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Abstract

This paper contributes to the literature on redistributive taxation and human cap-
ital dynamics by explicitly analyzing the role of incentives in the education market
where human capital is produced. We introduce an explicit education market with
heterogeneous private schools in a dynamic stochastic general equilibrium model with
overlapping generations and human capital accumulation. We use the model to simu-
late the effects of taxation on growth, intergenerational mobility, inequality, and wel-
fare. Equalization in education expenditures reduces incentives for differentiation in
the education market, with the distribution of education investments shifting towards
the least productive schools. This has significant consequences on equilibrium out-
comes, and highlights the importance of incorporating the role of intermediation when
analyzing redistribution policies.
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1 Introduction

Analyzing the role of education funding on growth, inequality, and educational mobility has
been an active and important area of research over many years. This paper studies the
dynamic effects of different funding schemes in an intergenerational model in which parents
optimally choose how much to invest in the education of their children. While the previ-
ous literature has not paid close attention to the characteristics of the underlying education
market, we incorporate this market explicitly. In particular, we analyze how different redis-
tribution schemes change incentives in a competitive market with heterogeneous producers.
In that sense, this paper combines the literature on competition in explicit school markets
under different funding regimes (Epple and Romano (1998, 2008), Nechyba (2000), MacMil-
lan (2004), Urquiola (2005), Ferreyra (2007), Urquiola and Veerhogen (2008), Vial (2008),
McLeod and Urquiola (2009), Tapia (2010)) with the literature on the dynamic, macro-
economic consequences of different schemes of education (Becker and Tomes (1979), Loury
(1981), Glomm and Ravikummar (1992), Benabou (2002), Cunha and Heckman (2007)).
This latter type of literature does not explicitly account for the characteristics of the school
market where education funding is intermediated.

To do so, we present a DSGE model in the spirit of Benabou (2002), and introduce a
competitive education market with heterogeneous producers, in the spirit of Tapia (2010).
By doing so, we explicitly consider the precise mechanism under which human capital is
accumulated and how the characteristics of the underlying education market affect these
outcomes. Changes in the funding of education change the incentives faced by schools, which
in turn affect the matching allocations between students and schools, and also the investment
decisions of schools. In the model, education outcomes are a joint product of student ability
and the school’s endogenous quality, which depends on the school’s productivity and its
investment decision. That way, more productive schools need to invest less to reach a given
quality level. The paper studies how different funding regimes (associated to different levels

of redistributive taxation) affect the schools’ investment and enrollment decisions, which



shape intertemporal aggregate dynamics relative to a world where an explicit market is not
considered.

In the context of the model, there are two main margins that determine the overall ef-
ficiency of the human capital accumulation process, conditional on an aggregate level of
education funding. The first one, extensively discussed in Becker and Tomes (1979), Ben-
abou (2002), and Cunha and Heckman (2007), deals with the distribution of parental invest-
ments across households, in particular when capital markets are not complete and families
are credit-constrained. The second margin, which is the main contribution of the paper, is
related to the equilibrium behavior of schools as incentives change under different funding
schemes. This determines school investments and then the associated school-stident matches
and equilibrium outcomes. There two related aspects that we want to address. First,
how much of what schools receive from parents will be actually invested in providing higher
education outcomes? Second, how are investments distributed across schools with different
productivities? Do the most productive schools make the largest investments?

As mentioned before, most of the papers that have addressed the issue of the institutional
setup of education and growth have focused in the production of human capital. Glomm
and Ravikumar (1992) present an endogenous growth model in the spirit of Lucas (1988),
and discuss the accumulation of human capital and its implications for income growth and
distribution. They compare two ways of financing education: private and public. Agents
differ in the human capital of their parents, which in turn determines the productivity of
educational investments in their human capital. Under this setup, public education (which
provides the same educational investment for all students) yields lower per capita income
than private education. However, this result is reversed when initial income inequality is
sufficiently high. Aguiar-Conraria (2005) shows that in the same model as Glomm and
Ravikumar (1992) if parents do not have an altruistic behavior, growth is enhanced under a
public education system. Watanabe and Yasuoka (2009) extend also Glomm and Ravikumar

(1992)’s model by using a constant relative risk aversion utility function, obtaining that even



under a constant returns to scale production function for human capital, income inequality
vanishes in the long run. Zhang (1996) analyzes public subsidies given to private education
in a similar context as Glomm and Ravikumar (1992), but he also considers a positive
externality of average human capital on the agents’ human capital production function. As
expected, the subsidy speeds up growth and improves welfare. In a similar study, Kaganovich
and Zilcha (1999) analyze the role of education vouchers and growth in a representative-agent
model. Cardak (2005) analyzes vouchers in a model where the productivity of human capital
accumulation depends on parental human capital. He shows that vouchers can increase
economic growth but also under some cases income inequality.

