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Abstract

Parental education largely determines a child’s opportunity to learn. How-
ever, a higher level of trust and a higher frequency of social interactions between
adults with significantly different educational attainments shrinks the knowledge-
gaps among the adults, making their human capital more substitutable for a
child’s education. We find that if the substitutability of parental human capital
increases to enhance the atmospheric impact of past knowledge in the private ed-
ucation technology, then the growth and welfare maximizing progressivity of re-
distribution decreases. In particular, bridging the knowledge gaps through social
interactions makes learning cheaper for underprivileged children. Such reduction
in inequality of opportunity lowers the optimal progressivity of redistribution.
We offer some empirical support for the above idea using a recently developed
database on social cohesion which attempts to measure trust and frequency of
interactions across different culture, religions and other forms of heterogeneity.
Numerically, for calibrated economies, we estimate how gains in growth, effi -
ciency, and welfare from progressive redistribution, over and above the benefits
from a Pigouvian subsidy, may reasonably vary across different countries with
different degrees of social cohesion.
JEL: E25, E62, O11, O15, O23, O33, O41
Keywords: Knowledge Dissemination, CES Aggregator, Endogenous Growth,

Progressivity, Social Cohesion, Dynamic Macroeconomic Cost-Benefit Tradeoff

∗Bandyopadhyay: Department of Economics, University of Auckland, 12 Grafton Road, Auckland,
New Zealand; e-mail: debasis@auckland.ac.nz. Tang: Department of Economics, Deakin University,
70 Elgar Road, Burwood, Victoria, 3125, Australia; email: xtang@deakin.edu.au. We thank Roland
Benabou, Roberto Foa, Victor Ortego-Marti, Dilip Mookherjee, and Alexandre Dmitriev for their
comments on earlier drafts of this paper. The usual disclaimer applies.

1



 Electronic copy available at: https://ssrn.com/abstract=3124053 

1 Introduction

Trust across different groups promotes social interactions which reduce knowledge gaps
among people with varying levels of education. We assume that as the knowledge gaps
among people shrink, the adults become better substitutes of one another in dissemi-
nating knowledge to the young. We suggest that as that substitutability increases the
need for a growth-promoting progressive redistribution decreases.
The increased substitutability of human capital in a macroeconomy arguably facili-

tates intergenerational transmission of knowledge. The atmospheric impact of this gain
improves the effectiveness of the private education system. This improvement comes
as parents, empowered by social interactions, can guide their children better than what
their limited education would allow. The consequent reduction of inequality of oppor-
tunity for acquiring knowledge facilitates growth and welfare in a way to reduce the
need for a politically controversial policy of progressive income redistribution.
The idea of promoting growth through the redistribution of funds for education

can be traced to the George Seltzer Distinguished Lecture by Solow (1992). Subse-
quently, the idea gained momentum following Benabou’s (2002) demonstration of how
a progressive redistributive policy may improve allocative effi ciency in economies where
technologies are subject to diminishing returns to human capital and where the limited
enforceability of contracts rules out a viable market for investment in human capital.
In this study, we ask the following: does the optimal progressivity of redistribution

decline if the inputs of parental human capital in the child’s education becomes more
substitutable?
The recent political controversy around the world regarding income redistribution

makes the above question especially relevant. Moreover, economists such as Baner-
jee and Moll (2010) argued that a redistributive policy may inflict a moral hazard
problem for the potential recipients of transfers, defeating its essential purpose. Fur-
thermore, the studies of Hoxby (2008) and Rosenzweig and Wolpin (1994) highlighted
the importance of parental human capital as an essential input in children’s education.
Consequently, progressive redistribution may induce a perpetual cost through its cu-
mulative adverse impact on the education quality to lower the long-run growth rate of
the average human capital, implying zero optimal progressivity, as noted in Matsuyama
(2002) and Caucutt et al. (2003).
Our question also links two other streams of literature. One follows the early work of

Jovanovic and Rob (1989) on the idea of nonrival knowledge as an outcome of diffusion.
The other follows Tamura’s (1991) idea of sustaining long-run growth by relying on
the impact of knowledge, proxied by the average stock of human capital.1 It also has
a special theoretical relevance to the literature which emerged recently in response to
Aghion and Jaravel’s (2015) call to explore the intricate role of knowledge spillover in
the models of income distribution and growth.

1Glomm and Ravikumar (1992), Tamura (1996), Fernandez and Rogerson (1998), de la Croix and
Doepke (2003), Zhang (2003) and Viaene and Zilcha (2009) provide earlier examples of modelling of
such complementarity.
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In response to these new concerns of the potentially low net dynamic gains from
redistribution in a growing economy, we narrow our focus in this study to economies
with endogenous growth. However, it is straightforward to generalize this result in
economies without endogenous growth as well as in economies which allow for a bequest
of capital goods.
Our key analytical finding is that a greater substitutability of parental human

capital inputs to educating the children implies a lower optimal progressivity of redis-
tribution. Moreover, we find that if the substitutability parameter exceeds a threshold,
then the optimal progressivity drops to zero. The threshold increases with the value of
leisure and decreases with patience and the skill intensity of the production technology.
The remainder of this study goes as follows. Section 2 develops the model based

on Benabou (2002). Section 3 presents the key analytical result while Section 4 pro-
vides some empirical support for the key hypothesis along with numerical simulations
to highlight its quantitative significance. Section 5 adds a few concluding remarks,
followed by the Appendix containing the proof of the technical results not presented
in the paper and the Data Appendix containing data used for the empirical results
reported in the paper.

