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Abstract

The primary objective of this paper is to develop a political economy of
public funding of education that accounts for the large disparities observed
across countries in the share of GNP allocated to public education.

In a general equilibrium overlapping generations model in which parents
care about their children’s lifetime utility the rational and forward looking
agents vote for a level of public funding of education.

The model mirrors the observed cross-country disparities in the share
of GNP allocated to public funding of education. This share increases with
per capita income levels as well as with the fertility rate and it decreases
with the degree of inequality in the economy. For higher levels of inequality
the model can generate a politico-economic equilibrium where private and
public investment on education coexist.

In contrast to existing theories the paper does not assume that the factor
prices are invariant and I study the importance of the effects of an education
policy on the factor prices in the determination of the equilibrium level of
this policy.

*E-mail: jsoQ@fcee.ucp.pt. I gratefully acknowledge financial support from EC Human Capital
Mobility Fellowships Program and from “Ricerca di Base”. I thank Thomas Cooley, Elizabeth
Caucutt and Nezih Guner for helpful comments on an earlier draft.



1. Introduction

Empirical studies of cross-country differences in public expenditures on education
show that they tend to be associated with differences in per capita income levels
as well as in the degree of income inequality and in the proportion of school aged
children in the population. Existing models which have been used to explore the
cross-community differences in education for the US would be unable to match
the cross-country pattern. In this paper, I develop a model of the political econ-
omy of publicly financed education which has a richer demographic structure and
accounts for the impact of the chosen policies on the factor prices. I show that
a model with these features is consistent with observed cross-country differences.
I also construct a version of this model that is able to describe cross-states dif-
ferences within a country and I use it for evaluating the welfare implications of a
move from a state wide to a nation wide public funding of education decision.

Existing theories of public education typically rely on altruism to account for
the existence of public education. In Soares (1996) I show that public investment
on education can arise as an equilibrium in a world where individuals are moti-
vated purely out of economic self-interest. In this paper I introduce altruism and
show that it increases the equilibrium level of publicly financed education.

I study these issues using a three period lived general equilibrium overlapping
generations model where agents care about their children lifetime utility and where
both public and private investment on education might coexist.

The first generation agents allocate resources to consumption, to leisure and
to the acquisition of human capital, but they cannot borrow against their future
income. After the first period of their lives, the agents work for one period and
they retire during the third period. During the second period the agents have
children whose welfare they value. This leads to transfers that the young agents
allocate to consumption and education. Human capital is accumulated through
an individual education process represented by a technology which takes as inputs
physical resources and the agent’s time. As in Soares (1996), I assume that private
and public funding of education are considered to be perfect substitutes.

Besides making individual decisions, the agents also take part in a political
process through which the public education policies are chosen. With a public
education system, the government levies an income tax and uses the revenue to
fund education. The agents are rational and forward looking and they vote for
the level of taxation. Thus, an equilibrium with publicly funded education must
be both a competitive economic equilibrium and a political equilibrium.



I quantify the theoretical findings by calibrating the parameters of this econ-
omy to match some long run features of the US economy. I then compute the
equilibrium to determine the level of public funding of education that is chosen
by the pivotal voter.

The publicly funded education increases the level of human and physical cap-
ital and therefore increases the growth rate of output. The share of income allo-
cated to publicly funded education increases with the level of development of the
economy as we observe in the data.

The level of public expenditure on education as a percentage of income is very
sensitive to changes in the population growth rate and in the social security pol-
icy parameters. The relation between these variables seems to be important in
explaining the differences observed across countries with the same level of devel-
opment. As the share of the young agents in the economy increases, the share
of income allocated to public funding of education might increase or decrease de-
pending on the nature of the demographic change. In addition, an increase in the
relative size of the social security system results in a decrease in the percentage
of income allocated to publicly funded education.

Finally, in this model economy, an increase in intragenerational inequality
decreases the political support for public funding of education. This implies a
negative correlation between inequality and growth as found in the data.

Fernandez and Rogerson (1994) showed that a move from a community wide to
a state wide public funding of education decision can raise the steady-state output
and welfare levels. The results in this paper support these findings and they show
that a move from a state wide to a nation wide decision level, where the general
equilibrium effects are internalized by the voters, further increases the level of
income in the economy and the welfare of the agents. The equilibrium tax rate
is higher in an economy where the factor prices are flexible; implying that, even
though altruism plays a central political role, the complementarity between cap-
ital and labor in the production function, and the market incompleteness induce
support for a higher level of publicly funded education.

Additionally, the benefits of the general equilibrium effects are bigger in more
unequal economies, increasing the benefits from the internalization of those ef-
fects by the voters and therefore from the move to a nation wide policy decision
level. But, as the degree of inequality increases in the model economy, the richer
agents might oppose public funding of education in which cases we will have an
equilibrium without public funding of education.

In the next section, I describe the economic environment and the decision
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problems that the agents face. In Section 3, I describe both the economic equi-
librium and the political equilibrium concepts employed. Section 4 describes the
calibration of the model and section 5 presents the findings for the benchmark
economy. Finally, in section 6, the effect in the politico-economic equilibrium of
an increase in the degree of inequality are studied by introducing some intragen-
erational heterogeneity in the model.

2. The Economic Environment

I study an economy where a large number of identical agents are born each period
and have a maximum lifetime of three periods facing a probability of surviving
each period. The fertility rate of the population is f so that the younger generation
is f times bigger than the middle one. The exogenous probability of an agent
surviving from age i to age i+1 is given by ¢;. The number of agents in each cohort
relative to the other cohorts is supposed to be stable over time, corresponding to
the steady-state age structure of the population. The share of age-i individuals
in the population, given by the measure p,, 1 = 1,2, 3 is constant over time and
M1 = }%/Li, with 32 | g; = 1. The population grows at the rate 1 +n = fqi.

The agents in each generation maximize their discounted lifetime utility. For
an agent born in period ¢ this is given by

3 i
Vl,t = Zﬂlil H QjU(ci,t—i—i—l’ li,t+i—1) + B8 @B, f ‘/l,t—i—l’ (2'1)
1 j=1

7=

where 3 is the subjective discount factor, c¢;;1;—1 is consumption and [;;4,-1 is
leisure of an age-i individual at period ¢ + ¢ — 1. The agents are assumed to
have children in the second period of their lives and 3, is the discount factor
for their children life-time utility'. The weighting of the child’s value function
by the fertility rate means that the parents care about the welfare of all their
descendants. However when the fertility rate, f, is not an integer and the agents
have “fractions of children” this interpretation is not true anymore as in general
the welfare of half a child is not half the welfare of a child. In this case, each
parent cares about the average utility of his offspring weighted by the number

! Among others Altonji, Hayashi and Kotlikoff (1996) reject the hypothesis that intervivos
transfers from parents to children are motivated by altruism. They restrict their analysis to
adult children, which allows me to assume that there might be an altruistic motivation behind
the transfers to dependent childern (non-adult). We will therefore assume that the parents care
for their children while they are raising them.



of children. This means that the relative weight of an agent’s own utility in his
welfare function decreases with the number of children he has.

The “momentary” utility function is assumed to take the constant relative risk
aversion form of a Cobb-Douglas consumption-leisure index,

1-p
o 1-0o
(Ci,t+ze1 li,tﬂ;l) -1

1—p )

U(Ci,t—l—i—l’ li,t+i—1) = (2-2)

where p is the coefficient of risk aversion, and ¢ is the coefficient of consumption
on the Cobb-Douglas index.

