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Introduction

How does public education spending in�uence economic growth?

Human capital is often referred to as the "engine of growth" (Lucas,
1988)
Public education funding determines human capital accumulation,
therefore exploring this nexus is crucial (see Glomm and Ravikumar
(1998), Kaganovich and Zilcha (1999), and Blankenau and Simpson
(2004)).

How does public education spending in�uence income distribution?

Public education is one of the "greatest equalizers of the condition of
men" (Horace Mann)
See Loury (1981), Durlauf (1996), Fernandes and Rogerson (1998),
and Glomm and Kaganovich (2003))
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Introduction

The early literature relies on simplifying assumptions

Bénabou (1996), in addition to parental human capital and time,
considers public education in the production of future human capital
Lucas (1988) considers only a private input in human capital
accumulation
All inputs in Glomm and Ravikumar (1998), Kaganovich and Zilcha
(1999), and Blankenau and Simpson (2004) have unitary elasticity
Glomm and Kaganovich (2003) consider elasticity of public and private
investment in human capital as perfect substitutes
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Our paper

Our paper builds on the above literature in three main respects.
1 We allow for imperfect substitutability of public and private education
in a child�s human capital accumulation (see Tooley and Dixon (2007)
and Glomm and Kaganovich (2003, 2008))

2 We allow for complementarity between child�s ability and parental
human capital in human capital accumulation (this is operative only if
parental human capital exceeds a minimum exogenous threshold to
intellectually contribute to the child�s learning (see Cunha et al.
(2010)))

3 We also allow for non-homothetic preferences

We also assume that public education spending by the state is
�nanced by a variety of taxes (income tax, a tax on consumption, and
a centre-state transfer)

We then calibrate the model to a representative state (the state with
the median level of public education expenditures/NSDP in 1985) in
India
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Main Results

Economic growth is higher due to higher public education spending.

However, how higher public education is �nanced has a bearing on
the growth-inequality trade-o¤

If higher public education is �nanced by a higher consumption tax or a
centre-state federal transfer instead of a higher labor income tax, this
causes growth to go up by more but inequality to go down by less
If higher public education is �nanced by a higher labor income tax �
keeping consumption tax and centre-state federal transfer �xed � this
causes growth to go up by less and inequality to go down by more

Therefore, there is a growth-inequality trade-o¤

Computationally, we show that relatively large changes in funding
levels in education have relatively minor impacts on growth of
aggregate human capital, and the evolution of income inequality.
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Description of the Model

The economy consists of n OLG families who live for two periods
E¤ectively, parents have one decision � to derive utility out of out of
consumption (ct > c) and out of child�s human capital accumulation
(ht+1) such that

u (ct , ht+1) = φ ln (ct � c) + ln (ht+1)
where,

ht+1 =

(
B
�
E ρ
t + θeρ

t
� α

ρ (atht )
δ , ht > ht

B
�
E ρ
t + θeρ

t
� α

ρ (at )
δ , ht < ht

(1)

and,
(1+ τc ) ct + et = (1� τL)wtht . (2)

Et is (per-capita) public spending on education, et is private spending
on education, at is the child�s ability, ht is the parent�s stock of
human capital.
Note ρ 2 (0, 1): If 0 < ρ < 1, these two inputs are substitutes.
In the calibration, we will let ht = F�1ht (ψ).
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GBC: State and the Federal Government

The state government faces the following GBC

ntEt = τcCt + Tt .

Et =
τcCt + Tt

nt
.

where Ct is the state�s aggregate consumption, and Tt is the
centre-state transfer.
The following is the federal government�s budget constraint

Tt = ∆τLwtHt .

where ∆, τL, and τc are exogenous.
Note that the state is a net receiver of federal funds if

∆ > 1

and a net contributor if
∆ < 1
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Solving the model

The household solves the following

max
ct ,et

u (ct , ht+1) = φ ln (ct � c) + ln (ht+1)

subject to (1) and (2)

From (2)

ct � c =
et � et
1+ τc

where et is the maximum private expenditure possible for the household
on et such that

et = (1� τL)wtht � (1+ τc ) c . (3)

The FOC fetg yields an interior solution e�t such that,

(φ+ α) θ (e�t )
ρ = αθet (e�t )

ρ�1 � φE ρ
t , (4)
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Solving the model

From (4) and (3), two conditions emerge for e�t > 0.

First, from et > 0, there exists a cuto¤ level of ht below which et = 0

ht >
(1+ τc ) c
(1� τL)wt| {z }

Subsistence Threshold

= bht (5)

Second since Et and et are imperfect substitutes, Et and therefore the
tax instruments fτc , τLg cannot be too high.