2 The Model

We develop Benabou’s (2002) model suitably to make it relevant for exploring our
hypothesis. In particular, we incorporate the atmospheric impact of knowledge exter-
nality in the private education technology and measure that knowledge as a function
of the distribution of parental human capital with constant elasticity of substitution
(CES). In addition, we introduce a Pigouvian subsidy as a tool to boost parental in-
vestment in education to mitigate the negative impact resulting from the knowledge
externality. Later, in the quantitative section, we compare the gains from this measure
of externality correction vis-a-vis the gains from progressive redistribution.
In particular, like Benabou (2002), we assume a continuum of infinitely lived dy-

nastic agents with measure one and indexed by i ∈ [0, 1]. In each period, a dynasty is
represented by a family of one decision-making parent with one child. The initial dis-
tribution of parental human capital hi0 is lognormal. Dynasties live in neighborhoods
segregated by parental human capital hit, a proxy for neighborhood affordability and,
in turn, a proxy for the differentiated quality of education available in the ith neigh-
borhood. We also integrate Benabou’s analysis of two different redistributive policies
R: (i) income tax (inc) and (ii) education finance (edu) into one with two progressiv-
ity parameters τ inc and τ edu, respectively, to describe the average marginal tax rate
(AMTR) in the income tax schedule and the average marginal rate of the progressive
education subsidy in the education finance scheme.
However, unlike Benabou (2002), we specify how the distribution of parental hu-

man capital determines the public endowment of knowledge through social interactions
and how that non-rival knowledge complements the parental investment in children’s
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education. We now turn to those distinctive features for the modified Benabou (2002)
economy.

2.1 Substitutability of Parental Human Capital

The recent work of Zhan (2017) reaffi rms the commonly held wisdom that children
accumulate human capital not only by receiving formal education in schools and train-
ing at home but also from informal institutions through social interactions. Therefore,
how a society aggregates knowledge makes an impact on that process by affecting the
ease at which a learner can extract past knowledge to boost human capital. Varvarigos
and Xin (2015) explored a model economy in which a greater level of trust in society
increases the frequency of social interactions, thus lowering the cost of transferring
knowledge across generations in the society. Zhan’s (2017) findings also support the
hypothesis of a stronger influence of the informal channel for children with less edu-
cated parents. Mookherjee et al. (2010) considered how improved social interactions
through global (as opposed to local) channels work to reduce the social distance be-
tween two distinct groups of different ethnicities, religions, or national origins in a way
that we believe fosters knowledge diffusion.
Our approach to modelling the education technology differs from the past influential

works of Glomm and Ravikumar (1992), Benabou (1996) and Fernandez and Rogerson
(1998). In particular, in light of the findings of Pritchett (2004) and Hanushek and
Woessmann (2007), we assume that the publicly available nonrival knowledge in society
does not correspond to public investment of physical resources. Instead, we assume that
increased frequency of social interactions among adults increases the substitutability
of their human capital for transferring knowledge across generations, and this, in turn,
increases the amount of past knowledge available for the next generation. The real
world is probably somewhere in between and we can easily generalize our result by
allowing public schools.
Our conjecture that increased frequency of social interactions reduces the knowledge-

gap among parents to enhance their substitutability in children’s education relates to
an important idea explored in Benabou (1996) but with one crucial difference. Benabou
allowed the possibility that, through social interactions, someone with more education
may raise the human capital of another person with less education but a high trans-
action cost of communications could nonetheless lower the combined human capital of
the group. Following Foa (2011), we argue instead that increased trust and increased
frequency of social interactions between heterogeneous groups of people reduces the
transaction cost of communication to facilitate the spillover of information from par-
ents with a higher level of education to parents with a lower level of education.
We also assume that as the knowledge-gaps between parents shrink, the parents

with a lower level of measured educational attainment can offer their children easier
access to the existing knowledge. Therefore, an economy, characterized by a higher
frequency of interactions among parents with different levels of formal education, enjoys
an environment where, for the child’s education, the parental education is less of a
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constraint. In other words, the higher is the frequency of interactions the easier it is
to substitute parental human capital input to the child’s education.
The following equation captures the above idea that a greater substitutability ω

of the measured human capital in the task of passing knowledge across generations
augments the date t knowledge endowment Kt, available as a public good for the next
generation:

Kt ≡
(∫ 1

0

(
hit
)ω
di

)1/ω

. (1)

By (1), on average, the availability of the past knowledge increases in ω and, equiv-
alently, with the elasticity ( 1

1−ω ) of substitution of human capital inputs, which, by
assumption, increases with trust and increased frequency of social interactions.2 Fur-
thermore, the lognormal distribution of human capital implies

lnKt = lnht − (1− ω)
∆2
t

2
, (2)

where at each date t, ht =
∫ 1

0
hitdi denotes the average human capital and, ∆2

t denotes
the variance of the logarithm of human capital.
Clearly, a lower inequality of the measured human capital has a direct influence

on the public stock of knowledge if and only if ω < 1, that is, the adults’ human
capital inputs are imperfect substitutes for the task of dissemination of knowledge to
the next generation. As the substitutability of human capital increases, the adverse
impact of inequality on the public stock of knowledge decreases. If a high level of trust
among different groups generates suffi cient interactions to eliminate all knowledge gaps
between any two adults, then the parents and teachers would be perfect substitutes for
each other (i.e., ω = 1), irrespective of their human capital, in endowing the children
with past knowledge.