Agents in this economy accumulate claims on real capital used in production
by firms, to help smooth consumption across time. The budget constraint facing
an individual of age 7 at time ¢ can be written as

Aiv1 01 = (L+7r(L— 7)) (@ir — Giz + bit) +Yir — iy — €ir + Tis, (2.3)

where y;; is the non-capital income (in terms of the consumption good) of an
age-i individual at ¢, a,; denotes the beginning-of-period asset holdings of an age-
i individual at time t, and r, denotes the rate of return on these assets. The
variable e; is the physical private investment on education. 7; is a tax rate on
income. Finally, the variables g, , and b; ; are, respectively the level of assets given
by the age-i agent to his children and the level of assets received by the child from
his parent and T, is a lump-sum transfer received by the agent in period t.
Clearly, an agent will not accumulate any assets in the last period of his life
so that
Aat = 0, Vt. (24)

Furthermore, I assume that, as usual, the young agents are not able to borrow
against future income?, therefore imposing the following restrictions:

sy >0, V.3 (2.5)

I assume that in the first period the agents can choose the amount of time
they will spend learning and how they will allocate their parent’s transfers be-
tween consumption and education, but they are not allowed to participate in the

2(Credit markets to finance primary and secondary education are almost non-existent and
credit markets to finance higher education are also very rare around the world where higher
education is mostly publicly funded.

3Initially, for computational reasons, I will also assume that the young agents cannot lend.
That is they cannot accumulate any physical assets, az¢ =0, Vt.
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political process. In the next two periods of their lives agents may vote but will
no longer attend school. In the third period they retire. Thus, I distinguish be-
tween “children” who cannot vote, workers who are adults below the exogenous
mandatory retirement age, and retirees who are above that age.

Furthermore, the young agents are not allowed to work as it is observed in
most developed countries. This is not an important assumption as the political
economic equilibria with and without this restriction are identical, as in Soares
(1996).

Before their mandatory retirement workers decide how much to work, h; ¢, and
earn wy h;;s;+, where w; and s;, are the real hourly wage rate per unit of human
capital (in terms of the consumption good) and age-i agent’s level of human capital
in period t, respectively. After retirement, the non-capital income of an individual
is given by the social security benefits, ss;. This amount is computed by taxing
labor income at the exogenously given rate 74 and distributing the proceeds to
the retired agents: ssyuy = > p;wihi 8;7ss. Under these assumptions, the non-

capital income of an individual is given by

wihiysi (1 — 714 — Tgs), fori=1,2,

Yig =
5S¢, for i=3.

In this economy, agents are endowed with one unit of time each period that they
allocate to work, education and leisure.

The young agents are endowed with a constant level of skills, s;. The law of
motion of the level of human capital is described by the following process*

51+ 0d%(ers + py)"e, for i=1,

Sit+1,t+1 =
(1 —0s)si+ otherwise,

where d; ; is the time allocated to education and e; ; + p; represents the total level
of physical resources invested on the agent’s human capital accumulation, where
e1and p; are respectively the private and public investment in human capital®.

*This learning technology is similar to the one in Glomm and Ravikumar (1992).

This technology ignores the role of the family background in the returns to education, that
is, the level of education of the parents does not affect the human capital accumulation process
of the students. This could be achieved for instance by letting the time allocated by the parent
to the children’s education, weighted by the parent’s skill level, be an input in the human capital
accumulation function.



The parameters 1, and 7, are respectively the coefficients of time and physical
resources in the learning technology and 6 is the total factor productivity.

So, the level of human capital accumulated by each individual is an increasing
function of the time allocated to learning, d, ¢, and of the quality of the education
service.’

The quality of the service provided is assumed to be an increasing function of

the physical resources invested on each student’s education, e;; + p;.

Public and Private Provision of Education. Public and private provision
of education are often seen as mutually exclusive alternatives. The possibility of
choosing to acquire education in the private market or in the public sector reduces
the likelihood of getting single-peakedness of the preferences over the amount of
education that is publicly provided (see Stiglitz, 1974). Because of this, the usual
models of majority rule voting may not apply and some problems might raise in
terms of the existence of a majority rule equilibrium when voting over the levels
of publicly provided education.

Even though public and private provision of education may not be “perfect”
substitutes, modeling them as exclusive options is an extreme assumption.

Instead, it seems that the public and private funding of education can be
considered supplementary choices”. Thus, I assume that the public and private
funding of education are perfect substitutes, and I only distinguish the sources of
education funding.

The production technology of the economy is described by a constant-returns-
to-scale function.

Y, = F(K,, Lt) = ‘PKtliaL?a (2-6)

5The use of expenditure on education as an argument in the learning technology is consistent
with Card and Krueger (1992)’s findings. They provide several estimates of the of school quality
on the rate of return to education for men born in the United States between 1920 and 1949.
They find that men educated in states with high average school quality have a higher return to
additional time in school. Hanushek (1986) findings point towards a negative realtion between
spending and education output. Somers (1997) explains this latter results by constructing a
model that can reproduce positive or negative estimates of the spending-quality relationship
even when this relation is positive by construction.

"References emphasizing supplementarity can be found among others in Epple and Romano
(1996) and Clotfelter (1993).



where ¢ > 0, a € (0,1) is the labor share of output, and Y;, K; and L, are the
levels of output, capital input and effective labor input, respectively. The level of
capital used by the production sector is equal to the aggregate asset holdings of
the agents in the economy or, if the interest rate is given, to the level of capital
that clears the factor market. It depreciates at a constant rate 6 and evolves
according to the law of motion,

Kt+1 - (1 - 5)Kt + It. (27)

The effective labor input is given by the number of hours worked by the agents
in the economy weighted by their levels of human capital,

2
Ly = Ni > i Siihi, (2.8)

i=1

where NN, is the size of the population in period t.

The government in this economy implements the education policy chosen by
the agents through voting. Given the selected level of income taxation the gov-
ernment sets the amount of funding so that the education budget is balanced®.
The constitution does not allow the young agents to vote and the only political
decision facing the voters in this economy is to decide on a level of income taxa-
tion to finance the education of the young agents. The endogenous level of income
taxation is represented by the tax rate on income, 7;. When setting up the tax
schedule, the policy makers care only about being elected, and so they maximize
the number of votes. As a result, any party in office will follow the same policy
and that policy is the one that is voted for by the greatest number of agents.

The social security budget is also assumed to be balanced period by period.
The government must implement the social security’s labor income tax rate so
that its budget is balanced each period.

SSy = Tss,ttht

where SS; is the level of benefits paid to the current retirees.
Finally, I assume that the government distributes all accidental bequests iden-
tically among all the adult agents as a lump-sum transfer described by 7; ¢,

{ 0 for i=1,
Tig =19 X0 ,0-q)py(tri(1-7))ai :
S (i) otherwise,

8] assume that the government only taxes domestic income.
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3. Equilibrium

In this model the individuals have two roles: they are economic agents that buy
goods, accumulate assets, and supply labor, and they are participants in the
political process through which policies are determined. I begin by describing
the economic decisions given a sequence of political outcome functions. I then
describe how the political decisions that determine this sequence are made.

3.1. Economic Equilibrium

The economic problem of an age ¢ individual at time ¢ can be written as

‘/Z('I.ZJ X7 T) = maXC@,(l hi,di7ei7gi{U(ci7 1 - dl - hl)+

/
417

5C]z'Vz‘+1($§+1; Xt/+1; T)

+1(i=2)8, fVi(z1, X;7)}
(3.1)
s.t.
aj, =1 +r(1—714))(ai — g + ;) +yi —ci — e + 15,

- Si + ed?d (61‘ + p)”e for i=1,
L) g, otherwise

yi — { wihisi(1 — 1) — Tss), fori=1,2,

sS, for i= 3.
X' =X'"(X;7),
T ="T(X),
Vi=0.

where x; and X are vectors describing respectively the individual state of an agent
(a; +b; — g;, s;) and the aggregate state of the economy (A, S). A and S represent
the distributions of physical and human capital across agents. I is an indicator

function defined as
. 1 ifi=2,
I(i=2) = { 0 otherwise. (3.2)



X'(X;7) is the law of motion of the aggregate state of the economy X. T is
a given political outcome function that determines the level of the tax rate on
income in each period. Hence, I am assuming that for each period the level of
the tax rate is exogenously given.