Comparative statics: From (4) ∂e�t
∂Et
< 0, ∂e�t

∂ht
> 0, ∂e�t

∂τL
< 0, and

∂e�t
∂τc
< 0
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Equilibrium Dynamics

Dynamics of the model pinned down by:

bht > ht
ht < bhtbht = ht

We therefore get

ht+1 =

8><>:
B
�
E ρ
t + θ (e�t )

ρ� α
ρ (atht )

δ , ht > ht and ht > bht
B (Et )

α (atht )
δ , ht > ht and ht < bht

B (Et )
α (at )

δ otherwise

(6)
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Special case

When ρ = 1, we get

e�t =

(
αθe t�φEt
(φ+α)θ

, et >
φEt
αθ

0, otherwise
(7)

and

ht+1 =

8><>:
B
h�

α
φ+α

�
(Et + θet )

iα
(atht )

δ , ht > ht and ht > bht
B (Et )

α (atht )
δ , ht > ht and ht < bht

B (Et )
α (at )

δ , otherwise

(8)
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Calibration Strategy

Data period - 1985 to 2005.

Pick the state with the median public education spending share as a
fraction of NSDP for 15 Indian states (Tamil Nadu)

Choose parameters such that the simulated model�s moments match
observed moments in the data for this state..

There are seven moments that need to be matched.

Growth rate from 1985-2005
Public Edu. Expenditure / NSDP in 1985 and 2005
Private Edu. Expenditure /NSDP in 1985 and 2005
Gini Coe¢ cient in 1985 and 2005

Run counter-factual experiments
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Calibration - Tax Experiments

For the tax experiments, we calibrate the model to match the median
public education spending share as a fraction of GDP for 15 Indian
states (3.2%)

We then range the education spending fraction in our experiments
from 2.57% (second lowest) to 4.24% (second highest)

No clear data on private expenditure on education

private expenditure share =
�

r
1� r

�
� public expenditure share

where r = share of enrollment of students in private school.
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Calibration

Gini coe¢ cients used to pin down the variance of the distribution of h
such that h > 1 and has a mean normalized to 10
Given that all the tax collected goes towards public education
spending, we assume τc = 0.02

∆ = 1 and τL = 0.015 so as to match the public expenditure ratio of
0.0342 which is true during the concerned period

δ = 0.8 and α = 0.2 to match the Gini coe¢ cient of our data sample
and to maintain CRS

φ = 8 and θ = 1.5 to match the private expenditure shares in data

Consumption Gini coe¢ cient �xed at 13
We simulate the model for 500 families
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Parameters - Summary Table
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Calibration Results

Above table shows the observed and simulated moments.

The cuto¤ human capital level, h = F�1ht (ψ) , where FHt is the
human capital cumulative distribution at t. For example, when
ψ = x , x% of parent�s do not augment their child�s ability.

Assume ψ = 0.05 and the e¢ ciency wage w is normalized to unity
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Experiment 1: Changing the consumption tax to �nance
higher E

We change τc so as to change public expenditure spending from
3.42% to 2.57% and 4.24%

Increasing Et by increasing τc causes contrasting income and
substitution e¤ects which work in opposite directions. A higher Et
also crowds out e�t which is higher for higher ρ.

τc "=) et # (income e¤ect)
τc "=) ct #=) et " (substitution e¤ect)
τc "=) Et "=) et # (direct e¤ect)
Net e¤ect =) et #

As ρ #, may even get crowding in (because E and e are more (less)
complimentary (substitutable))
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Experiment 1: Calibrated e¤ect on e

Net e¤ects on et : τc "=) Et " and e�t #, although e�t # not by a lot.
Doubling τc increases Et but lowers e�t by not more than 2%
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Experiment 1: Calibrated e¤ect on human capital growth

Net e¤ects on human capital growth
�
ht+1
ht

�
: Doubling τc increases

human capital growth rate but by less than 3%, although more perceptible
over time
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Experiment 1: Calibrated e¤ect on the level of human
capital

Net e¤ects on level of human capital: The average family becomes
wealthier by 1.1% in 20 years, by 3.49% in 40 years, by 5.16% in 60 years,
by 6.74% in 80 years, and by 8.39% in 100 years.
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Experiment 1: Calibrated e¤ect on inequality

A higher τc causes inequality to fall over time, but by very little

This is because τc "=) after tax income # . But preferences are
non-homothetic =) e # (proportionately) more for richer households than
poorer households =) downward pressure on inequality.

