment and debt holdings
to maximize utility, taking prices as given. The first-order conditions
take different forms depending on the education ability of agents. Writing
the lagrangian of individuals’ optimization problem we have that: '

- J
Cr,t+l i @e+lhpyg
£ = u(e + Bu(c -xle + ’ -wp(l -v))RE - )
(ce,e) + Puler, es1) , Bt " Toreal . tu, _ * re+l(18)
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Regardless of their education abilities, all agents choose the slope of
the consumption path according to the following Euler equation:

w (cp,e) =u (cr,e+1)BIL *+ rea1l. (19)

Nevertheless, the optimal choice of vJ will depend on abilities of each
individual. Since the Lagrangian is linear in v/, individuals will choose
(except for one at the margin) either vJ=I or vJ-O Substituting (5) into
(18), and then differentiating with respect to vJ we have that:

af §J
=y + W . (20)
) t T+ Tt+l e+l

Using the fact that wages are constant over time, the optimal choice of
vl is:

1 if 651erpyy

v = (21)

0 if sJ<lerp,y .

With the existence of capital markets individuals will choose to do
intertemporal smoothing by borrowing or lending in the credit market, while
they will use education to maximize human wealth.

There will be an individual in the margin, j*, such that,

8j*=1 +rt+1' (22)

Thus, all individuals with abilities above j* will specialize in education.
In order to consume while they are young, they will borrow in the capital
market and repay when they are old. On the other hand, individuals with
abilities below J will not acquire any education, since for them it is
optimal to work when they are young, and to save for the second period, what
represents a better alternative to "savings through education.” Agent j
indifferent between investment in human capital and financial assets, since
the rates of return from these two investments are the same. This J -th
agent is important since this agent's human capital efficiency (8J%) is
directly related to the interest rate of the economy, as shown below.

Finally, to complete the description of the consumer problem, it can be
shown that the consumption path for individuals with J>J will be given by:



_ 1+6J
Ct,t Ah, [(1+ﬁ)(1+rt+l)}’

J (24
ct,¢+1=Aht Hﬂ(lzs ):l. )

while the consumption path of individuals with j<j* is:

(23)

_ 2 +res (25)
Ct,t = Aht[(l + ﬂ)(l + rt+]7:|,
(2 + )
Ce,t+l = Aﬁt[———l—ﬂ—ﬂ ftd ] (26)

Note that consumption of individuals with j<j* does not depend on &J,
since they do not accumulate human capital. In contrast, in the economy
without credit markets, all individuals accumulate human capital since it
is the only intertemporal link available to individuals.

In this economy, a competitive equilibrium is determined as follows:
The consumer'’s maximization problem yields a set of demand functions for
consumption and bonds, and a supply function of human capital. Likewise,
the firm’'s optimization behavior yields a demand function for human capital
and a supply function for output in terms of price parameters. The
equilibrium growth rate and rate of return are then obtained from the market
clearing conditions. The goods market clearing condition or resource
constraint of the economy is as follows:

Ct = Yt (27)

where C, is aggregate consumption of the economy and Y, is aggregate output.
Note that this condition is equivalent to the financial market equilibrium
condition by which there must be zero net supply of financial assets

including interest payments (i.e.,[3blsdj+[3(1+r )bidj=0).
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Implementing the market clearing condition, we focus on the case where
c
output, consumption, and human capital grow at the same rate g“. 1/ Then
we can establish the following result on the relation between the steady-
state growth and interest rates:

Proposition 1:

Proof: See appendix A ||

The proposition tells us that along the balanced growth path the
equilibrium interest rate is equal to the growth rate.

Under the assumption of uniform distribution of ability given by (6),
equation (22), together with the fact that gc-r, yields a relation between
the growth rate and the equilibrium j* as follows:

1+gC=bj*+[m-_g_]_ (28)

Another relation between the steady-state growth rate and j* can be
obtained from the expression on human capital growth. The aggregate human
capital of this economy at period t+l (hy ;) is determined by the sum of
individual human capital accumulation at period t as follows:

hesp = J.ol (1 + 6Jvl)hed;. (29)

Then, the balanced-path growth rate of aggregate output and human capital is
(analogously to the case of no credit market):

l/ The transitional dynamics off the balanced growth path are
complicated. However, we can show that under some mild assumptions the
steady state is stable.
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c . . .
g~ = hey1/he -1
- [Esivde;
(30)
r ¥ . . rl : :
= Jd (bj +m -b/2) x0dj + J'*(bJ +m -b/2)x1dj
J

= b1 -j*2)/2+ (@m-b/2)(1-j*.