A set of decision functions ¢;(z;, X;Y), di(z;, X;Y) e;j(x;, X;7T), hi(z;, X;7),
ai(x;, X;7), gi(z;, X; T); laws of motion X'(X; T); and value functions V;(z;, X; T)
are obtained for the current state of the economy (X).

Competitive firms maximize profits, which are equal to Y; — 6 Ky —w, L; — r Ky,
taking the wage, w;, and the interest rate, r;, as given.

The first-order conditions for the firm’s problem determine the following func-
tions for the net real return to capital and the real wage rate:

Ry(X) = (1 — a)p(74) ™% = &,
(3.3)
Wi(X) = ap(2)1-e,

Ly

3.2. Political Equilibrium

I now specify how agents make their political decisions and how the sequence of
functions T; describing the policies is formed.

Truthful voting:

In this economy each agent has measure zero. Thus, individual voters do not
view their decisions as influencing the aggregate political outcome. In a political
environment the best strategy for the agents, if they have some positive probability
of being the “pivotal voter”, is to act as if they were the “pivotal voter”. As
there are no strategic gains from misrepresenting their preferences, the dominant
strategy when the agents have a positive probability of being the pivotal voter is
to vote for their most preferred alternative at every stage of the game.

Consequently, in spite of the outcome being exogenous to each agent, each
agent votes as if he were a dictator in the voting period and a “result taker” in
the other periods.

Political Choice at the State Level :

In order to be able to compare a state wide to a nation wide public funding of
education decision I assume that a nation can be divided into a finite number of
states and the policies of each one of these states have measure zero at the national

10



level. That is, the states are such that changes in the state level variables have
no effect at the national level. We can think for instance of the federal states in
the US or regions from the different countries of the EU.

Therefore, when the political decisions are made at the state level, the voters
consider that their choices do not affect the factor prices.

Equilibrium:

The existence of an equilibrium (or equilibria) where the agents vote for a
positive level of publicly financed education has to be confirmed. To determine
whether Y;(X) is an equilibrium political outcome function it is necessary to
consider whether the agents have any incentive to deviate and vote for 7, # T, (X)
at any point in time.

The effects of a policy change can be analyzed by finding the future law of
motion of the state variable implied by the responses of agents to the new policy.

The solution to the agents’ political problem involves evaluating the utility
obtained under the alternative values for the policy parameter, 7;. This requires
that the agents can predict the future path of the economy under alternative
current policies, which in turn requires the ability to predict the corresponding
future policies. Therefore, in general equilibrium agents consider the outcomes of
policies that will never be realized, and rationality is maintained in the subgames
which would occur in the case of any deviations from the equilibrium path.

The problem of the age-i agent can be formulated in the following way:

‘/i(mia X; T, T) = maxci,a h;,di.ei,g; {U(Ci’ 1-— dz - hz)+

i
i1

BqiVipr (g, X5 1)+ (3.4)

I(i=2)3, f Vi(z1, X, 757)}
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s.t.

a;'+1 = 14+r(I—7i)(a; — g +b;) +ys —ci —e; + 15,
o ] i +60d}(e; + p)e  for i=1,
s otherwise

o whysi(1 — 1) — Tgs), fori=1,2,
Yi = 58, for i= 3.

X' =X'(X,7;7),

Vi=0.

A set of decision functions ¢ ;(z;, X, 7; 1), eri(x;, X, 7 0), dri (2, X, 7, 7)), hrg (2, X, 73 7),
al(x;, X, 1;7), gi(z;, X;Y); laws of motion X/ (X,7;7T); and value functions
\Z(mi, X, 7;T) are obtained for the current state of the economy (X). Next peri-
od’s decisions are given by the functions from the individuals’ economic problem

(3.1).

As agents vote for the education policy parameter 7, they choose from a
continuum of possible tax levels; in this context, where there are more than two
possible choices, the majority rule might not be a well defined aggregator. Since
there is no intragenerational homogeneity and only two generations of agents vote,
the majority rule is a well defined aggregator and the pivotal voter is an agent
from the biggest generation, the second.

In a model with intragenerational heterogeneity or where there are more than
two generations of voters, if preferences over the possible policies are single peaked,
the median voter theorem can be used to obtain the aggregated political outcome.

Black’s Median Voter Theorem says that, with a majority rule, if the
number of agents is odd, there is a unique outcome equal to the best outcome
for the individual whose best outcome constitutes the median of the set of best
outcomes.

Lemma: Let m be the generation where the median voter is located, then
the aggregate choice will be determined according to:

To(X;T) = T2, X5 T) = arg max Vi (@, X, 73 7). (3.5)
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3.3. General Equilibrium

Definition: A stationary equilibrium is a set of value functions V;(z;, X;T),
\Z(mi,X ,7;T); decision rules for consumption and asset holdings c¢;(z;, X;T),
cri(xy, X, 0), e5(x, X5 0), ey, X153 X)), ai(xy, X5 X)), aly (s, X, 730, diy(24, X5 7)),
dri(xi, X, 7;0), hi(xy, X51), hei(z, X, 13 Y), gi(2i, X5 1), grizs, X, 75 7); laws of
motion for the distribution of skills and of capital X'(X;T), X/ (X, 7;T); a pair
of relative factor price functions {W(X), R(X)}; a function for the level of cap-
ital per capita K(A):° and a political outcome function T(X) such that these
functions satisfy :

(i) The individual’s dynamic programs (3.1) and (3.3).

(ii) The first-order conditions of the firm’s problem (3.2).

(iii) Factor markets clear:

- 1 3
K=—— i1, 3.6
R 3
L=> psih. (3.7)
i=2

(iv) The commodity market clears:

St [ci(ws, X5 1) + hi(zy, X50) 4+ ei(2i, X; 1)) + iy p (3.8)
— F(K,L)+ (1 - §K, ‘

St [Cri(@e, X, T3 X) 4 b (2, X, 73 0) + €7 (26, X, 73 V)] 4+ g p

— PR, D)+ (1- 6K, (3.9)

(v) The laws of motion for the distribution of capital are generated by the
decision rules of the agents, which is described by the following vectors:

X'(X;7) = [a;(mi,X; T) s; + di(zi, X; )% (e;(z;, X; ) +p)neL:1 . (3.10)
XX T) = [t X, 0) s+ 8, X, 3 e X 0) 4 ]
(3.11)

9A variable with a hat indicates that the variable is expressed in per capita terms.

13



(vi) The public education system is self financing:
T {TE—}- wf/] = 1y P, (3.12)

as well as the social security system:

TssW = [ig SS. (3.13)

(vii) The consumer problems (3.1) and (3.3) are consistent!":

di(x;, X571) = dpi(zs, X, T(X); T),
X'(X;7) =X (X, T(X);7T),
Vi, X;Y) = Vi, X, T(X); 1),
ci(xi, X51) = crizy, X, T(X); 1),
ei(xy, X5T) = eri(x;, X, T(X); 1)
hi(zi, X;0) = hyi(zs, X, T(X); 1)
9i(z;, X;7) = gri(z;, X, T(X); Y) and
ay(z;, X; V) = al,(z;, X, T(X); 7).

Y )

(viii) The function T(X) is the political outcome:

T(X) = 74(X; 7). (3.22)

In a small open economy the interest rate is given:
R(X) =T, (3.23)

and the aggregate level of capital will be such that the first order conditions for
the firm’s problem will be satisfied.

0 That is, the sequence of policy functions Y(X) is currently generated by the preferences of
the agents when the agents take Y(X’) as the expected equilibrium political outcome for the
next period. If the agents believe that the political system described by the sequence Y will be
sustained, then the political outcome for the present period will be the level 7 = T(X). Their
decision functions will therefore be the same as the ones obtained when the agents take the
whole sequence of policy decisions as given, (see problem 3.1).
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3.4. Solving for an Equilibrium

As explained above, this problem involves evaluating the utility obtained under
alternative values for the policy parameter, 7;, which requires that the agents can
predict the future path of the economy under alternative current policies, which
in turn requires the ability to predict the corresponding future policies. That
is, to compute the equilibrium political outcome function, Y(.), it is necessary to
know how changes in 7, will affect the future states of the economy and the future
political outcomes 7,1 = T(X). Accordingly, we must compute a fixed point for
the function Y(.).