Education and growth has been studied also with an emphasis on the role of heterogeneity
in ability, and its implications for the outcomes of private investments in human capital.
Han and Mulligan (2001) model private human capital investments with imperfect capital
markets when students’ abilities and parental altruism can vary. They obtain implications
for intergenerational mobility. De Gregorio and Kim (2000) use a similar setup to analyze
how the introduction of capital markets allows able students to specialize in education during
their youth, while less able students are better-off by working. Chiu (1998) analyzes the
role of income inequality in attaining optimal allocations in a world of discrete education
investments. De Fraja (2002) and Bohacek and Kapicka (2008) analyze optimal education
policies in a world where individual abilities are private information.

The paper provides an analytical setup in which to discuss human capital accumulation,
income inequality, and intergenerational mobility in an economy where education is pro-
vided by an explicit market of competitive private schools. We show that accounting for the
characteristics of the education markets can have significant effects, which are relevant for
evaluating the role of redistributive policies. While our model uses a stylized description of
schools, and the incentives they face, our results can be interpreted more generally as high-
lighting the importance of incentives in intermediation. In particular, how the evaluation

of redistribution policies, which many times cannot operate directly in terms of the final



target variable (in this case, education outcomes) but only indirectly through an intermedi-
ate input (education expenditure), should explicitly analyze the market where resources are
intermediated, and the role of incentives within it.

The remainder of the paper is organized as follows. Section 2 introduces the basic model,
which combines the models in Benabou (2002) and Tapia (2010). We describe the behavior of
households, the government which levies redistributive taxation, and heterogeneous private
schools.  Section 3 solves for the equilibrium in the school market at every period, and
develops the policy function that describes the optimal behavior of households.  Section
4 solves the model numerically for levels of redistribution, comparing economies. Finally,

Section 5 concludes and gives some discussion about potential extensions.

2 The Model

2.1 Households

The general setup follows directly from Benabou (2002), which in turn is closely related to
previous literature on intergenerational human capital dynamics as Becker and Tomes (1979)
and Loury (1981).

We assume the economy is populated by a discrete and sufficiently large number of agents
indexed by i € {0, ..., N}. These agents are characterized at date t by the following recursive

utility function

U} = max { (1= p) lmcf = ()] + pln (B [(U1,))"") } (1)

ciili
Agents choose consumption, ¢!, and the amount of labor they supply, I{. p is the intertem-
poral discount factor, n defines the intertemporal elasticity of substitution as 1/ (1 — n), and
r defines the relative risk aversion to lotteries as 1 —r. This formulation is consistent with an

overlapping generations model where each agent cares both about her instantaneous utility



and the utility of her only child. Crucially, we assume that there are no financial markets
or physical capital, so agents cannot borrow and are only able to save in the form of human
capital. There is a unique good, which is used both for consumption and for the production
of human capital.

Income is given by

v = () Q)" + 7 = (h) ()" (L + ) (2)

Total income is the sum of two components, labor income and the share of the profits
generated in the education market. Labor income depends on h{, the agent’s human capital
(which is given when she is an adult) and her choice of labor supply, I;. As discussed in more
detail below, private schools will generate profits in equilibrium; we assume that ownership
shares are distributed evenly across households, so that each household receives the same

profit flow, ;.

vy = () ' (1+ ) = ¢ (1+0,) + ¢ (3)

Total income is spent in consumption and in education expenditures, e

yi=ci+e (4)

In the absence of a capital market (or any form of physical or financial capital), agents can
only invest and allocate resources across time through human capital. The technology for
human capital accumulation depends directly on the child’s exogenous and random ability,
§i +1, the human capital of the parent, ht, and an education input, ¢{. The education input
will be bought in an explicit education market served by heterogeneous producers, which is

described in Section 2.3. We assume the human capital equation can be expressed as

hi+1 = %fiﬂ(hf&)“(qi)a (5)



For simplicity, we assume that the ability of the child, an i.i.d. random variable, is not
observed by the parent when deciding how much to invest on her education. However,

parents know the stochastic process governing ability across generations.

2.2 Government

Each period, there is a marginally progressive tax, 7;, on education expenditures, €, such

that the household’s actual education expenditure, é!, is described by

A ~ o iNTe G (=T (A 17T i
ey = (Ue/y;) ™ e; = (Ue) (yt) St (6)

. i
where s; = % is the share of income spent on education and 7, satisfies the government’s
t

budget constraint in period t¢:
2= (7)

ST () si=> "G () s (8)

i=1 i=1

As 7, increases, heterogeneity in actual (after tax) education expenditures is reduced.
When 7, = 1, there is perfect equalization, and all households spend the same in the ed-
ucation of their child. All households whose income exceeds 7; pay net positive taxes on
education, while households with income below 7, receive a subsidy. Taxes (subsidies) are
strictly increasing (decreasing) in income. We later show that the share of income spent in
education is independent of income, st = s;. Using that property, one can easily show that
7; is a decreasing function of the tax rate and that converges to the economy’s mean income

when 7, = 1.



2.3 Schools

The education market follows closely the model presented in Tapia (2010). Human capital is
not produced directly by households, but requires the use of an education input, ¢, provided
by competitive firms, which we can interpret as schools. From now on, we label this
education input as school quality.