2.2 Knowledge Externality in Education

We capture the atmospheric presence of past knowledge, which improves the quality of
the education technology, as a knowledge externality in the spirit of Tamura’s (1991)
study. The work of Comin et al. (2010) supports the key idea of such dynamic
externality through which the returns to schooling for a generation increase if they
stand on the shoulders of the previous generation’s knowledge for a head start.
This atmospheric presence of the knowledge externality mitigates the inequality-

augmenting impact of the parental human capital on the marginal effi ciency of invest-
ment in the child’s education. Thus, the knowledge externality in schooling works like

2Chiu et al. (2015) and Jones (2014) explored similar methods of aggregation of human capital.
Furthermore, Caselli and Ciccone (2013), Manuelli and Seshadri (2014) and Jones (2014) explored
implications of the cross-country variations in the quality of human capital, which could plausibly
arise because of the differences in substitutability (ω) of individual human capital, in accounting for
the observed growth disparities across countries.
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public education in mitigating the inequality arising from the neighborhood externality
in private education similarly as discussed in Benabou (1996) with one crucial differ-
ence. We assume that the atmospheric presence of past knowledge increases with social
interactions among parents through the building of institutions that promote mutual
trust and reduces conflicts between groups rather than through public investment in
schools.
To capture this idea, we assume that the adult of dynasty i possesses, at each date

t + 1, the human capital stock hit+1 as a function of the endowment of knowledge Kt

from the previous generation, her parental human capital hit and her inborn ability
ξit+1, and the parental investment in her education e

i
t such that

hit+1 = κKδ
t ξ

i
t+1

(
hit
)α (

eit
)β
, κ, α, β, δ > 0, α + β < 1. (3)

The parameter α captures the neighborhood effect that differentiates private education
quality across different neighborhoods. The parameter δ measures the impact of the
global or atmospheric effect of knowledge endowment on the quality of private educa-
tion. The idiosyncratic inborn ability shocks ξits are i.i.d. with ln ξit ∼ N (−σ2/2, σ2).
The empirical evidence behind the potential relevance of such global dynamic exter-

nalities operating through private education technology can be found in the earlier work
of Hanushek (1992). Tamura (1996) and, more recently, Cavalcanti and Giannitsarou
(2016) provide estimates of the degree δ of the knowledge externality in education.

2.3 Preference and the Production Technology

We keep the remaining characteristics of the economy identical to Benabou (2002).
The preferences of dynastical agent i at period t are represented by:

Vt ≡ Et

[ ∞∑
n=0

ρn
(
ln cit+n −

(
lit+n
)η)]

, ρ ∈ (0, 1), η > 1. (4)

The technology for producing output yit for the adult parent is a function of her
human capital hit > 0 and labor lit > 0 as follows:

yit =
(
hit
)λ (

lit
)µ
, λ+ µ ≤ 1. (5)

2.4 Policy Issues

Benabou (2002) considers two regimes of redistribution R: (i) income tax (inc) and
(ii) education finance (edu). The progressivity parameters τ inc and τ edu measure,
respectively, the average marginal tax rate in the income tax regime and the average
marginal rate of the progressive education subsidy in the education finance scheme.
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2.4.1 Income tax

Disposable income ŷit of agent i at a date t satisfies

ŷit ≡
(
yit
)1−τ

(ỹt)
τ , 0 ≤ τ ≤ 1, (6)

where ỹt represents the break-even level of income where those with an income above
ỹt pay net tax while those with an income below ỹt receive net transfers.3 Benabou
(2002) allowed an education subsidy at a rate 0 ≤ a ≤ 1 to offset adverse impact of
progressivity τ on the parental investment in education such that (3) becomes

hit+1 = κKδ
t ξ

i
t+1

(
hit
)α (

(1 + a)eit
)β
. (7)

The education subsidy is financed with a consumption tax at the rate 0 ≤ θ ≤ 1.
Without a viable mechanism for enforcing a credit contract, there is no borrowing or
lending, and thus, agent i’s choice of consumption cit for her family and expenditure e

i
t

on her child’s education must satisfy the following:4

(1 + θ)cit + eit ≤ ŷit. (8)

2.4.2 Education Finance

The education finance scheme follows a progressivity rate τ for equalizing educational
investment which satisfies

êit ≡ (1 + a)
(
ỹt/y

i
t

)τ
eit, (9)

where a represents the same average rate of education subsidization as the income tax

scheme. Under this scheme the poor parent, with income yit is less than ỹt, receives
a higher subsidy and the rich parent gets a lower subsidy than the average rate a, τ
measures the degree of equalization of school resources and (3) changes to:

hit+1 = κKδ
t ξ

i
t+1

(
hit
)α (

êit
)β
. (10)

Like the income tax scheme, education subsidies are also financed by the consump-
tion tax at a rate θ but there is no income tax such that ŷit = yit and with that change,
the parent’s budget constraint satisfies (8) and the government’s budget constraints
satisfy ∫ 1

0

ŷitdi =

∫ 1

0

yitdi ≡ yt, (11)

3Benabou (2000) provides motivating discussions for such scheme of redistribution.
4Empirically, such borrowing constraints may seem relevant primarily for developing economies.