Previous work in this area has avoided this problem in two different ways.
Some economists assume that agents are myopic voters and therefore do not
see this relation between their current political choices and the future political
outcomes. Others have chosen to restrict the functional forms of the utility or
technology functions and the overall structure of the model in order not to have a
relation between the current political decisions and the future political outcome.

I chose not to restrict the model economy a priori and apply an approach sim-
ilar to the one used in Soares (1996) to solve for the politico-economic equilibrium
of the economy. This method is an application to OLG models of the method
developed by Krusell and Rios-Rull (1993).

4. Calibration

To solve the model numerically T must assign values to the parameters of pref-
erences and technologies. Some parameters are taken from empirical estimates
or standard calibrations of similar models; others will be set to fit observations
on capital-output ratio, rate of return, transfer levels, hours worked and hours of
schooling. I will calibrate the model assuming that the model period is 25 years
long. Agents in this model are assumed to be born at the age of 0 and become
workers at age 25, working 25 years and retiring thereafter to a total real-life age
of 75.

Survival Rates:

I set the probabilities of surviving to be the probabilities of the agents surviving
from the middle of the respective age group to the middle of next one using the
values from Lee and Carter (1992).
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Table 4.1
| Age group | Probability of Surviving

0—24 q1 = 990947
25— 59 g2 = 946077
over 60 q3 =0

Fertility Rate:

In order to have a population growth rate that matches the observed popula-
tion growth rate for the US economy, I assume that agents can have a non-integer
number of children. The exogenous fertility rate is calibrated so that the popu-
lation growth rate for our model will match the average population growth rate
in the US economy in the last decades, .012 (Citibase Data, 1946-1993). For the
three generation model this translates to a growth rate of n = .3475.

Preferences:

In the benchmark model I choose the value for the coefficient of risk aver-
sion and the discount factor so that in the politico-economic steady-state the
capital-output ratio and the output-consumption ratio are approximately 3 and
1.2 respectively. I set the coefficient of risk aversion p equal to 1.3 and I set (3 to
be the equivalent in the three generations model of the value (.999). Assuming
that agents live for 75 years, this means that 3 will be such that 5 = .9997/2.

I take the coefficient of consumption in the utility function, o, to be .16, this
value implies that on average agents on the labor force allocate a third of their
time to market activities.

Altruism:

To calibrate the rate at which the parents discount the utility of their children
I choose [3,to match the level of transfers from parents to dependent children
based on US data. This includes the costs of rearing children. Unfortunately,
the literature on child costs is very limited. Bassi and Barnow (1993) compute
estimates of parents expenditures on their children and come out with a lower
and an upper bound for child costs.

According to the authors, the upper and lower bound estimates of expenditures
on children as a share of the family’ total expenditures are!!:

UData from U.S. Consumer Expenditure Survey (CEX)
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Table 4.2
Lower Bound Upper Bound | Average

1972-1973 CEX | 1980-1986 CEX
Rothbart, Lazear | Engel
and Michael and Betson
Number of Children:
One 16 33 24.5
Two 27 49 38
Average per Child 14.33 27.33 20.83

The altruistic discount factor is set to match the share of the total household
expenditures that correspond to expenditures on each child. I chose to match
the ratio of each child consumption to the total family consumption in the model
(CQE—}CI) to the estimated average shares for the one and two children cases, 20.83.
This corresponds to a ratio of expenditures on each child to total household ex-
penditures slightly above the average upper bound share.

Production Technology:

Following Cooley and Prescott (1995), the share of labor in the production
function is set to be .6 . I set the depreciation rate to be 6.4% on an annual basis,
so that the steady-state investment/capital ratio for this economy is .076'2.

Education Technology:

I choose parameter values for the education technology such that the steady-
state equilibrium of the model matches some observations for the US economy. In
particular, I require that the steady-state matches several aggregate, expenditure
and time allocation levels. In addition to the usual variables, I have three more
decision variables in this model: time allocated to education and private and
public funding of education.

Some studies have estimates for the elasticity of the increase in educational
attainment with respect to spending per pupil. The range of estimates is very
wide and the conclusions from the literature on the evidence of the impact of
(public) school quality on learning is mixed (see Card and Krueger, 1994, Betts,
1994, Hanushek, 1986). These values range from -.01716 to .1322 (see Betts,
1994). The elasticity of earnings with respect to spending per pupil ranges from
.01 to .29 (see Card and Krueger, 1994). Card and Krueger (1994), survey the

12 The steady-state Investement/Capital ratio in this model economy is equal to the population
growth rate plus the depreciation rate.
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literature on the economic returns to school quality and they observe that the
arithmetic average of 25 estimated elasticities is .16. According to Betts (1994)
the results are higher for some studies where a functional form for the education
production function similar to the one in this paper is assumed. For instance, for
a human capital production function of the type

— = ce] — sy, 0<n <1,

Heckman (1976), estimates 1 to be .67.

I calibrate the coefficient of expenditures in education in the education pro-
duction function so that the elasticity of means earnings with respect to per pupil
spending on education comes close to .2, as in Fernandez and Rogerson (1994).

Note that in the model’s education technology the elasticity of educational
attainment to spending per student is given by

od]4els

n
51+ 0diiels

which, for positive values of the initial level of skills, is inferior to the parameter
778'

The coefficient of investment in the education process is set to .22, so that
in the final equilibrium the elasticity of educational attainment to spending per
student matches the values observed for the US economy. The decreasing returns
to the time invested in the learning process mainly reflect the limits to the capacity
of individuals to learn.

I target the average hours of time dedicated to education in school. Unfortu-
nately, data on participation in education related activities is scarce. Jorgenson
and Fraumeni (1991), calculated the level of school hours per capita for the post-
war US economy by assuming that enrolled individuals are in school 1300 hours
per year which seems excessive. From NCES (National Center for Education Sta-
tistics) data for recent years, the average days of school attended per pupil (pri-
mary and secondary school only) in the US is around 161. This number should be
higher for higher education students but they also constitute a small share of the
student population. I assume that the higher education students attend classes
for the average length of the school term which is about 180. So the average
attendance rate for a student should be approximately 167.65. If we consider that
the average hours in school per day is 7, we get a total hours per year per enrolled
student of 1173.55. The median number of years of education for individuals over

18



25 years old is 12.5, this corresponds to 62.5% of a students lifetime in our model
(4 to 24 years old). So, the amount spent in school per agent of school age is
roughly 14.35% of the available time.'?

The coefficient in the education process corresponding to the time dedicated
to the accumulation of human capital is set to .45.

The values for the total factor productivities in the production and in the
education sector are chosen in order to replicate the US observations for the
average level of output per capita in the last decades and attain a reasonable level
for the share of GDP allocated to the private funding of education.

Exogenous Political Parameters:

The level of the social security tax rate is set exogenously to 9.4% following
Halter and Hemming (1987).

The parameter choices are summarized in the following table :

Table 4.3
| Benchmark Calibration - 3 Generations |
f J6] plo |B,ls1]0 |n || o Mg | Tss

1.3598 | 9753 | 1.3 (.16 | .3 | 1 [ 30| .22 10| .6 | .8086 | .45 | .094

5. Findings

5.1. The Benchmark Calibration

In order to evaluate the importance of the impact of the education policy on the
factor prices in the determination of the politico-economic equilibrium, I compare
the closed economy equilibrium with the equilibrium resulting in a small open
economy where the factor prices are exogenously given. I present two economies
with fixed factor prices, in the first one (open) I set the wage and interest rate to
their politico-economic equilibrium levels in the closed economy. In the other one
(State) I compute the politico-economic equilibrium levels in the closed economy
when the decisions are made at the state wide level, that is I assume that each
state’s education policy does not affect the factor prices.