All schools have the same production technology and the capacity to serve only one
consumer (from now on, a student). Capacity is fixed and cannot be expanded. Schools are
run independently, operated as profit-maximizing firms, and have no outside options. There
is free entry and no fixed operation costs. Schools differ in their exogenous productivity,
7;, which is drawn from a common distribution at the beginning of each period. The
productivity parameter can be seen as a proxy for the skills of the manager. Each manager
runs only one school.! All schools disappear exogenously after each period? and are replaced
by a new set of schools drawn from the same distribution. Thus, all schools solve a purely
static problem. In each period, the number of potential schools is M, with M > N, so that
not all potential schools can operate in equilibrium.

For any given school j, its observable quality, ¢;, depends on the school’s productivity,
7> and on the investment it decides to make, ;. Investments are measured in units of the

final good.> The production technology for school quality is

a = 9(v;,05) 9)

where g is twice-continuously differentiable, with gy, g, > 0, ggs, gy, < 0, and g,y > 0. Also
assume that g(7;,0) = 0.

For sake of concreteness, assume that the production of school quality can be described

Tt is very simple to extend the model to one in which managers can open more than one school.
2Given that each period in the model is a complete generation, this does not seem to be an unreasonable
assumption.

3In a more general context, this would include teachers, salaries, etc.



by the following Cobb-Douglas function:

q; = 7,9; (10)

Schools perfectly observe the characteristics of each household, as well as the produc-
tivity of all other schools. In the equilibrium allocations proposed below, schools will make

simultaneous offers to the students they want to enroll.

3 Solving the model

3.1 Equilibrium in the Education Market

Equilibrium in the education market can be defined as a sequence of school investments,
education qualities, and student-school allocations that solve the static problem in each
period.

In this section, we conjecture that optimal education expenditures per households are
a constant share, s, of after tax income, and follow Tapia (2010) to derive equilibrium
conditions in the education market under that assumption. In section 3.4, we use those
equilibrium conditions to solve the households’ intertemporal problem, and verify that the
policy function satisfies our initial assumption.

To obtain the equilibrium allocation in any given period ¢, rank schools from high to low
productivity, j from 1 to M, with school j = 1 having the largest productivity (v,). Do the
same with students in terms of after-tax income, ¢ from 1 to N, with student ¢ = 1 coming
from the highest income household (y;).

Let p : N — M be a one-to-one matching function. This is, for each student 7, p(7)
corresponds to his associated school, and (i) = p(k) is only true if i = k. As M > N,
p~1(j) either corresponds to a student (for the N schools inside the market) or the empty

set (for the M — N schools that must be inside the market).



Under our conjecture, total education expenditure for any given household does not
depend on price (v.g., the demand for education inputs has unitary price elasticity). Thus,
all schools will take education expenditures from each household (“tuition”) as given, and
will make simultaneous education quality offers to those students they wish to enroll. An
offer can be defined as the education input, ¢;;, promised by school j to student ¢. School
investments are perfectly observable and done simultaneously to tuition payments. As
mentioned earlier, school productivities and student abilities are perfectly observable. Define
a given set of offers from all schools as an offer profile.

Equilibrium is characterized by an offer profile ¢ from schools to students and a matching

1, with the following properties:

Definition 1. An equilibrium is an offer profile q from schools to students and a matching
p such that there does not exist any student i, school j, and an offer q;; where:
(1) i > Qi) and

For the cases in which u=1(j) = @, W(Wj ,q,fl(j)j) = 0.

This is, in any equilibrium allocation there is no student-school pair that will jointly

benefit from breaking their equilibrium match and matching to each other.

Proposition 1. The stable market equilibrium can be characterized as follows:

(a) Only the N more productive schools will operate.

(b) There is strict assortative matching between more productive schools and higher income
households. This is, (i) = i.

(¢) For any student i and matching school p(i) = i, the equilibrium offer will be ¢; for

all i € {1.N}. In particular, equilibrium school qualities can be written as

N—i
QG =$ (CITVN + (UN—k — UN+1-k) 7N+1—k>
=1
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fori=1to N —1, and gy = (kmn)Yny1- More productive schools provide strictly higher
quality.

(d) School investments are

forj=1to N.

(e) In equilibrium, more productive schools and more able students are strictly better off.
Proof. See Appendix. O

A formal proof is presented in the Appendix. However, we can sketch a (simple) economic
argument here. The quality received in equilibrium by any given student ¢ cannot fall below
the maximum quality that could be provided by the marginal school outside the market,
which has productivity v, ;. This is, the quality bought by the student whose willingness
to pay is sm; must at least exceed the highest feasible offer provided by the fringe school,
Gny = smy Yyg1- At @'Y, the fringe school is actually investing all of its revenue and
thus getting zero profits.

It is easy to show, however, that competition between schools must drive implicit prices
per unit of quality below the marginal cost of the fringe school, and, except for the lowest
income student, equilibrium offers will exceed the minimum level required to prevent entry.
More productive schools have an advantage in producing better outcomes at a lower cost
and end up serving the students with higher willingness to pay and having a higher actual
quality.