(UNU�WIDER) Human Capital 5�6 September, 2014 21 / 44



Experiment 2: Changing the labor income tax to �nance a
higher E

Now there are no substitution e¤ects, only an income e¤ect.
τL "=) e # (income e¤ect)
τL "=) Et "=) et # (Direct E¤ect)
Net e¤ect on et # higher
This is because of no compensating substitution e¤ect

We change τL so as to change public expenditure spending from
3.42% to 2.57% and 4.24%
Numerical e¤ects: in comparison to a τc ",

τL "=) e # by more but the di¤erence is only about 1.5% to 2%(very
small)
Growth: τL "=) e # by more =) h increases by less (although not
very signi�cantly) over a span of 100 years =) growth " by less
compared to previous case.
Inequality: τL "=) inequality # by more. This is because, for the
wealthy, e # by a lot more because they have a higher marginal product
of e compared to the poor =) gaps get bridged
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Experiment 2: Calibrated e¤ect on e
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Experiment 3: Changing the centre-state transfer

A pure windfall for the state (∆ " )�a change in the centre-state
transfer does not generate the same substitution e¤ect as under the
consumption tax

Pure wealth e¤ect because of the windfall: et " =) ht+1
ht
" .

Numerically however, it does little to boost private education nor does
it substantially increase human capital accumulation (compared to a
consumption tax)

This is because the outlet for net transfer is higher consumption.
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Experiment 3: Growth versus Inequality

E¤ects: In comparison to a τc " or a τL "
Most of the change goes towards private consumption; e " very
marginal
Growth: since ∆ " mainly means freeing of up of resources, the initial
increase (60 years) in h is slightly higher than due to a τc " . However,
this initial di¤erence does not last for long. As a result, growth e¤ects
are also not signi�cant
Inequality: since, the e¤ect on e is very small, the e¤ect on lowering
inequality is again not signi�cantly di¤erent compared to a τc " . This
could have potentially been a stronger force had the transfers been
directed speci�cally towards poor households.
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Experiment 3: Comparative e¤ect on e

e�t # by more due to an increase in τL
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Experiment 3: Comparative e¤ect on the level of human
capital

Average human capital " by a little more than due to an increase in τc
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Experiment 3: Comparative e¤ect on the Gini coe¢ cient

Not signi�cantly di¤erent
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Experiment 3: Comparative e¤ect on the average
consumption level

τc " lowers consumption in the short run, but increases over time - by
stimulating growth in human capital accumulation. Transfers increases
consumption by most.
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Sensitivity Analysis �Private education spending shares
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Sensitivity Analysis �Average human capital
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Sensitivity Analysis �Gini coe¢ cient of parents
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Sensitivity Analysis �Average consumption
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Parental human capital e¤ectivity �Private education
spending share
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Parental human capital e¤ectivity �Average human capital
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Parental human capital e¤ectivity �Gini coe¢ cient of
parents
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Composite ability share �Private education spending
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Composite ability share �Average human capital
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Composite ability share �Gini coe¢ cient of parents
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Composite ability share �Average consumption

(UNU�WIDER) Human Capital 5�6 September, 2014 40 / 44



In a nutshell �sensitivity analysis of changing elasticity of
substitution

ρ "=) elasticity of substitution between private and public spending
on education is higher =) more crowding out of e due to an increase
in taxes =) e # by more

Growth: e # by more is mitigated by E " by more, hence, increases in
growth due to E " are also large. This is because e and E are also less
complementary. Growth gains due to ∆ "> τc "> τL " .
Inequality: ρ "=) inequality reduces by more because of E ". This is
because, crowding out of E to lower e a¤ects rich households relatively
more

Therefore ρ "=) public spending matter more!
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In a nutshell �sensitivity analysis of changing the parental
human capital cuto¤

ψ "=) fewer parents can augment their child�s human capital
accumulation =) the e¤ect of E " on growth is lesser
ψ "=) upward pressure on inequality, but the crowding out e¤ect of
E " causes inequality to actually fall although by less for higher ψ

Therefore ψ "=) public spending matter less!
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Conclusion

Raising public spending on education increases economic growth by
raising taxes or transfers. As substitutability between public and
private education spending increases,

higher public spending �rst yields smaller economic growth gains,
before gains increase
inequality is reduced

Higher public spending yields smaller growth gains and inequality
reductions as the parental human capital cut-o¤ is increased

Relatively large changes in funding levels for education have relatively
minor impacts both on growth and on evolution of income inequality

Policy implications �public funding on education has only minor
e¤ects on growth and lowering inequality. This is especially true when
fewer parents intellectually contribute to a child�s human capital
accumulation.
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Thank you!
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