13To obtain the total time devoted to education I should correct this value by the amount of
time allocated to human capital accumulation out of school and the leisure time in school.
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Table 5.2.1

Benchmark I

Equilibrium: 7 =0 | closed | open State
Tax Rate 0 .0824 .0792 .0792
o 3.1283 | 3.0896 | 3.0897 | 3.1023
WorkTime .2979 .2809 281 281
rarenta . ransiors 1444 0994 | .0987 | .0997
e 044 0 0 0
e 0| .0742| .0714| .0713
Income per Capita | 15.4237 15.67 | 15.5373 | 15.5546
Skill Level 15.1883 | 16.4758 | 16.3098 | 16.3156
Wel fare Bene fits .0969 .0863 .09

From a steady-state without public education, the sequence of political and
economic choices will lead the economy to a steady-state with public funding of
education. The steady-state levels of the policy parameter that maximize the
utility level of the second generation agents in the closed economy and in the
small open economies are respectively

7" =.0824, .0792 and .0792

These policy parameters are sustainable in steady-state, so they will be political
equilibria.

Furthermore, these taxation levels and the corresponding levels of investment
on education, 7.42% 7.14% and 7.13%, seem reasonable (see table 5.2.1). In the
countries with levels of development similar to the US, educational expenditures
have been around 6-7% of the national product in recent decades.

The table labeled Benchmark I shows the equilibrium average supply of hours
of labor, the capital-output ratio and the resources allocated to education in the
absence of public funding of education (7 = 0, first column) and for the equilib-
rium tax rates (other columns). Here we see the reason why the public funding
of education has such important general equilibrium effects on the economy: the
equilibrium levels of output and of physical and human capital are strictly increas-
ing with the level of public funding of education. The introduction of publicly
funded education increases the aggregate per capita levels of these variables and
redistributes resources to the current and future workers, bringing up average
utility for both the agents alive in the initial period and those not yet born.
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The young agents can allocate the parental transfers to increase both their
current and future consumption. They also realize that an additional unit of time
spent learning or of investment in education will increase future consumption but
at the expense of current consumption (both of leisure and of the consumption
good).

As the level of public funding increases, initially the substitution effect will
dominate, and the young agents will reallocate time to education, while using more
of the parental gifts for current consumption. During this stage, the transfer of
time into education increases the productivity of the investment in education and
is an extra incentive for the current workers to finance the young agents’ educa-
tion. The increase in the resources available to the young agents is an incentive
for the parents that can reduce the amount of transfers to their children. As
the wealth effect becomes stronger, the effect on the number of hours devoted to
education becomes weaker, and the displacement of resources to private consump-
tion increases. The accumulation of skills will be supported by a higher level of
physical investment but a lower level of schooling time.

The effect of the decrease in parental transfers and of the drainage of pub-
lic resources to private consumption seems to offset the increase in school time,
leading to a decrease in the support for higher levels of public education.

In the benchmark equilibrium, altruism plays a central political role as parents
vote for the public funding of their children education. As the generation of
parents cares about the lifetime utility of their offspring, they want to transfer
resources from the adult agents in the economy to their children through the
education policy. This will enable the children to accumulate higher levels of
human capital while getting a lower level of transfers directly from their parents.

But the equilibrium level of taxation as well as the share of GDP allocated to
public funding of education is lower in the small open economies where the factor
prices are taken as given.
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Table 5.2.2
No Altruism

Equilibrium T=0 T
Tax Rate 0 .0623
Sapita 3.8404 | 3.7452
utput

WorkTime — Adults .2407 .2405
WorkTime — Children | .1802 1462

ot 0129 0
ot 0 .0548
Education time .0804 .0863
Output per Capita 9.7718 | 13.3055
Skill Level 83175 | 12.111

As a reference 1 also computed the steady-state for the economy without al-
truism and where the young agents are allowed to work in order to finance their
consumption and education (see table 5.2.2). In this economy, because of borrow-
ing constraints and the presence of factor complementarities in the production
function, agents that are currently accumulating capital support public funding
of education as in Soares (1996).

Furthermore, the steady-state level of the policy parameter that maximizes
the utility level of the second generation agents in this economy, is .0623 which
corresponds to a share of GDP allocated to public funding of education of .0548,
which is relatively high when compared to the equilibrium level attained in the
presence of altruism. A higher level of publicly funded education would probably
be supported in equilibrium if the young agents would allocate more time to their
education instead of having to work to finance their consumption.

These results show that in the presence of altruism towards the young agents
the general equilibrium effects induced by public investment on education have a
strong influence in the determination of the political equilibrium.

The complementarity between capital and labor in the production function,
and the market incompleteness are strong enough to motivate support for a higher
level of publicly funded education. So, besides the marginal value of public invest-
ment on education due to altruism the marginal value stemming from the general
equilibrium effects also has to be taken into account.

The complementarity between physical capital and labor implies that when
the labor input increases the return on capital also goes up. Therefore, the agents
that are currently accumulating capital, the middle-age agents, are also interested
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for selfish reasons in publicly funded education in order to improve the skills of
next period’s workers. Besides sharing the cost of their children human capital
investment with the older generation, the middle-age agents are also offered the
opportunity, by voting on the public investment on education, to increase the
return on physical capital.

We can better evaluate the importance of the general equilibrium effects look-
ing at their welfare implications. For the same factor prices the change in the
level of welfare due to the internalization of the general equilibrium effects by the
voters accounts for around 10% of the increase on welfare from the steady-state
without publicly funded education.

But this difference understates the impact of the general equilibrium effects
in the equilibrium. In the model the level of benefits are a constant share of
the current labor income. For a given wage rate an increase in the level of skills
of the future workers will increase labor income increasing therefore the level of
benefits of the future retirees and the middle-aged workers will take this effect
into account when choosing the education policy. This is a general equilibrium
effect of education that is bigger in a closed economy where factor prices are fixed.
Furthermore, in reality there is no such connection, or at least it is not as direct,
between the level of the social security benefits and the contemporaneous labor
income.

Table 5.2.3
| Benchmark II, 7,, =0 |
Equilibrium: 7 =0 | closed | open State
Tax Rate 0 .0903 0787 0787
Friwale 2a. 0489 0 0 0
utpu
ot 0| .0794| .0695| .0691
Income per Capita | 19.337 | 19.6388 | 19.0151 | 19.0936
Wel fare Benefits .0821 .0496 .0587

In table 5.2.3 T show the equilibria for the model economy without social
security. These results show that the way I introduced social security inflates the
equilibrium policy level in the economy with constant prices. The change in the
level of welfare due to the internalization of the general equilibrium effects by the
voters accounts for around 37% of the increase on welfare from the steady-state
without publicly funded education.

In order to make a more accurate evaluation of the impact of the price effects of
the education policies in the determination of the political equilibrium I eliminate
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social security from the model.

Fernandez and Rogerson (1994) show that a move from a community wide
to a state wide public funding of education decision can raise steady-state wel-
fare level. In their model an education policy financed at the state or national
level leads to the reduction of the heterogeneity in the investment in education
obtained under the state level policy. This leads to a more equal distribution
of income that implies a higher average income for their benchmark calibration.
The redistribution of resources and the higher level of expenditures in education
resulting in the state choice system offset the benefits from the local choice system
that allows the agents to sort themselves across communities according to their
preferences.

The results in this paper support these findings. A move from a community
wide to a state wide public funding of education decision can raise steady-state
welfare level. Although this model economy abstracts from specific features of
the community level policy choice models it allows us to study a cause of the
welfare improvement that seems to be overlooked in the literature. In fact, in the
economy studied, the community level policy choice is equivalent to the private
funding of education in the sense that the parents support all the costs of their
children education and consumption'*. When choosing at the state level, the
parents will be able to share the cost of their children education with the rest
of the economy. The ratio of contributors to beneficiaries increases as the older
agents in the economy will also pay taxes to finance education. For a given tax
rate more funds will be collected and the pivotal voter will also want a higher tax
rate than the one that would be chosen at the community level. The consequent
increase in expenditures in education guarantees welfare gains from a move to a
state level education policy without the need to resort to the gains from equity
that might be obtained under the new system.