However, from the work of Jappelli (1990) and Kohara and Horioka (2006), we note that even in
developed countries, such as the US and Japan, about 15 to 20 percent of the population could be
borrowing constrained.
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a

∫ 1

0

eitdi = θ

∫ 1

0

citdi. (12)

The resource constraint for this economy satisfies∫ 1

0

(cit + eit)di =

∫ 1

0

yitdi = yt, (13)

where, yt denotes per-capita income.

2.5 The Equilibrium

At each date t, let mt denote the mean and ∆2
t denote the variance of lnhit and

χt ≡ (mt,∆
2
t ; R) denote the vector of the economy-wide state variables such that

Vt ≡ V (hit, χt; τ) satisfies (4). We define equilibrium as a fixed point between the con-
jectured sequence of {χgt}∞t=0 and, given that conjecture, the sequence {χt}∞t=0 of the
state variables generated by the following Bellman equation:

V
(
hit, χt; τ

)
= max

(cit,lit)

{
(1− ρ)

(
ln cit − (lit)

η)
+ρEt

[
V (hit+1, χt+1; τ)

] } , (14)

subject to (1), (5) - (10) such that at each date t = 0, 1, 2, .., the government’s budget
constraints (11) - (12) and the resource constraint (13) hold.

Lemma 1: Under both schemes of redistribution R, income tax ( inc) and education
finance ( edu), the ratio of total educational expenditure eit for the child of dynasty i
to the parental disposable income ŷit, or the parental investment rate s

i
t ≡

eit
ŷit
, in the

child’s education as and the labor supply lit are given, respectively, by two constants
0 < sR, lR < 1, R = inc, edu such that

if R = inc then sR =
ρβλ (1− τ)

1− ρα ≡ (1− τ) s̄R, lR =

(
(µ/η) (1− τ) (1− ρα)

1− ρ (α + (1− α− δ) (1− τ))

)1/η

,

(15)
where, s̄R = ρβλ

1−ρα denotes the investment rate without income taxes

if R = edu then sR =
ρβλ

1− ρα + ρβλτ
≡ s̄R

1 + τ s̄R
, lR =

(
(µ/η) (1− ρα)

1− ρ (α + (1− α− δ) (1− τ))

)1/η

.

(16)

Proof. See Appendix.

Lemma 1 spells out the typical microeconomic disincentives of income taxation on
the supply of inputs, the positive effects of thriftiness (ρ) on saving, that of effi ciency
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(β) of schooling on the parental investment in education, that of output elasticity λ
of capital, µ of human capital and ε of labor. Lemma 1 also spells out the negative
intertemporal substitution effects due to a decrease in the investment rates, s, and
of the negative effects η, proxying the value of leisure on the supply of labor input.
Note that the dynasty internalizes the choice of the neighbourhood and hence a larger
"neighbourhood effect" (α) encourages parental investment in education thereby ag-
gravating inequality. However, the degree (δ) of economy-wide knowledge externality
only creates an edge between the social and private returns to schooling and does not
affect private investment in education.
Using Lemma 1, which describes sR and lR, and by (5) - (10), we can now write

the optimal human capital accumulation rules for each dynasty i and the resulting
evolution of income as follows:

lnhit+1 = lnκ+ δ lnKt + β ln s̄R + βµ (1− τ) ln lR + ln ξit+1 (17)

+ (α + βλ (1− τ)) lnhit + βτ ln ỹt.

ln yit+1 = ψ (τ) + λ(lnκ+ δ lnKt) + λ ln ξit+1 + βλτ ln ỹt (18)

+ (α + βλ (1− τ)) ln yit,

where ψ (τ) ≡ βλ ln s̄R + (1− α)µ ln lR, Kt satisfies (1).

Following Benabou (2002), we define the income inequality index Λt as the loga-
rithm of the ratio of the mean to the median income, which varies proportionately with
the variance ∆2

t of human capital such that

Λt =
λ2∆2

t

2
. (19)

The following proposition characterizes the transitional dynamics of the average
human capital ht.

Proposition 1. There exists a unique equilibrium as defined above and it yields a
unique {χt}∞t=0 such that, at each date t = 0, 1, 2, .., χt satisfies

mt+1 = Amt +B + βτ (2− τ) Λt + δω∆2
t/2, (20)

and
∆t+1 = σ2 + p2∆2

t , (21)

where, A ≡ α+ βλ+ δ, B ≡ lnκ− σ2/2 + β ln sR + βµ ln lR, and the intergenerational
persistence of the human capital p satisfies:

p ≡ α + βλ (1− τ) . (22)
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Proof. See Appendix.

The transitional dynamics for the average human capital follows from (17) - (21):

lnht+1 = lnκ+ β (ln sR + µ ln lR) + (δ + α + βµ) lnht + δω
∆2
t

2
(23)

−
((

(δ + α + βµ)− (α + βµ (1− τ))2

λ2

)
− βτ (2− τ)

)
Λt.

The above transitional growth dynamics (23) for the average human capital captures
a partial positive impact of the inequality of human capital (∆2

t ) measured by δω,
which increases with the substitutability parameter ω, and a partial negative impact
of the inequality of income (Λt). The positive impact captures the gains from knowl-
edge diffusion, which increases with the variance of human capital and with increased
frequency of social interactions. The negative impact captures ineffi ciency due to the
misallocation of investments in education in the absence of a credit market for human
capital.
Progressive redistribution lowers the inequality of both income and human capital.