For any school j < N + 1, ¢j; is the minimum quality that provides no incentives for its
most direct competitor from below, j 4+ 1, to make a better offer to attract student j. In
equilibrium, school j 4+ 1 makes exactly the same profits on its own equilibrium match, j+1,
than what it would get by matching ¢j; with student j. For school j + 1, the marginal cost
of offering ¢ instead of ¢}, equals the marginal revenue of enrolling student j instead of

student j + 1. Thus, the marginal profit of deviating is zero. All other schools make strictly

11



higher profits in their own equilibrium matches.

Thus, in equilibrium, differences in quality between schools are more than proportional
to the (after tax) income differences of the students they enroll. High-income students get
higher qualities not only because they can expend more, but because the equilibrium alloca-
tion implies that they are attached to high-productivity schools, where they face implicitly
lower prices. This is a strong force towards inequality in outcomes, as income differences
are magnified by the differences in the quality of the match.

The key insight, however, lies in the way investments are distributed with after-tax income

distribution changes. For any given school j, its equilibrium investment can be written as

N—j
§ (‘17VN + (YN—k — YN+1-k) 7N+1_k>

* q;; k=1
Y Y
YNy Ry ¥
— o AL (YN—k — YUN+1-k) N1k (11)
i 1 Vi

Thus, in equilibrium, the difference in investments between any two operating schools

with different productivities, v, > ;, can be written as:

N-—s N—j
w« g S\ V1T IN+1-k
0;—0, = M YNIN41 T Z (YN—k = YN+1-k) Vg1 | T (YN—k — YN+1-k) R
Vi k=1 k=N—s J
(12)
The first term is strictly negative and reflects the fact that the quality provided in equi-
librium by the school with lower productivity can always be provided at a smaller cost by the
more productive school. The second term is the additional investment that the productive
school needs to make in order to attain her own equilibrium quality. Thus, whether a more

productive school invests more or less is not obvious, and depends both on the distribution

of school productivities and the distribution of tuition payments. It is clear, however, that,
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for a given distribution of school productivities, larger differences in tuition payments across
households will lead to larger differences in equilibrium qualities and, typically, to larger
investments by more productive schools. If, on the contrary, tuition payments are more
homogeneous, incentives to differentiation are reduced and equilibrium qualities are more
similar. As suggested by equation 12, investments in more productive schools will become
relatively smaller.

In the extreme, if all households make the same education expenditure, ex-post qualities
will be identical and equal to the minimum quality that prevents entry. As there are no
incentives to differentiate, more productive schools will make strictly smaller investments,
as they need to make a smaller effort to reach the homogeneous equilibrium quality. Thus,
schools in the lower end of the productivity distribution will make the bulk of education
investments in the economy. Any distribution of education expenditures that has the same
mean but a positive variance will necessary shift equilibrium investments from less produc-
tive to more productive schools and unambiguously enhance efficiency in the production of
quality.

This is the key insight of the paper and it will shape the results presented in Section 4.
In this model, the introduction of an explicit education market implies that redistribution
policies affect not only the distribution of tuition payments, but also the distribution of
investments across schools of different types. In this context, an evaluation of redistribution
policies must not only consider the allocation of resources across different households, but

also the effects of such an allocation on the market where those resources are intermediated.

3.2 Optimal Choices at the Household Level

Given the discussion on the optimal provision of quality and the government’s taxation
policy, we now turn our attention to the optimal behavior of households.
The household’s problem is to solve the utility maximization problem given by (1) subject

to the constraints given by (2), (5), (6), and (10).
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Proposition 2. The optimal choices of labor supply and the savings rate are

- lg (1 L el mv;H)]%

n L—p
5, — peViia
;=
1 —p+peVi

Note that the optimal choices depend on taxes and on promised future utilities. However,
they do not depend on the human capital of the parent nor on the ability of the child, so
li =1; and st = s;. The labor choice decreases with current and expected future taxes, while
the savings rate decreases with expected future tax rates. Under a constant profile of taxes

7. = 7 the optimal choices are equivalent to

= [ ()] "

B PEA
1—pla+er(l—7))+ peX

s (14)

These choices are constant, as conjectured when solving for the education market equi-
librium.
Thus, effective parental education spending is a constant share of total income (scaled

by 1 — 7;) and it is given by

o ) Vi
! L—p+peVip

(15)

Note that this expression is common across households, with V;,; defining the discounted

sum of future utilities and equal to

0o k—1
Viei=(1 —P))\Zpk a4+ el = Ti145) (16)
k=0  j=0

We will use these results to show that under a competitive educational market, the

Bellman equation for the household problem is well defined and the education spending of
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the parents is effectively a constant share of their income scaled by 1 —7 as expressed in (15).
To that end, we need to make some assumptions about the evolution of the distributions
of some key variables. Start by imposing that abilities are drawn every generation from a
lognormal distribution, so In & ~ N(—w?/2,w?), with w > 0. Assume also that the human
capital in the first period is drawn from a lognormal distribution that is independent of the
distribution of abilities, In kY ~ N (—w?/2,w?). The lognormality of human capital for the

next periods is

Inhi,, = Ink+eln(s) + (1+e)In&,, + (a+erl—7))Inh

tep(l =) Inl +elnd; —elns +e(l — 7)) In(1+m) +ereIng,  (17)

which comes from combining and (2), (5), (6) and (10), and where we defined & = é/g =
1+ 7m/g. Note that g comes from the solution of the optimal education supply of schools.
We will follow a model where the demand and the supply are determined separately, so
possible positive human capital externalities are not internalized.