Moreover, the results show that a move from a state wide to a nation wide
decision level where the general equilibrium effects of the education policy on the
factor prices are internalized by the voters further improves the welfare of the
agents in the long run but it also increases the level of income in the economy.

14 More precisely, the equilibrium with private funding of education is equivalent to an equi-
librium with public funding of education financed with a non-distortionary tax chosen at the
community level.
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5.2. Comparative Statics

I study the response of the equilibrium level of the tax rate to variations in the
social security tax rate, the total factor productivities, the population growth rate
and the degree of altruism in the following tables.

Again, in order to evaluate the importance of the general equilibrium ef-
fects on the politico-economic equilibrium, I compute the equilibrium for the two
economies where the factor prices are exogenously given: (open) and (State).

Table 5.2.4
| Sensitivity Analysis, 7,, = .12

Equilibrium: 7=0 | closed | open State
Tax Rate 0 .0801 0789 .0789
Pimte 0427 0 0 0
e 0| .0725| .0715| .0714
Income per Capita | 14.4845 | 14.7167 | 14.6709 | 14.6768
Wel fare Bene fits 101 .0969 .0984

An increase in the social security tax rate results in lower equilibrium levels of
public funding of education. The wealth effect of the increase in the social security
level of benefits reduces the incentives of the young and middle-aged agents to
allocate more resources to the human capital accumulation. In particular, due to
a larger level of social security benefits and taxes, the middle-aged will be less
motivated to transfer resources to the younger agents privately or publicly. The
economy with a higher social security tax rate has a lower initial steady-state stock
of capital per capita than the benchmark economy and therefore higher interest
rates. The increase in the social security tax decreases the return of the public
investment on education, decreasing the equilibrium level of the tax rate.

The general equilibrium effects seem to be much less important, but this is
mainly due to the social security effect described previously. The impact of
education in the future social security benefits through its impact on the effective
labor supply almost compensates for the factor prices rigidity.

In the economies where the factor prices are taken as given, the equilibrium
tax rates and shares of GDP allocated to public funding of education are higher
than the ones in the economy without social security and lower than in the ones
in the benchmark economy with social security.
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Table 5.2.5

Sensitivity Analysis, ¢ = 20

Equilibrium: 7=0 | closed | open | State
Tax Rate 0 .0915 | .0799 .08
—Prc‘)‘l’f‘tqutd' .0498 0 0 0
Tt 0| .0805| .0706 | .0702

Income per Capita | 84.3433 | 85.5304 | 82.813 | 83.1574

Wel fare Benefits 0824 | .0498 .059

An increase in the level of the total factor productivity increases the level
of publicly funded education as a percentage of income. As the level of income
increases so does the investment in capital and human capital. Due to the de-
creasing returns to spending in education, increasing amounts of public resources
need to be allocated to the education process in order to attain higher levels of
human capital. Note however that the elasticity of the share of GDP allocated to
public funding of education relatively to the level of income is very low.

Table 5.2.6
| Sensitivity Analysis, 6 = 50 |

Equilibrium: 7=0 | closed | open State
Tax Rate 0 .0925 .0809 .0809
%’;’)ﬁf' .0504 0 0 0
e 0| .0813| .0714 071
Income per Capita | 36.6985 | 37.1729 | 35.9916 | 36.1421
Wel fare 0828 | 0.0499 .0592

The political equilibrium is very sensitive to changes in the education technol-
ogy parameters. When the total factor productivity of the education technology
increases the rentability of the investment on human capital goes up, and the
equilibrium tax rates are higher.

Notice that the difference in the equilibrium share of GDP allocated to public
funding of education between the open economy and the closed economy for the
benchmark calibration is much bigger than the difference between the open econ-
omy in the benchmark calibration and the open economy with the double of the
total factor productivity.

Notice that even when the total factor productivity in the production sector
doubles the model still does not match the increase in the tax rate or in the share
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of GDP allocated to publicly funded education obtained when the factor prices
are endogenous. The same happens when there is an increase the total factor
productivity in the education process.

Table 5.2.7
| Sensitivity Analysis, n = .4156 |

Equilibrium: T7=0 | closed | open State
Tax Rate 0 .0918 .0825 .0825
%’“&Ed .0514 0 0 0
e 0| .0813| .0733 073
Income per Capita | 18.5634 | 18.6688 | 18.2099 | 18.2714
Wel fare .086 .0582 .0666

An increase in the population growth rate increases the equilibrium tax
rate and the share of GDP allocated to public funding of eduction. As parents
have more children, they will give relatively more importance to the welfare of
the younger agents and therefore to public funding of education.

The general equilibrium effects will impact strongly on the valuation of public
education increasing the equilibrium tax rate from the fixed prices situation. But
the weight of altruism in the agents’ behavior increases, and this decreases the
gains from the movements in the factor prices.

Table 5.2.8
Sensitivity Analysis, f = 1.4286 ¢, = .9432 |

Equilibrium: 7=0 | closed | open State
Tax Rate 0 .0897 0785 .0786
Pimte 0488 0 0 0
o 0| .0789| .0694 .069
Income per Capita | 18.3313 | 18.6084 | 18.0378 | 18.1095
Wel fare Benefits .0826 .0506 .0597

An increase in the fertility rate and therefore in the share of students to middle
aged has a very small and opposite effect in the share of GDP allocated to public
funding of education when the population growth rate stays constant. Because
the probability of the children becoming productive adults is lower, the expected
return to the investment in human capital is lower.

Therefore, the impact of an increase on the share of young agents in the
population on the equilibrium level of the share of GDP allocated to public funding
of education strongly depends on the nature of this increase.
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Table 5.2.9

| Sensitivity Analysis, 5, = .4 |
Equilibrium: 7=0 | closed | open State
Tax Rate 0 .1007 1047 1047
%‘fid .0657 0 0 0
e 0| .0894| .0928 .093
Income per Capita | 22.0324 | 20.8856 | 21.0707 | 21.0394
Wel fare Benefits 0737 .0861 .0806

Increasing the factor at which parents discount their children life-time utility
increases the importance of investing on education for purely altruistic reasons.
The marginal value of public investment on education due to altruism increases.
The optimal tax for the pivotal voter in the small open economies is at a level
where the value of the general equilibrium effects is negative. Allowing for these
effects will have then a negative impact on the equilibrium level of public funding
of education, income per capita and level of welfare.

The model economy can also account for the disparity in public spending
on education as a share of output across countries. The model predicts that the
share of GDP devoted to formal education increases with per capita income across
steady-states with different levels of total factor productivity. This result finds
support in the evidence, and is not a feature of other models where publicly funded
education is generated by altruism and intragenerational inequalities. In most of
these models, the fraction of GDP allocated to public education and per capita
income are negatively correlated.

Even though the data shows a positive relation between income per capita
and the fraction of GDP allocated to public education, some low income countries
allocate to education a share of their GDP comparable to the figures reported for
more developed economies.

The relations found in this paper between the fraction of income devoted
to public education and factors like the population growth rate, the degree of
equity explain the differences observed across countries with the same level of
development. The share of income allocated to publicly funded education can
increase with the proportion of school aged children in the population as found
in the data but it can also decrease depending on the nature of the change in
this share. Also, the level of public expenditure on education as a percentage of
income is very sensitive to changes in the social security policy parameters. The
economies with a higher social security tax rates have lower equilibrium levels of

28



the share of income allocated to the public funding of education. But I recall that
the relation between social security and the equilibrium level of the share of GDP
invested in public funding of education depends strongly on the way I introduced
social security in the model.