Consequently, while it benefits growth by mitigating the cost of resource misallocation
due to inequality in the absence of a credit market, it also harms growth by lowering the
potential gains from knowledge spillover through increased substitutability of parental
human capital from increased frequency of social interactions. If social interactions
decrease, then this cost of redistribution also decreases. In an extreme case, when
ω < 0, possibly reflecting social conflicts, redistribution would only lead to growth
benefits through this channel.
Next, we examine the conditions for endogenous growth and the growth-inequality

relationship on a balanced growth path.

2.6 Endogenous Inequality and Growth

Clearly, p < 1. It follows, therefore, from (21) that Λt converges to a stationary state
Λ > 0. By (20), it follows, therefore, the economy would converge either to its unique
steady state per capita income that is comparable to Benabou (2002) (if A < 1) or
to its unique balanced growth path where the per capita income grows endogenously
at a steady rate such that γt ≡ ln yt+1 − ln yt = γ (if A = 1). The substitutability of
parental human capital and its impact on the marginal effi ciency of investment in the
child’s education characterizes the transitional dynamics under both cases. However,
if A > 1, then there are no transitional dynamics but an unstable steady state. In
sum, whether or not the dynamic process would converge to its unique steady state
or to a balanced growth path with a stationary growth rate depends on, respectively,
whether A < 1 or A = 1 and the value of A (as defined in Proposition 1) depends
on δ. Consequently, we can characterize the condition for endogenous growth with
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a condition on the degree δ of the knowledge externality relative to a critical value
δ∗ > 0, where

δ∗ ≡ 1− (α + βλ) . (24)

We interpret the critical value δ∗ as the critical amount of social returns to schooling
necessary via the atmospheric impact of the knowledge endowment on the private
investment in schooling for generating perpetual growth. It offsets the diminishing
private returns to schooling measured by α + βλ < 1.
Without loss of generality, for given values of α and λ, we consider alternative

paths of perpetual growths arising from alternative combinations of the social returns
to schooling, proxied by δ, and the private returns to schooling, proxied by β, the
elasticity of the child’s human capital with respect to the expenditure on the child’s
education. We do that by eliminating β by using (24). Clearly, the impact of the
parameter ω works through the impact of the knowledge externality and hence the
impact of the parameter ω would be stronger in economies where endogenous growth
arises from a greater share of social returns to schooling.
We now confine our focus to a comparison of the alternative paths of endogenous

growth. We begin with Proposition 2 below which we first describe for each regime R:
(i) income tax (inc) and (ii) education finance (edu) separately with notations sR and
lR that abbreviate expressions derived in Lemma 1.

Proposition 2. If and only if δ = δ∗, then the model economy exhibits a balanced
growth path such that under the redistributive regime R the long-run growth rate γR
satisfies

γR = Φ∗R −Ψ∗Λ∗ > 0, (25)

where the aggregate effect Φ∗R of the input supply on growth is given by

Φ∗R ≡ λ lnκ− λ (1− λ)σ2/2 + (1− α− δ∗)(ln sR + µ ln lR), (26)

where the cost of inequality, measured by Ψ∗, satisfies,

Ψ∗ = 1− (1− α− δ∗) (2− τ) τ − (α + (1− α− δ∗) (1− τ))2 − δ∗ω
λ
, (27)

the intergenerational correlation of family income satisfies p∗ = α+(1− (α + δ∗)) (1− τ)
and the stationary inequality Λ∗ is given by,

Λ∗ =
λ2

(1− p∗2)

σ2

2
. (28)

Proof. See Appendix.

Clearly, by (25) and (27), as the substitutability ω of human capital increases, the
marginal cost of inequality Ψ∗ decreases. In other words, an economy with a higher
substitutability ω of parental human capital inputs to children’s education, implied by
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a higher frequency of social interactions, facilitating knowledge diffusion among the
parents, incurs a lower cost to economic growth because of a lower inequality in the
educational opportunity among the children.
A distinctive feature of the model’s endogenous growth path is that it has no knife-

edge property. On the contrary, it includes a transitional dynamics through the impact
of the income inequality on the growth of the average human capital as described in
(23). As the income inequality Λt converges to its steady state Λ, the relative size
of the beneficial effect of past inequality on the growth rate of the average human
capital in the following period increases. We emphasize that this beneficial effect of
inequality arises through the process of the diffusion and transmission of knowledge,
and its impact strengthens with a greater substitutability ω of human capital and with
a greater degree δ of the knowledge externality in the education technology. As the
inequality approaches its steady state, the growth rate of the average human capital h
approaches its balanced growth rate γh,R which satisfies

γ
h,R

= lnκ− (1− λ)σ2/2 + β (ln sR + µ ln lR) (29)

−
[

1− (α + βλ (1− τ))2

λ
−
(
βτ (2− τ) + δ∗ω

1

λ2

)]
Λ∗.

We will return to the above analytics for transitional dynamics later in the section
on the quantitative analysis of the model. Next, we explore the social planner’s problem
and the concept of optimal progressivity for a redistributive policy by focusing on the
balanced growth state described by (29).

3 The Social Planner’s Problem

The social planner takes the distribution of human capital as given and chooses the
optimal labor supply and the investment rate in education to maximize (4) subject to
(1), (3) and (5) by internalizing the impact of nonrival knowledge on the effi ciency of
the privately excludable education technology. In other words, the planner’s rule for
labor supply and investment rate in education is such that it maximizes the balanced
growth rate of the average human capital γsph for any given distribution of human
capital.