To show that human capital follows every generation a lognormal distribution, we use
the fact that the sum of lognormal and truncated lognormal distributions is also lognormal.
The formal proof is omitted, but numerical simulations verify that this is indeed the case.
Under the assumptions above and the independence and lognormality of productivities,
In &, ~ N(—w?/2,w?), with w potentially different from w;. We can denote the evolution of
human capital in time as in Inhj ; ~ N (mp,,,, A7, ).

Combining (1) and (2), the recursive utility function is

In U;(h) = max (1=p) [ln((l —8)) + In(RMNH(1 + 7)) — m
he +pln ((Et [( Zﬂ(h’))r])l”)

15



subject to
B = K((1+ ag)s) (§) e (h) A ()0 (6,)% (7) (1 4+ m) ()™ (19)

Defining p(7;) = a+eA(1 —7¢) as the intergenerational persistence of human capital, we

can show that

Proposition 3. The value function can be expressed as InU; = Vi(In hi —my,) + W;, where
Vi=(1—=pA> e, ok Hf;é P(Titj), mp, = 22:0 Inhi, and the aggregate welfare Wy is a

function of {7k, Orik, rirfio-

Proposition 4. As schools heterogeneity disappears, our model converges exactly to the

model in Benabou (2002).

The households’ policy function, together with the equilibrium condition in the educa-
tion market and the government budget’s constraint, fully describe the equilibrium in this
economy at any given point in time. In the next section, we characterize the steady-state
equilibrium numerically.

Before that, we discuss the potential rationale for redistributive taxation on this context,
and the expected channels through which it can affect the intertemporal human capital

accumulation.

3.3 Redistributive Taxation and Efficiency of Education Expendi-

tures

Redistributive taxation affects the intertemporal evolution of human capital through three
channels.
First, it distorts labor and saving decisions, as households reduce their labor effort and

invest less out-of-pocket funds on education. Numerically, given the calibration described
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below, this channel only has a small effect, as the elasticity of both labor and savings to the
tax rate is relatively small.

The second channel, and the one usually emphasized on the previous literature, deals
with the absence of a financial market that equalizes the marginal return of investment
across households. As redistribution in this model does not change the income distribution
within a given generation, but directly changes the distribution of education expenditures,
overall efficiency would increase if resources shift towards those households that have the
highest rate of marginal return. Given the decreasing marginal return of education inputs
in the human capital production function and the fact that ability is uncorrelated with
income, this is typically true, as resources move towards those households that are initially
investing less. The effect, however, is weakened through the direct effect of parental human
capital on human capital production, which, ceteris paribus, makes the first cent invested
on the average child of a high income (high human capital) household more productive
than the average child of a low income (low human capital) household. We show that, in
the calibration, the first effect prevails over a significant region, allowing for an important
efficiency role for redistributive taxation.

The third channel, associated to the introduction of the education market, deals with the
effect of redistribution -or, more correctly, equalization- on school incentives. As discussed
in Section 3.1, equalization dampens incentives if schools are heterogeneous, and shifts edu-
cational investments towards the least productive schools. For a given level of expenditure,
this reduces overall efficiency, and goes against the efficiency-enhancing effect of the second

channel.

4 Numerical Simulations

As discussed in the previous section, the model cannot be solved analytically once heteroge-

neous schools are introduced. Thus, we characterize equilibrium allocations by simulating
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the model numerically, both in terms of dynamics and the steady state. As our calibration
exercise is better suited to provide a qualitative rather than a quantitative description of
equilibrium, we use as a benchmark for our results a version of the model with no hetero-
geneity in schools (this is, a particular case of Benabou (2002)). This allows us to compare
the direct impact of incorporating an education market with heterogeneous providers to the
baseline overlapping generations’ model. We also use the simulations to verify, as assumed
earlier in the policy function, that the simulated distribution of human capital over time in

fact follows a lognormal distribution.

4.1 Parameter Calibration

We start with parameter values close to the ones chosen by Benabou (2002). These values

are summarized in the following table:

Table 1. Parameters for the baseline calibration based in Benabou (2002).

Parameter Value

A 0.625
0.375
0.350
0.400
0.400
1.000
0.360
0.000
w1 0-0.25

=T & m Ox

Benabou (2002) calibrates his model by targeting specific moments of the steady-state
distribution (income inequality, intergenerational persistence). As our model does not have
explicit expressions for those moments, we use the calibrated parameters in Benabou (2002),
and contrast the results of our model with heterogeneous schools with the model where
the education market plays no role (either because education is produced directly at the
household level or because schools are perfectly homogeneous)

Parameters for the production function shares, A and pu, are taken from Barro and Sala-

i-Martin (1995), excluding physical capital. Intergenerational persistence in the model
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with no heterogeneity, p(7) = a + SA(1 — 7), is used to calibrate (in the baseline scenario)
a = 0.35 and § = 0.4. The parameter for idiosyncratic ability shocks, w, which will be
crucial for determining the steady state inequality is set at w = 1. The intertemporal
elasticity of substitution, ¢ = ﬁ, is set at € = 0.4, at the upper end of empirical estimates.
The discount factor, p = 0.36, is consistent with an annual discount factor of g = 0.96,
compounded over 25 years, a reasonable time span for a given generation. Finally, r = 1,
so that preferences are intertemporally separable (logarithmic).