The steady state equation system is summarized by equations (28) and
(30), which can be solved for the two unknowns gC and j*. The equation
system has a unique solution that yields a non-negative j*. The solution
for j* and gC are as follows:

/2
el af sl

and

/2
8C=-(1+b)+{(1+b)2+[m+g]2—1]1 . (32)

Accordingly, in this model, a sustained growth can be achieved. And
the resulting endogenous growth rate is a function of the first and second
moment of the distribution of abilities, contrary to the absence of credit
-markets case where growth depends only on the first moment.

IV. Growth Effect of Credit Markets

The magnitude of the growth effect of credit markets can be calculated
by the difference between the growth rates in the presence of credit markets
and in the absence of them:

1/2
2
Ag EgC - gA = —(1+b) + [(1+b)2 + [m + _g_ - 1:| _ ﬂm+‘ 1. (33)

The magnitude depends on three parameters: average and variance of education
abilities, and subjective discount rate. Within the appropriate range for
these parameters, it can be shown that more efficient allocation made
possible by the existence of capital markets brings a positive growth
effect. The main result can be summarized as follows:
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Proposition 2:

Ag>0 and 2_(3‘:%)>0

Proof: See appendix A Il

The main result of this proposition (Ag >0) is strong since it
that credit markets unambiguously increase the rate of growth of the
economy. The intuition behind this result is as follows. The introduction
of credit markets allows the more able to specialize in education and the
less able in work, which enhances the average efficiency of education per
unit time of the economy as a whole (from [}s/dj to J}.&de/ (1-j*)). 1In
response to the increase in the efficiency, total amount of time devoted to
education in the economy may also increase, in which case human capital
accumulation and, consequently, growth increases. It may be possible,
however, that total time devoted to education declines, but this decline
will not be large enough to offset the increase in average efficiency of
education, and hence, the rate of growth will still increase.

UQ

Another important implication is that in economies with high average
level of abilities, the growth enhancing effect of credit markets is
greater. The reason is as follows. In both cases (with and without credit
markets), economies with higher m have a higher rate of growth. However, in
the presence of credit market the increase in m has a bigger effect on human
capital accumulation since the time devoted to education is at its maximum
(v=1) while it is less than one in the absence of credit market,.

The effects on aggregate level of education of m can be also examined.
It is straightforward to show that:

aj* (34)
- <%

which implies, quite naturally, that increases in the average level of
abilities reduces j*, so more individuals will engage in education when

young. 1/

Unlike m, the effect of b on growth is ambiguous. The sign of the
effect depends on the values of b and m. Figure 1 depicts the relationship

1l/ Since vi=1 for j>j* and zero otherwise, total time spent in education
is equal to l-j*
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Figure 1
Effect of b on growth differentials
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between Ag and b for three sets of parameters. 1/ It can be established
that for values of b large enough there is a positive relationship between
Ag and b, but for smaller values of b, that is small dispersion of skills,
changes in b can either increase or decrease the growth rate in the economy
with credit markets. To understand this result we first examine equation
(30) (recall that b does not affect the rate of érowth in the economy
without credit markets). For a given value of j*, an increase in b will
increase the growth effect of credit markets since average skills of
individuals that choose v=1 increases with b (only increases the upper
portion of the distribution of individuals with v=1). However differen-
tiating equation (31) it can be seen that the effect of b on J

ambiguous. Therefore, the positive effect of higher average skills for a
given j* may be outweighed by a decline in total time devoted to education.

V. Welfare and Distributional Effects of Credit Markets

In addition to growth effects, the model can be used to examine the
effects that credit markets have on welfare and income (or utility)
distribution. Consider first the welfare effect. Using the expressions for
consumption derived above it is possible to compare utility for all agents
in the presence and in the absence of credit markets. The comparison is
presented in Figure 2, for all individuals of the young generation borm with
the same h, in both cases (with and without credit markets). The schedule
ClCl represents utility under credit markets, and NIN1 utility when no
credit markets are open.

It is obvious that utility in the presence of credit markets will be at
least the same as that in the absence of credit markets since the maximi-
zation problem of individuals in the presence of credit markets have a
larger feasibility set (by allowing them to choose b,,;). However, the
expansion in the feasibility set does not necessarily imply an increase in
welfare for all individuals. Indeed, the marginal individual J does not
benefit with credit markets. Since intertemporal rate of substitution in
the case of credit markets (1l+r) is the same as that of no credit markets
(SJ*), his resource allocation is identical in both case. Hence, he attains
the same level of utility with or without credit markets.