Lemma 2: By limiting the social planner’s problem to accommodating the knowledge
externality δ > 0 in the education technology with the distribution of human capital as
given, the optimal rules along the balanced growth path for the labor lδ and the rate sδ
of investment in schooling satisfy:

lδ =

(
µ (1− ρ (α + δ))

η (1− ρ)

)1/η

, (30)

sδ =
ρβλ

1− ρ (α + δ)
, (31)
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and the social planner’s chosen growth rate of the average human capital γsph satisfies

γsph = lnκ− (1− λ)σ2/2 + β (ln sδ + µ ln lδ)−
[

1− (α + βλ)2

λ
− δω 1

λ2

]
Λ, (32)

where the income inequality Λ is given by

Λ =
λ2σ2/2

1− (1− δ)2 . (33)

Proof. See Appendix.

The planner’s optimal rules for labor supply and investment in education incorpo-
rate the impact of the knowledge externality on the marginal effi ciency of investment in
education. Consequently, the optimal investment rate in education sδ and the optimal
labor supply lδ are higher than those that describe the private decision rules shown in
Lemma 1.

3.1 Optimal Policy

Two types of frictions cause ineffi ciency in this model. First, the atmospheric presence
of a knowledge externality causes underinvestment in the children’s education. Second,
the absence of a credit market prevents an effi cient allocation of funds among the
children based on their potential human capital indicated by their inborn ability. We
consider two separate policy tools to mitigate the adverse impact of each of those two
separate sources of ineffi ciency. One is the Pigouvian subsidy to fix the problem caused
by the presence of the knowledge externality in education and the redistributive policy
to alter the long-run distribution of human capital. Thus, we split up the optimal
policy into two parts: mitigating ineffi ciency due to the knowledge externality with
a Pigouvian subsidy or, in short, externality correction and mitigating ineffi ciency
from misallocation of funds for investment in education due to credit constraint with
progressive redistribution or, in short, investment reallocation.
We consider a Pigouvian subsidy aPS to the parental expenditure on the child’s

education. We combine this subsidy with those considered by Benabou (2002, pages
487-488) to offset the negative impact of the knowledge externality on the average rate
of investment in education while ensuring the equalization of the investment rate in
education for each child and finance them with a consumption tax such that the human
capital accumulation function becomes

hit+1 = κKδ
t

(
hit
)α (

(1 + aPS) (1 + aR) eit
)β
, where R = edu or inc, (34)

the educational investment rate (1 + aR) eit/y
i
t = sR, where Lemma 1 describes sR for

R = inc and edu. However, if a Pigouvian subsidy aPS is imposed to set investment
rate sR = sδ given by (31), then the negative effect of the knowledge externality on
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the supply of labor lR remains the same, making the long-run growth suboptimal.
Also, there exists no practical mechanism to provide a labor subsidy, since it is not
observable, unlike the education expenditure.5

In the absence of a labor subsidy, we need to weigh the growth loss from the
distortionary effect of progressive redistribution on the labor supply with the growth
gain achieved through lower inequality with a greater progressivity. Therefore, we now
explore whether the social planner can lift the growth rate of the private economy
further up by raising the progressivity of redistribution above zero, and, if so, then
what characterizes the optimal progressivity.

3.1.1 Long-Run Growth Rate Maximizing Progressivity

The policymaker considers both schemes of redistribution R (education finance or
income tax) and sets the appropriate amount of Pigouvian subsidy aPS to parental
expenditure on education not only to equalize the parental investment in the child’s
schooling but also to satisfy the planner’s optimal rule described by (31). Afterwards,
we characterize the optimal progressivity τ ∗ that maximizes the long run growth rate
γR(aPS, τ) of per capita income when the policymaker can choose any schemes of
redistribution R such that:

γ(τ ∗) = Max
0 ≤ τ < 1, R

γR(aPS, τ), (35)

where the expression of γR(aPS, τ) is the same as (25) except sR is replaced by sδ.
Differentiating γR(aPS, τ) with respect to τ yields:

γ′R(aPS, τ) = Φ∗′R(aPS, τ) + Ω∗Λ∗, where, Ω∗ ≡ Ψ∗z −Ψ∗′(τ), (36)

where the inequality Λ∗ along the balanced growth path and the measure Ψ∗ of its
adverse impact on the balanced growth rate satisfy (27) and (28), Φ∗′R(aPS, τ) =
(1−α−δ∗)µ

lR
l′R(τ) < 0 measures the distortionary impact of progressivity on the supply

of labor. We define z ≡ −∂Λ∗

∂τ
/Λ∗ > 0 such that τz = −∂ ln Λ∗

∂ ln τ
≡ εΛ∗

τ measures the
elasticity of inequality reduction with a greater progressivity τ of redistribution. We
note, importantly, that Ω∗Λ∗ does not depend on the redistributive scheme R and the
marginal cost of progressivity −Φ∗′R(aPS, τ) described above is lower under education
finance.
It follows, therefore, that the growth rate would be higher if the planner relies

exclusively on education finance and that the growth rate maximizing progressivity
would also be higher and the stationary inequality along the balanced growth path
would be lower and hence the welfare and effi ciency of redistribution would be higher
as well under education finance. The following lemma summarizes these results:

5An alternative policy would be to choose the subsidy aPS to education large enough to make the
growth rate γ(aPS , τ) of the private economy equal to the social planner’s growth rate γsp. Docquier
et al. (2008) considered a similar policy. Thus, for any arbitrary progressivity τ the above policy
would ensure that the growth rate in the private economy would be at least as much as γsp.
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Lemma 3: With the Pigouvian subsidy to equalize the parental investment rate in
the child’s education to the effi cient rate corresponding to the degree of the knowledge
externality, the optimal progressivity as well as the maximal growth rate are higher
under the education finance scheme than under the income tax scheme.