The last parameters required in order to complete the model are related to the distribution
of school productivities. First, we need to specify the number of potential schools, M,
relative to the number of students, N. We choose M = 1.1N, so that in any equilibrium
the worst 9.1% of schools are left outside of the market. Second, we must choose wy, which
describes the distribution of random school productivities. If w; = 0, all school are identical
and have productivity v = 1. In that case, accounting for the school market is irrelevant for
equilibrium outcomes, as all education expenditures are invested in the production of quality
with a CRS technology. To introduce heterogeneity, we choose wy; = 0.25, such that the
mean of school productivities is still equal to 1, but we still have a positive (though small)
variance. Although not reported, we also simulate the model with different values for wy;
results are qualitatively similar to the ones presented below.

The model is simulated for economies with 20,000 agents, over 20 periods (this is, 500
“years”). We simulate two types of economies, with and without heterogeneity in school
productivities (w; = 0 and w; = 0.25). For each economy, we run 5 draws of the stochastic
distributions and solve the model for values of 7 ranging from 0% to 100%, at 1% intervals.

Finally, for each economy type we summarize results across the 5 draws. We discuss our

findings in the next section.
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4.2 Results
4.2.1 School Investments

As mentioned earlier, the model does not have an analytic solution for steady state values.
However, given parameters, the model typically converges numerically to a steady state after
5 periods (125 years).

Figures 1 and 2 summarize one of the main insights of the paper by presenting (steady-
state) equilibrium school investments under two polar regimes: no redistribution (7 = 0)
and complete equalization (7 = 1). Figure 1 presents the economy with heterogeneous
schools.  Schools are sorted in productivity along the horizontal axis, starting with the
most productive school. When there is no redistribution (7 = 0), differences in household
expenditures mimic the underlying income distribution. As discussed in Proposition 1,
more productive schools match with the households with higher expenditure and, given the
calibrated parameters, end up making strictly larger investments, as competitive pressures
between schools are strong. In such a world,most productive providers make the bulk
of education investments in the economy. When there are no differences in expenditure
(1 = 1), competitive pressures between the set of operating schools are at their weakest, as
no school has incentive to provide a higher quality that the one that prevents entry. As more
productive schools need to make strictly smaller investments to attain any given quality, the
least productive schools make the bulk of investments in such a world. Unsurprisingly,
such a shift will have first-order effects on outcomes and on the overall efficiency of human
capital investments. As way of comparison, Figure 2 replicates the exercise in an economy
with homogenous schools. In such a world, expenditures are always fully invested. As all
schools are identical, the identity of the investor is irrelevant for the analysis of the effects
of that investment. The discussion on efficiency, then, reverts directly to the discussion on
the distribution of expenditures and the rates of return across households (this is, whether

we have decreasing returns, and to what extent).
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The effect of redistribution on competitive pressures is further illustrated in Figure 3,
which presents the average markup in the school market (this is, the average revenue over
investment ratio) as a function of the tax rate. Higher levels of taxation, which equalize ex-

penditures across households, dampen competitive pressures in the school markets, allowing

schools to (on average) charge a larger markup for their services.

4.2.2 Steady-State Human Capital and Income

Figure 4 presents the impact of different redistributive taxes on steady-state average human

capital in both economies (homogeneous or heterogeneous producers).
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distribution of school productivities, there is an interior solution for the tax rate that max-
imizes average human capital, as resources are shifted towards low-income children, where
on average marginal investments are more productive due to decreasing returns to scale.
However, the human capital maximizing tax rate differs between both economies, and is
significantly smaller in the economy with heterogeneous schools. In an economy where
all schools are identical, setting a 55% tax on education investments attains the maximum
steady-state human capital. When we allow for heterogeneity, the tax rate falls to less than
half (20%). As both economies are otherwise identical, this difference is solely explained
by the different role played by incentives in both setups. In the first economy, as all ex-
penditures are always fully invested by schools, incentives are not affected by redistribution.
Thus, redistribution only impacts efficiency at the household level, as the relative efficiency of
the production of market inputs remains unaffected. When schools are not identical, redis-
tribution affects the behavior of schools, changing incentives and, in relative terms, shifting
investments towards schools with lower productivity. Thus, there is not only an impact on
efficiency at the household level (how expenditures are allocated between households with
different characteristics), but also on the production of market inputs. This second effect
dampens the efficiency gain associated to redistribution at the household level. Accounting

for intermediation has relevant consequences for policy analysis.
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Figure 5: Steady State Income

A similar story applies to steady-state average income, as seen in Figure 5. As the
output production function is concave, there is an additional force towards equalization, and
accordingly, the tax that maximizes average income is larger in both economies. However,
and as with average human capital, the maximizing tax is significantly smaller in the economy
with heterogeneous education producers.