However, it 15 easy to see that for all J#J utility increases. First,
all agents below J have higher utility than what they could get in the
absence of credit markets, since they do not use their inefficient
technology for accumulation of human capital anymore. Regardless of their
abilities, the individuals in this group have the same level of utility
since they do not accumulate human capital. Of course the most benefitted

1/ For presentation purposes we have rescaled all simulations to start at
100 when b equals 0. Nevertheless, as we formally show in proposition 1
growth differentials are increasing in m for all values of b, and hence,
the figure only reveals the shapes of the relationship between b and Ag, and
not the levels.
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are those individuals with the lowest skills to accumulate human capital.
Carmrand all {individiiale with i ahava * alen hanafi+r Fram amandine all +h

PTLVAL, QGidi LdulUAVAGUGLDS WAl § auVuve J GLOVU UCUTLLIL LVl SpSLuGLilg aid \—lle

youth in education. Within this group, those with higher j enjoy smaller

incraace in 1 (n’c-n’A ig decreagsing in 1\ hiit larear insrasea In vw+-il1iey
e B AN b ot Tl T - 4 “‘—U‘-‘rgﬂ‘[lb e bd Lo ‘.“‘-6\". e kA B e A D N bbb LR A A

due to the increase in human capital accumulation since their § is a
larger. Since the latter effect dominates the former, the benefit f

existence of credit markets also increases with j.

Furthermore, the fact that utility of individuals in the current
generation increases or at least remains constant when credit markets are
introduced does not necessarily imply that welfare must increase. We need
to examine in addition if the utility of future generations also increases.
In our framework, however, the increase in utility of future generations is
guaranteed by the fact that the rate of income growth increases, as we have

already shown. Hence, it is immediate to show that:

Propositjon 3: Starting with the same initial conditions all individuals
have higher or equal utility in the economy with credit markets.

Proof: See appendix A |

Another important issue iIs the effect of credit markets on income
and utility distribution. The effect depends critically on the level of
education technology. First, consider an economy where most people spend
their youth in education (i.e., J is close to zero). This can be
considered a case of a high value of m (a very skillful economy), and
therefore, as proposition 1 shows, an economy in which the growth effect of
credit market is very large. In this case, as can be seen from the top
panel of Figure 3, utility, and also income, distribution tends to be more
unequal in the presence of capital markets. Alternatively, consider the
opposite case, where few people accumulate human capital (i.e., J is close
to one). As the bottom panel shows, utility distribution in this case is
more equalized, since the factor that causes differentials (abilities
enhanced by education) is not fully utilized.

To discuss more formally the effects of credit markets on the distri-
bution of utility for the case where j is close to zero we can compare the
Lorenz curves in the presence and in the absence of credit markets. 1/

The slope of Lorenz curve for the j-th agent is:

LAl %)y (35)
Jo UX(i)di -

.1/ The analysis for j* close to 1 is analogous, and it will not be
discussed further.
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Figure 2
Utility Distribution and Changes in m
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Figure 3
Distributional Effects: Extreme Cases

U C
UG)

u'G)

0j* 1
U
K()
T [
U'(j)







- 15 -

The following result can be established:

Proposition 4: For any j* < ju*, where j*u is defined by:
Coi*y (L yArinag; - A 1,C;iva; 16
U (Ju)JI'O UA(iydi = u4(0) ,|ro vC(iydi, (36)

the utility distribution is more unequal in the presence of credit markets
than without them.

Proof: See appendix A ||

The proposition tells us that in economies with high average level of
abilities (those where equilibrium J is at most J*u, and hence total time
devoted to education is at least 1-j u) the opening of credit markets will
induce a more unequal utility distribution. This propositlon is illustrated
in Figure 4, where the dashed (solid) Lorenz curve, (L ), represents the
case of absence (presence) of credit markets. The flgure shows that
condition (36) insures that the "normalized" indirect utility
UA(J)j%UC(l)dl/j%UA(l)dl cuts the j=0 axis above UC(J) (for all J*<J w) -

The figure also shows that below (above) Jj’ the slope of 14 is greater
(less) than that of 1€. This implies that L1A<LC , and hence utility
distribution deteriorates.

To sharpen intuition for the previous results and see how the utility
distribution results extend to income distribution, let us consider income
distribution for the old generation in an high ability economy. For the
simplicity of exposition, consider a case where almost everybody accumulates
human capital when they are young.