6. Intragenerational Heterogeneity

Most of the models in the public education literature require a certain degree
of intragenerational inequality in order to generate support for a positive level
of public education. Namely they depend on the median voter being one of the
poorest agents in the economy and wanting a higher level of taxation than the
average voter would.

In Glomm and Ravikumar (1992, 1994) and in Fernandez and Rogerson (1994),
the agents that are poorer prefer a higher level of public funding of education. If
the median voter is poorer than the average voter the political outcome will be a
positive level of public educations. The only factor that supports public funding
of education is the existence of a majority of agents that have incomes below the
average and get a net transfer through this policy. The support for public funding
of education increases with the distance between median and average income.

Saint-Paul and Verdier (1993) set up an economy where poorer agents prefer
more public expenditures on education, therefore the economy will grow faster
when the distribution of income is less equitable. As the inequality drops the
median voter prefers less taxation and political support for public education de-
creases.

Given the fixed cost of acquiring education introduced by Perotti (1993) “the
lower the pre-tax income of the median voter relative to the average, the higher
her preferred tax rate and therefore the share of government expenditure in GDP”

So in these models the more unequal the income distribution is the higher will
be the redistributive policy. Income distribution has to be unequal in order to
generate some support for public funding of education.'®

But, in Clarke (1995), Perotti (1996), Alesina and Rodrik (1994) and Persson
and Tabellini (1991), the authors show that inequality is negatively correlated
with growth and therefore is not a prerequisite for development.'

151n Bertola (1993), Alesina and Rodrik (1994) and Persson and Tabellini (1991), there is also
a positive correlation between income inequality and political redistribution.
16See Benabou (1996) for a summary of 23 recent studies of the relation between inequality
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Also, according to Peter Lindert (1996) “wider inequality in pre-fisc incomes
significantly reduces total government spending as a share of GDP” in particular
the anti-spending effect of inequality is also reflected in the level of public spending
on education. He also claims that “the mean/median income ratio fails to have
the positive effect on government spending that the median-voter models predict”,
referring to Meltzer and Richard (1981), Alesina and Rodrik (1994) and Persson
and Tabellini (1991) conclusions. This result also finds support in the work of
Perotti (1996) where he found that more equal societies invest more on education.

In Benabou (1996), at low inequality levels, a higher income dispersion im-
plies less redistributive policies, the reverse happening at high levels of income
dispersion.

In the model economy, public funding of education appears as an instrument
of intergenerational redistribution. The presence of intragenerational inequalities
is not a condition necessary for the support of publicly funded education.

In this section, I distinguish the agents of the same generation in two different
types to be able to study the relation between public funding of education and
intragenerational inequality. In order to obtain equilibria with non-degenerate
distributions in this economy inequality is determined by differences in the exoge-
nous parameters. I split each generation in two types of agents and assume that
60% of each generation’s agents are less wealthy than the other ones.

I analyze the effects on the political-economic equilibrium of inequality deter-
mined by differences in two exogenous parameters: the initial level of skills of the
agents and the total factor productivity in the education process. I focused on
these parameters because the effect of differences across agents stemming from
talent and how productive are the children in the learning process seemed to be

the most relevant for the education choices'”.

and growth or investement.
17The results are robust to changes in the parameters used to introduce inequality in the
model.
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Table 6.1

No Public Education Policy

shares: 60% 40%

Source of Inequality: s;; | (.75, 1.375) | (.5, 1.75) | (.25, 2.125)
Income per Capita 19.3377 | 19.3398 19.3433

Closed Economy
Tax Rate .0887 .0872 .0857
T 0 0 0
% 078 .0766 0753
Income per Capita 19.5715 19.505 19.4393
Wel fare Benefits 0794 .0766 .0736
Typel .0478 .0462 .0445
Typel I .0316 .0304 .0292

States

Tax Rate 0772 .0756 0741
T 0 0 0
% 0677 .0663 .065
Income per Capita 19.0135 | 18.9339 18.855
Wel fare Benefits .055 .0512 0472
Typel .0328 .0303 0276
Typel I 0222 .0209 .0196
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Table 6.2

No Public Education Policy shares: 60% 40%
Source of Inequality: 6; | (25, 37.5) | (20, 45) | (15,52.5)
Income per Capita 19.4767 | 19.8924 20.5897

Closed Economy
Tax Rate .0896 .0885 0
Diate b 0 0 0492
% 0787 0778 0
Income per Capita 19.6082 | 19.5636 20.5898
Wel fare Benefits 0774 .0521 0
Typel .0818 .0988 0
Typell —.0044 | —.0467 0

States

Tax Rate 0777 0707 0
Date b 0] .0035 0492
—P‘(‘)T;‘;id' .0682 .062 0
Income per Capita 19.0407 | 19.1372 20.5898
Wel fare Benefits .0516 .0429 0
Typel .0667 .0931 0
Typell —.0151 | —.0502 0

The equilibrium level of the share of GDP allocated to publicly funded edu-
cation decreases with the degree of inequality, as we observe in the data. This
is robust to the origin of inequality (I also tried some other parameters with the
same qualitative results) and to the level of inequality. As we can see in the ta-
bles presented (Tables 6.1 and 6.2), as the spread between the agents increases the
equilibrium level of the tax rate and of the share of GDP allocated to education
decreases.

The older generation’s agents always vote against any positive level of public
funding of education. Therefore the median voter will be an agent of the middle-
aged group that wants the lowest level of publicly funded education.

This result reinforces the importance of several factors on the determination of
the political equilibrium. In the one hand the optimal political choice of the agents
depends on how much they care about their children and on the productivity of
the investment in their children education and also on the level of assets they are
accumulating. In the other hand through their political choice the parents can
get the older generations to share the costs of their children education. The fact

32



that part of the population is poorer (richer) shifts a bigger share of the cost of
education towards (away from) them making the investment in public education
less (more) productive.

As a result, the median voter can be richer or poorer than the average voter of
its generation depending on the relative impact of these factors. But, even if the
poorer middle-aged agents want a higher level of public education than the richer
ones in order to redistribute resources from the richer agents to their children,
they will not be able to implement their wishes. The fact that the retirees do not
support public funding of education, in this case, would place the median voter
in the richer middle-aged group.

An interesting feature is that, what causes the negative correlation between
inequality and growth are the lower levels of government intervention caused by
inequality. There is no need to resort to “soak the rich” policies that slow growth
and increase with the level of inequality. This of course does not mean that these
policies are not important in explaining the observed relation.

This model also generates results supported by the finding of Clarke (1995),
Alesina and Rodrik (1994) and Persson and Tabellini (1991). In this economy,
education is the motor of economic development, and as the level of inequality
increases the support for public funding of education decreases which lowers the
level of development of the economy. This generates the negative relation between
inequality and growth.

Notice also that from a steady-state without publicly funded education, as the
level of public education increases, the degree of inequality decreases.

In the benchmark economy, where the only source of heterogeneity is age, the
public funding of education results in a “crowding-out” of private expenditures.
In equilibrium private and public education will not coexist; there is no mixed
regime. This is clearly counterfactual as we observe both private and public
expenditure contributing to the accumulation of human capital. The coexistence
of public and private education is obtained in equilibrium in the economy with
intragenerational heterogeneity in the distribution of wealth. In fact, for some
parameters, when the degree of inequality is high enough in the model economy;,
the wealthiest agents choose to supplement publicly funded education with private
investments in education while the other agents do not invest physical resources
on education.

Finally, an increase in the degree of inequality leads to a higher decrease in
the share of GDP allocated to public education in an open economy than in the
closed economy where the voters internalize in their decisions the movements in
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the factor prices induced by the education policy. When the inequality is bigger
also is the impact of these effects in the political equilibrium and on the level of
welfare. Therefore, the benefits of a move from a state wide to a nation wide
decision level are bigger in more unequal economies as it further increases the
level of income in the economy and improves the welfare of the agents in the long
run.