We also characterize steady-state income inequality and mobility in both economies.
Figure 6 depicts intergenerational mobility, defined as the correlation in income between
two successive generations. Even under full equalization in educational expenditures, the

correlation is always strictly positive, due to the direct impact of paternal human capital on
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Figure 6: Intergenerational Mobility

the human capital production function. Thus, even if all students receive the same education
input, human capital differences will persist in time because part of the capital is transferred
directly across generations. Mobility is smaller (the correlation across generations is larger)
in an economy with heterogeneity in education production, as differences in education inputs
are larger for any given distribution of expenditures. Steady-state income inequality, as
measured through the Gini coefficient, is presented in Figure 7. Once again, inequality will
be larger in a world with heterogeneous providers, as income differences are amplified in the
education market. Inequality falls monotonically with the tax rate, but neither economy
attains full equality due to the ability shocks and the legacy of initial distribution of human

capital.

4.2.3 Welfare

Finally, we look at the welfare implications of different taxation regimes, evaluating the
households’ steady-state value functions. Figure 8 presents average welfare in both economies,
defined as the (unweighted) average across households of the value function evaluated at the
steady state. Under this definition, redistributive taxation can increase overall welfare, as
there is a region in which the welfare losses of agents that pay positive net taxes in equilib-

rium are more than compensated with the welfare gains of agents receiving a net subsidy.
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As in the previous section, the tax rate that maximizes welfare is smaller when we allow for
heterogeneity in the production of education.

This is consistent with the fact that, for every income decile (Figure 9), the decile’s
average welfare is maximized at a smaller tax rate in the economy with heterogeneity in the
production function. Even groups at the lower end of the income distribution, which receive
net subsidies that are monotonically increasing on the tax rate, would not choose complete
redistribution, as the adverse effect on average school effort and the associated deterioration

in overall quality offset the benefit of having higher expenditure.
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Figure 9: Welfare-maximizing tax rate by income deciles
5 Conclusions

This paper has analyzed the intertemporal evolution of human capital under redistributive
taxes. To do so, we extended the overlapping generations model in Benabou (2002) to intro-
duce an explicit education market served by private schools with heterogeneous productivity
(Tapia, 2010). Schools behave competitively to generate profits, and optimally determine
the quality they provide and the tuition they charge. We showed that, as long as education
expenditures between parents are heterogenous, the equilibrium matching function implies
that, in every period, the more productive schools serve the students with the higher will-
ingness to pay. Redistributive taxation, which reduces differences in expenditure between
households, mutes incentives for differentiation among schools, and shifts investments from
more productive to less productive schools. This affects overall efficiency, and reduces the
efficiency gains of redistribution associated to the equalization of marginal rates of return
across students. We showed numerically that this effect can be important, and income or
welfare maximizing taxes in an economy with heterogeneous schools can be significantly
smaller than the ones in an economy without an explicit education market, which has been
the standard in previous papers.

An obvious objection to our paper is that, in most countries, the education sector is not

formed by private, profit-maximizing schools. While this is literally true, we would like to
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interpret our results more broadly in terms of the incentives faced by education providers
(which can also be teachers within public schools), and how the impact of redistribution on
compensation affects equilibrium effort and outcomes. This is, one can interpret our model
as a (simple) example of a more general point: namely, the importance of the interaction
between redistribution in inputs and incentives on intermediation, and how that affects the

outcomes that are the ultimate goal of taxation policy.
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A Proof of Proposition 1

Proof. a) Straightforward.

(b) to (e): We can show that under the proposed qualities no school has a profitable
deviation.

Take any school with productivity 7; > 7y, that in the proposed equilibrium is matched

with a student with income y; Equilibrium profits can be written as

_ N i
< <
YNTN41 t Z (YN—i — YN+1-1) Vi1

=1

m; =sy; —0; =sy;—s z
@

7

Can the school find a profitable deviation?

Suppose the school tries to enroll the student immediately above in the income distrib-
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ution, which has income y;_;. The school must provide a quality that is at least as good as

1 the equilibrium quality of the school in which student m — 1 is enrolled. Profits would

then be:

Ti(Yj-1) = syj—1 — 07" = sy;—1 — s

<

N—j+1 .
YNYN41 T Z (YN—i = YN+1-0) Vi1
i=1
<
V5

Comparing profits, we can see that the school would get exactly the same profits in both

cases, and thus has no incentives to deviate:

= mi(yj1) =

=
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At the equilibrium qualities, the marginal revenue that the school would gain from en-

rolling a richer student is exactly offset by the additional cost of providing higher quality. In

fact, if the school tried to go even further upwards the income distribution, and enroll the

student with income y;_o, its profits would actually decrease:
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Profits would be smaller as the quality increase between students j —2 and j — 1 is implicitly
priced at the average cost of school j — 1, which is strictly smaller than the marginal cost of
j. As the argument can be easily extended for any student j—s, s > 1, there are no profitable
deviations in enrolling higher income students. What about enrolling a student with lower

income? If school j tries to get student j + 1, it has to offer at least ¢}, :

1 1
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As the reduction in revenue is larger than cost savings, no school has incentive to move
downwards the income distribution.