In general, the sources of income dispersion are differences in v/ and
8J across individuals, since effective labor of agent j grows at a rate
sjuJ. In the case of no credit market both &/ and v/ are increasin § in j.
Using equation (12), the variance of vJsJ is equal to V(SJ)BZ/(1+B) , where
V is the variance operator. In the case of credit markets, however, almost
everybody accumulates human capital with vJ=1. Hence, the only source of
variability is the dispersion of sJ. The corresponding variance of income
will be V(&J), which is greater than in the case of no credit markets.
Despite the fact that the only source of variability is 8J, income
distribution is more unequal in the presence of credit markets because by
spending the maximum time available in education, the dispersion of skills
is maximized. In contrast, in the absence of credit markets, the difference
of abilities does not translate in large differentials of skills since the
amount of education is reduced. This effect resembles Becker's (1964)
argument that although difference of abilities may not be large enough,
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education tends to increase income differentials. We can add that this is
reinforced by the existence of credit markets.

Therefore, we can conclude that when the growth effects of credit
markets are very large (i.e., j* is close to zero), the income differentials
are also large. The opposite happens when growth effects are very low
(i.e., j* is close to 1). 1In intermediate situations, there is no monotone
relationship for the distributional effects of credit markets. However, as
shown above, the existence of credit markets represents in all cases a
Pareto improvement.

The effects of average education ability m on utility and distribution
are also interesting. In figure 2, the schedules C2C2 and N2N2 represents a
situation where m is higher than in the situation depicted by C1Cl and N1N1.
An increase in m has a positive impact on utility of agents regardless of
the existence of credit markets. However, as (32) shows, j* declines with
an increase in m, and hence, individuals in the interval (ji,j3), will engage
in education with a higher level of average skills, which tends to enlarge
the income differentials.

VI. Concluding Remarks

This paper shows that credit markets unambiguously increase growth and
welfare by allowing individuals to specialize. In the presence of credit
markets, individuals with high level of abilities can devote all of their
youth to education, while the less able can decide to become full-time
workers. 1In contrast, in the absence of credit markets, individuals have to
perform both activities during their youth. The more able individuals are
part-time workers since they cannot borrow, and the less able are part-time
students, since they can save only by transferring labor (through increasing
skills) to the future.

The current model allows for some natural extensions. Although not
conclusive, the evidence suggests that there is a U-shaped relationship
between income distribution and the degree of development as suggested by
Kuznets (1955). A closer examination of the dynamics of the model might
provide some conclusions about the conformity of our model with this
stylized fact. In addition, we can think that due to setup costs, credit
markets start to develop after certain threshold level of income is
achieved. In this case our model would predict that when capital markets
are created there is a discrete increase in output, and income distribution
becomes more unequal (equal) if the average level of abilities in the
economy is high (low). To extend the model in this direction, one could
explore the effects of changes in average abilities (m) and the dispersion
of abilities (b) in the process of development. 1/

1/ 'One alternative, for example, is that as countries develop and
integrate to the world economy m and b may catch-up the world levels.
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In the current framework, specialization refers to whether individuals
decide to be students or workers since the activities that individuals
perform in their youth are to accumulate human capital or to work. However,
the idea of a positive growth effect of specialization could be also applied
to other types of specialization. For example, we can consider the alter-
native activities as being to become an entrepreneur or a worker. If the
only way to transfer income to the future is by being an entrepreneur and
credit markets are not available, all individuals would have the incentive
to become, at least for some part of their time, entrepreneurs. With the
opening of credit markets, however, an optimal degree of specialization
could be attained. This specialization would increase economic growth and
welfare.
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APPENDIX : Proof of Propositions

Proof of Propogition 1:

To write down the market clearing condition by aggregating all
consumers’ consumptions and incomes, we have that aggregate consumption is

_ 1 1 s - ' » . .
Ct-—Jb cg,tdj +Jb CELI,th’ - (A.1)
and aggregate income (production):

Ye =J'01 (1 - vl)ywehedj + J'ol (1+8Jvdyhp_jwpd], (a.2)

where the first integral on the right hand side is income of the young
generation and the second one is the income of the old generation

steady state h, and c; .,, grow at the same rate gc (for
write the equilibrium condition as follows:

Since in
7=0 or 1), we can

. A.3)
1 . . CE, e+l 4, 1 _ wr+1he jj (
IO ct,th + JIO de wehye IO 1 vj)dj T:_g_?’, (1 + 8§Jvlydj.