Proof. See Appendix.

The marginal benefit Ω∗Λ∗ of a greater progressivity τ arises as a positive net
tradeoff if and only if Ω∗ > 0. This tradeoff arises at the macro level between the
macroeconomic growth benefit from lowering inequality and the associated macroeco-
nomic cost due to the increased adverse impact of inequality on growth. The former
increases with the elasticity εΛ∗

τ of inequality reduction with a marginal increase in
progressivity, and the latter increases with the elasticity εΨ∗

τ ≡ ∂ ln Ψ∗

∂ ln τ
of increase in the

adverse impact Ψ∗ of inequality on growth with a marginal increase in progressivity
such that the tradeoff Ω∗ > 0 if and only if εΛ∗

τ > εΨ∗
τ , since

Ω∗ = (Ψ∗/τ)
[
εΛ∗

τ − εΨ∗

τ

]
. (37)

Clearly, if Ω∗ < 0, then the growth-maximizing progressivity τ ∗ = 0. The following
lemma reveals that in the absence of the knowledge externality on the education tech-
nology Ω∗ < 0, and, therefore, the optimal progressivity along the balanced growth
path without a push from such externality must be zero.

Lemma 4: If δ∗ = 0, then τ ∗ = 0.

Proof. Note Ψ∗ = (1− α)ατ 2, and thus, we can eliminate the cost of inequality
on growth by setting τ ∗ = 0. Next, by (25), we establish that τ ∗ = 0 maximizes the
growth rate γ. �

Thus, endogenous growth without a knowledge externality implies zero optimal
progressivity, highlighting an essential channel of knowledge spillover through which
nonzero progressivity becomes optimal even in an endogenously growing economy. In
the atmospheric presence of a knowledge externality in education, progressive redis-
tribution mitigates the adverse impact of low frequency of social interactions, which
causes low substitutability of parental human capital to aggravate the ineffi ciency due
to the unequal access to existing knowledge among the children. Thus, the mechanism
of growth through knowledge diffusion introduces another avenue for redistribution to
promote growth.
Interestingly, the substitutability ω of human capital, which we assume to be posi-

tively correlated with the frequency of social interactions, exerts its positive impact on
growth only by weakening the growth-promoting potential Ω∗ of a progressive redistri-
bution such that ∂Ω∗

∂ω
< 0 while leaving all other channels through which progressive

redistribution makes an adverse impact on growth unchanged.
In the following lemma, we formalize our finding regarding the crucial tradeoff

between the substitutability of parental human capital and the optimal progressivity:
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Lemma 5. ∂τ∗

∂ω
< 0.

Proof. If the social planner sets τ = 0 and the Pigouvian subsidy to γR(τ , aPS) = γδ,
then the balanced growth rate γsph of average human capital satisfies (32). If instead
the planner sets R = edu, τ > 0 and the Pigouvian subsidy to sedu = sδ, then by (29)
the balanced growth rate γsδh,edu (τ) of average human capital satisfies:

γsδh,edu (τ) = lnκ− (1− λ)σ2/2 + β (ln sδ + µ ln ledu (τ)) (38)

−
[

1− (α + βλ (1− τ))2

λ
−
(
βτ (2− τ) + δω

1

λ2

)]
Λ (τ) .

We define the gain G(τ) from redistribution as follows:

G(τ) ≡ γsδh,edu (τ)− γsph (39)

= B(τ) − C(τ),

where the benefit and cost of progressive redistribution to lower inequality, respectively,
B(τ) and C(τ) are given by

B(τ) ≡ βτ (2− τ) Λ (τ) , (40)

C(τ) ≡ βµ (ln lδ − ledu (τ)) + δω
1

λ2 (Λ− Λ (τ)) . (41)

Note B(.) is an inverted U shaped function of τ such that B(0) = 0, B′(0) > 0 and for
some τmax > 0, B′(τmax) = 0. However, C(0) = βµ (ln lδ − ledu (0)) > 0 and C ′(τ) > 0
for all τ ≥ 0. Therefore, if for some τ > 0, B(τ) > C(τ), then there exists τ c < τ such
that C(τ c) = B(τ c), otherwise not. It follows, therefore, if C ′(0) > B′(0), then τ ∗ = 0.
Also, C(τ) increases in ω, while B(τ) is independent of ω and that implies: ∂τ∗

∂ω
< 0. �

Next, we explore the condition on the substitutability ω of human capital that
implies zero optimal progressivity. In particular, we explore the critical threshold for
substitutability above which the optimal progressivity τ ∗ = 0.