Thus, at the proposed equilibrium qualities, it is true that, for any j < N + 1:

;o= Wj(Q;—l)
T > WJ(Q;LS% s>1

T > Wj(q;+s)> s2>1

so there are no profitable deviations outside of the equilibrium matches.

The qualities will be sustained in equilibrium by competitive pressures and the incentives
the school faces. Given any equilibrium match, an offer below h;"u(i) = af'qfwould allow the
school immediately below to make a better offer to student ¢« and make profit. Therefore,
equilibrium quality cannot be below ¢, as the school would lose the student.Any offer above
hjﬂ(l.) = aq/only increases the cost for school v,, without any additional revenue. Therefore,
the equilibrium quality will not be above ¢}, as the school has no incentive to incur in that

cost. O
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B Proof of Propositions 2 and 3

Proof. Guessing that the value function satisfies In U} = V;In hi + B; and replacing into (18)

implies

Vilnhi + B; = pBiy1+ max {(1 — p+ pe(1 = 7)Vi1) plnl — (1 p) 1"}
+max {(1 = p)In((1 = 5)) + peViy1 In (s)}
+ (1= p) A+ pla+eX(1 — 7)) V] In bl + (1 — p) In(1 + 7¢)
—p/r(1+)rVipa (1 — (1 +e)rVi)w?/2

+pVi1 (Ink —ewi/2 —elns, +e(1 — 7)) In (1 + ) + er¢Ing) (20)

Note that the uncertainty comes only from the human capital of the child ¢! 41, Which
enters into the expected utility of the next period U} +1, but does not affect the investment
decisions of the parent, which are shown later to be independent of the uncertainty of the
model. We also assume that the realization of the productivity of the schools is known by
parents. The maximization problem is strictly concave and then the first order conditions
for [ and s are sufficient for optimality (these conditions are straightforward to derive and

are expressed in Proposition 3 in the text). Grouping the terms with In A} in (20)

which is recursively equivalent to

V=0 - oA [T o) (22)

where

p(1e) = a4+ el —1y)
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Plugging (22) into (20) results in

Bi—pBi1i = (1—p+pe(l =7)Visr) plnl — (1 = p) 1"
£ (1= p) (1= 8)) + peVica I (s)
(1= )+ m) — p(1+ Va1 — (14 )V 1?2

+pViia (ln/-z —ewi/2 —elnA +e(l—7)In(1+m) +erIn ;gt)

where B; satisfies the transversality condition lim; .. (p'B;) = 0. From (19), it follows that

the natural logarithm of the human capital at date t 4+ 1 is

Inhl,, = Ink+eln(s;)+ (1+e)Iné,; + (a+erl—7))Inh;

tep(l—7)Inll +elné, —elns, +e(1 — 7)) In(1 + ) + er¢ In g,

Note that as shown in Proposition 3 the labor supply and the savings rate choices do not
depend on individual characteristics. As the human capital at date t follows a lognormal

distribution, In h} ~ N (my,, A ), the average income, g, given by SN @)y =Y,

N e ; 1/74
oo [zt ) ()
" (va_l(yi)l‘”) (E((yi)l”))

satisfies

which implies that
lngt - )‘mht + )\2 (2 — Tt) Ait/2 + /,Lll'llt + hl(l + 7Tt)

This expression is used to obtain the parameters of the distribution of the human capital
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at datet +1

My = Ink+eln(s) — (1+e)w?/2 + (a +eX)my,
teplnl, —ew?/2 —eln, +eln(l + 7)) + e A (2 — 74) A /2

AR, = (14w’ + (a+eXl—7))°AR] + 2w}

Defining B, = W, — V;m;, and using the previous expressions for my,,, and Ing, and

(21), the difference equation for W, satisfies

Wy — pWii

: = plnly =+ In((1 = s)) + Amy,
—p

+In(1+ ) +rp(l+)* (1= p) 7' Vi3,w’/2

Expanding the difference equation we have that

W o
1 == zpk (AmhtJrk + Jt+k)
B

where Jyyp = plnlppe — 17 +In((1 = sp4%)) + In(1 +7040) +7p(1 €)% (1 — p) ! V2 w?/2.

To develop the expression for 72 p*Amy, . note that we can express
k=0 P t+k
Mpy, ., = vy, + K

where v = a+ X and K; = Ink+¢eln(s;) — (1 +e)w?/24eplnl, —ew?/2 —elnt, +eIn(1+
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and then
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and Ky =Ink+eln(syy) — (1+e)w?/2 +eplnlyy —ew?/2 —elnfyg +eIn(l + map) +
TN (2 = Tep) A%Hk /2. The previous difference equation depends on the sequence
{7tk Orhs Gk 70

Under a constant policy 7, = 7, Sgip = §, 04 = J, Tk = T, and w4, = 7 the previous

expression reduces to
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