On the other hand, note that the resource constraint or goods market

clearing condition of this economy can be also derived from the sum of
budget constraints of all individuals. Integrating equation (17) over all
agents we have that:

. ;@
J . t,t+l - -
Jo ed.edi + fo oy 4 = wehe Jo @ -vhase -1——t+1 fo Bdadi

= 1 _ g weslhe 1 Jodvd s
-wth,_.J'o (1 - ) + 17'1'7.—71.[0 (1 + §dudydj.

Comparing equations (A.4) with (A.3), it can be seen that both expressions
hold only if g =r. I
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Proof of Proposition 2:

The first part of the proof establishes that 8(Ag)/dm > 0 within the
appropriate range of the parameters. To decide the range, the following
information is used. First, it is obvious that b, which represents a
variance, is non-negative. Second, since we assume all individuals in the
non credit market have a positive investment on education, the following
inequality holds: 1/

mz.g.+%.' (A.5)
Denote:
b\2 /2
) sop | @0 8
om l(m+b)2 +b2 + 2b T+B

It is easy to verify that for any b the above expression valued at the
minimum m (= b/2+1/8) 1is greater than zero. Now it can be also shown that,
for any given b, 3x/dm > 0. Hence y is always positive within the above

' parameter range. Given that Ag is increasing in m, to complete the proof
that the growth effect is positive it is enough to show that for the minimum
values of m (depending on b) the expression Ag is greater than zero. For
this we first consider b=0, which is the minimum b. In this case the
minimum value of m is 1/8, and hence the last term at the right hand side of
§ g is zero, and the expression in square brackets is greater than 1+b,
which implies that Ag valued at the minimum m and b is positive., It can be
also shown that Ag valued at the minimum m is increasing in b, which implies
that Ag valued at the minimum m's (for any b) are positive.

Then it follows that for any b the growth effect of credit markets is
positive. I

Proof of Proposition 3:

Given the same initial conditions, figure 2 shows that individuals
allowed to borrow and lend have higher (or equal for j*) utility than those
not allowed. In addition, the economy with credit market has a higher rate

1l/ Relaxing this assumption does not change the main results of the
proposition. For example, under the very weak assumption that education does
not have a negative effect on human capital accumulation (that is, all &J
20), it can be shown that the proposition still holds.
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of growth (proposition 1) consequently all current and future generations
are better off with credit markets, except individual j* in the first
period. l

Proof of Proposition 4:

(i) For 0 < j s j¥,

Condition (36) insures that the "normalized" indirect utility
UA(j)j%UC(i)di/j%UA(i)di cuts the j=0 axis above UC(j). Hence, as
illustrated in Figure 4, the slope of the Lorenz curve for credit market
case at j=0 (= UC(O)/j%UC(i)di) is not greater than that of non-credit
market case (-UA(O)/I%UA(i)di). Furthermore, since Uc(j) is constant for

all jsj* and equal to UC(j*), and UA(j) is increasing in j, the slope of the
Lorenz curve in the presence of credit market is flatter within all of the
above range. Hence, the Lorenz curve in the case of credit market is below
that of non-credit markets. ' ‘

(i1) For j¥ s j < 1,
Using the expressions for consumption of agent j, above j*, we can
derive the following:
Ul Iol UAi)di - UA() J'Ol UC(i)di = (1 + p)log(l + r) [log(l + §J)
-Iollog(hsi)di] + [(1+8)log(4h,) - log(1+B) (A.6)
iv_(1 iygs
+BlogE _-log(1+r)] [Llog(s))-[ 10g(s1)di]
[eT)) 0
+(148) [1og(sJ)J'Ollog(1+51)d1-10g(1+5J)J’ollog(.sl)di] .

After some algebra, it can be shown that the above expression is
monotonically increasing in j and negative at j*. Since

J'Ol we Iol vA(i)di - UAQ)) J'ol vC(i)di]dj = 0 (A.7)

it follows that there exists a unique value j’ ¢ (j*, 1) that satisfies the
following relationships:
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For j < j’

vl [3 vAwa -vAy) 5 vl <o,

and for j>j’

uC) fg vAwas - A\ [ vénar> o,

which implies that the slope of the Lorenz curve in the case of credit
market is flatter around j = j* (up to j’) and steeper around j = 1, and
furthermore, that the Lorenz curve in the case of credit market is below
that of non-credit market.

It follows from (i) and (ii) that Lorenz curve in the presence of
credit markets is below that in the absence of credit markets. Then,
utility inequality indices, such as Gini coefficients, are larger in the
presence of credit markets. I
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