Table 6.3

Heterogeneous States shares: 60% 40%

Source of Inequality: 0; 0,
20 45 25 37.5
Tax Rate 0757 .0806 0776 .0799
Eaters o N Y I
e 0666 | 0707 | .0681 .07
Income per Capita 11.6103 | 31.6798 | 15.2454 | 25.2083
Wel fare Bene fits .0209 .0204 .0207 .0205
per total output .0123 .0331 .0164 .0269

If there is inequality across states then there will also be gains from equity
associated with the political choice at the national level (see Table 6.3). A pol-
icy chosen at the national level implies a higher level of income per capita and
higher level of welfare per capita in the steady-state. These gains are due to the
redistribution of resources from states with a lower return to the investment in
education, the richer states, to states with a higher return.

The intuition behind this result is similar to the one described by Fernandez
and Rogerson (1994) but at an aggregate level. Parents in poorer states invest
less in their children’s education. Given the decreasing marginal productivity of
the expenditures on human capital, these children will have a higher return to
their investment in education. There is therefore an efficiency gain from channel-
ing resources from the wealthier states with lower returns to their investment in
human capital to the poorer states with higher returns.

This result is robust to the source of inequality and only fails when the differ-
ence across states is caused by large disparities in the education process. If the
difference across states in the education technology parameters (6, 7., n,) is high
it is possible that the difference in the levels of investment is not high enough
to offset the structural differences in the return to education, and then it is not
efficient to redistribute resources across states. For instance, when the disparity
in the total factor productivity of the education process is high, the differences
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in the levels of investment in education might not be big enough to overcome the
difference in # and bring the return to education in the poorer states to a level
above the return to education in the wealthier states.

This would be true for the political choices of the poorer middle-aged voter.
But what actually happens is that as the difference in the capability of accumu-
lating human capital increases between the two groups of agents, the education
policy will imply an higher level of intragenerational redistribution. The richer
agents will be less willing to transfer resources to the poor agents as their gains
from the intergenerational redistribution will be relatively lower. Beyond certain
levels of inequality (for example 6; = 15, 6, = 52.5) the richer parents will also
oppose public funding of education and we will have equilibria where there is only
private education (or public education at the community level).

These large disparities in the education process across states can stem from
differences in the levels of human capital of the older generations. If we assume
that another factor in the human capital accumulation process is the time the
parents allocate to their children’s education weighted by their human capital
level, the offspring of more educated agents have a higher return to education.
It might then be more efficient to let states with highly (un)educated genitors
choose their education policies independently.

Table 6.4

Heterogeneous States shares: 60% 40%

Source of Inequality: 0,
15 52.5
Tax Rate .0726 .081
Private Ed. 0 0

Output

e 0639 0711
Income per Capita 8.2266 38.4631
Wel fare Benefits 0211 .0204
per total output .0084 .0388

Some questions arise when the policy decisions are made at the state level:
what happens when agents are allowed to move across states? How will the
migration of the older agents to states with a lower tax rate affect the equilibrium?
Will agents from poorer states migrate to wealthier states so that their offspring
will take advantage of the higher public investment in physical capital? The
possibility of the agents “voting with their feet” is important in this setting and
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might reduce dramatically the benefits from opting for a state level decision when
there are heterogeneous states, reinforcing the benefits of a nation wide choice of
the level of public resources to allocate to education.

7. Alternative Financing Instruments

Thus far, the fiscal instrument used to finance education is a tax on income. I
started with this assumption to replicate a type of taxation that does not dis-
criminate across sources of income and levies an identical tax rate on labor and
capital incomes. But this fiscal policy is highly distorting, mainly because it taxes
capital. In this section I analyze the effects on the politico economic equilibrium
of the use of less distorting types of taxation, namely I study the financing of
education through the taxation of labor income and of consumption.

A tax on consumption in this framework does not remove the distortions in
the physical capital accumulation, but it reduces those distortions. In fact the
parents will have a higher incentive to increase leisure and to transfer resources
to their children instead of accumulating capital or consuming, so that they can
invest more on education. However, in the politico-economic equilibrium, there is
no private investment on education and therefore this distortion is also removed
or, more precisely, is “transferred” to the political choice of the agents. The
lower level of distortions imply that the same revenue can generate a higher level
of welfare and income. Furthermore, because the older generations have higher
marginal propensities to consume, resorting to this type of taxation enables the
parents to transfer a higher share of the cost of the investment in education to
the elderly.

Finally, as this tax rate is less distorting, the increase in the support for public
education generated by the general equilibrium effects is reflected in a bigger
increase of the level of income and welfare per capita. In this case a policy choice
at the national level becomes even more attractive than the policy choice at the
state level.
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Table 7.1
| Consumption Tax |

Equilibrium: 7 =0 | closed | open State
Tax Rate 0 1519 1354 1354
—P%ﬁfjd' .0489 0 0 0
%‘fo 0 .1068 .0966 .0966
Income per Capita | 19.337 | 22.7733 | 22.1634 | 22.1634
Welfare 1.227 | 1.3373 | 1.3287 | 1.3288

The taxation of labor income will distort the choices of the agents away from
labor and also from the accumulation of human capital as the return to this
investment is directly related to labor income. The problem with this type of
tax is that in our three generations model it only taxes the second generation
that are not able then to share the cost of their children education through a
public education policy. In this case and given the distortions introduced by the
tax the politico-economic outcome in an economy with fixed factor prices is an
equilibrium without public funding of education. Surprisingly, when the agents
make their policy decisions in an environment with flexible prices a positive level
of public funding of education will be supported in equilibrium. This is due to
the increase in the future aggregate labor supply resulting from public funding
of education that implies an increase in the return to the agents’ investment in
capital. In fact the public investment on education not only increases the amount
of human capital accumulated by an agent’s children but it also increases the level
of human capital accumulated by all children and therefore the aggregate level of
human capital. The resulting benefits are strong enough to compensate for the
decrease in net labor income.

Table 7.2

| Labor Tax |
Equilibrium: 7 =0 | closed
Tax Rate 0 .0922
%ﬁfjd .0489 0
—Pg’%ﬁd' 0 .0553
Income per Capita | 19.337 | 17.7336
Welfare 1.227 | 1.2086
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8. Final Comments

The constructed economy mirrors the cross-country empirical facts on public
funding of education. The share of GDP allocated to public spending on education
increases with the level of development and the fertility rate. Furthermore, in this
model an increase in intragenerational inequality decreases the political support
for public funding of education, which is empirically supported, and this implies
a negative correlation between inequality and growth as found in the data.

In this paper, I also show that in the presence of altruism towards the young
agents the general equilibrium effects induced by public investment on education
have a strong impact on the politico-economic equilibria. The equilibrium tax
rate is higher in the economies where the factor prices are fixed implying that the
complementarity between capital and labor in the production function motivates
support for a higher level of publicly funded education.

This analysis is useful in comparing the implementation of a political choice
of publicly funded education at a national level where factor prices are flexible
instead of at a state or community level where factor prices would be taken as
given.

Fernandez and Rogerson (1994) showed that a move from a community wide
to a state wide public funding of education decision can raise steady-state output
level. The results in this paper support these findings and show that a move from
a state wide to a nation wide decision level where the general equilibrium effects
are internalized by the voters further increases the level of income and the welfare
of the agents in the economy. Additionally, the benefits of the general equilibrium
effects are bigger in more unequal economies, increasing the gains from expanding
the level at which education policies are decided.

Finally, I would like to mention the importance of the relation between fertility
and education decisions. In this paper, I studied the public and private educa-
tion decisions taking as given the fertility rate of the economy. I then analyzed
how the politico-economic equilibrium changed with changes in the fertility rate.
Perotti (1996) shows that fertility is negatively correlated with growth and posi-
tively correlated with inequality. Richer countries have a lower fertility and higher
investment in human capital. This can be related to a higher return on the in-
vestment in human capital and a higher opportunity cost of raising children. The
same thing happens within countries with richer agents. A redistribution through
public funding of education can increase the investment in human capital.
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