Lemma 6. There exists a threshold substitutability ω̂ > 0 such that if ω > ω̂, then
τ ∗R = 0, where R = inc or edu and τ ∗R maximizes γR(aPS, τ), given by (25), where

ω̂inc ≡ ω̃ − µ

η

1

λ

1− αρ
1− ρ (1− δ)

δ (2− δ)2

(1− δ)σ2
> 0,

ω̂edu ≡ ω̃ − µ

η

1

λ

ρ (1− α− δ)
1− ρ (1− δ)

δ (2− δ)2

(1− δ)σ2
, where, ω̃ ≡ λ (2− δ)

(1− δ) , and

ω̃ − ω̂inc
ω̃ − ω̂edu

=
1− αρ

ρ (1− α− δ) > 1, or, equivalently, ω̂inc < ω̂edu ≡ ω̂.

In addition, ∂ω̂
∂ρ
< 0, ∂ω̂

∂η
> 0 and ∂ω̂

∂µ
< 0.
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Proof. See Appendix.

Lemma 6 highlights that if, consistent with our hypothesis, the substitutability of
human capital exceeds a threshold, then non-zero progressivity in a redistributive policy
would be optimal, even in endogenously growing economies. Thus, our finding separates
the conventionally assumed theoretical link between the conditions for endogenous
growth and the conditions for the suboptimality of progressive redistribution along
the balanced growth path. In particular, it makes the point that the zero optimal
progressivity result does not stand or fall on the condition for endogenous growth,
contrary to the claim of Matsuyama (2002) and Caucutt et al. (2003).
In addition, Lemma 6 reveals that the minimum threshold that allows the policy-

makers to avoid a costly battle for implementing progressive redistribution would be
lower in relatively patient and thrifty societies, since ∂ω̂

∂ρ
< 0. Also, a higher output-

elasticity µ of human capital and a lower utility-value η of leisure implies a lower
threshold ω̂. We get these results primarily because in each case the supply of input
increases and hence the microeconomic cost of distortion due to a greater progressivity
increases.6

4 Welfare and Effi ciency:

Following Benabou (2002), we define the date t social welfare, Wt, as the aggregation
of utilities, Wt ≡

∫ 1

0
lnU i

tdi and on the balanced growth path it satisfies Wt = W ,
where:

W = (1− ρ)
∞∑
t=0

ρt
[
ln yt − (1− τ)2 Λt − lη + ln (1− s)

]
, (42)

where by γ = ln yt+1 − ln yt, we can write ln yt = ln y0 + tγ.

Clearly, if the planner maximizes the long run growth rate γ of per capita income
then the effi ciency value of redistribution would be underestimated while if the planner
maximizes W then it would exaggerate the effi ciency value of redistribution due to its
concavity property of individual utility which creates an inherent bias toward equality.
Therefore, in addition to considering the balanced growth rate and welfare, we

also consider Benabou’s (2002) measure of aggregate economic effi ciency which can
be thought of representing the GDP adjusted for individual risk, in which certainty-
equivalent consumption, c̄it, replaces agent’s stochastic consumption, c

i
t, and are aggre-

gated over time with common discount rate as follows:

ε ≡ (1− ρ)

∞∑
t=0

ρt
[
ln C̄t − lη

]
, (43)

6A greater value of ρ or µ increases the parental investment in education while a greater value of
η increases parental supply of labor.
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where C̄t ≡
∫ 1

0
c̄itdi and ln c̄it = E0 [ln cit | hi0].

By the property of lognormal distribution of consumption, from Proposition 2 and
from (42) - (43), it follows:

ε = W + (1− ρ)

( ∞∑
t=0

ρt (1− τ)2
t−1∏
k=0

p2

)
Λ (44)

where p and Λ satisfy (22) and (28).7

Simplification of (44) yields:

W = ε− (1− ρ) (1− τ)2

1− ρp2
Λ. (45)

and

ε =
ργ

1− ρ + ln y0 − lη + ln (1− s) (46)

−ρ (1− τ)2 1

1− ρp2

λ2σ2

2
.

where γ is the balanced endogenous growth rate of per capita income.

Lemma 7: The long run growth rate, effi ciency and welfare maximizing progressiv-
ities, respectively, τ ∗γ, τ

∗
ε and τ

∗
W satisfy: τ ∗γ<τ

∗
ε<τ

∗
W .

Proof. With Pigouvian subsidy, if the planner sets s = sδ, then by differentiating ε
with respect to τ yields

∂ε

∂τ
=

ρ

1− ρ
∂γ

∂τ
− ηlη−1 ∂l

∂τ
+ 2ρ (1− τ)

1

1− ρp2

λ2σ2

2
(47)

+ρ (1− τ)2 2ρβλp

(1− ρp2)2

λ2σ2

2

Clearly, at τ = τ ∗, ∂γ
∂τ

= 0 while all the other terms are positive. It implies τ needs
to go up further such that at τ = τ ∗ε and

∂ε
∂τ

= 0. It means τ ∗ε > τ ∗.
Similarly, with s = sδ, by differentiating W with respect to τ yields

∂W

∂τ
=

∂ε

∂τ
+

2 (1− ρ) (1− τ)2

1− ρp2
Λ (48)

+
2ρβλp (τ) (1− ρ) (1− τ)2

(1− ρp2)2 Λ

−(1− ρ) (1− τ)2

1− ρp2

∂Λ

∂τ
.

7For further details, please refer to Benabou (2002), pages 494 - 495 and, in particular, the equation
(38).
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Clearly, at τ = τ ∗ε,
∂ε
∂τ

= 0 while all the other terms are positive. It implies τ needs
to go up further such that at τ = τ ∗W and ∂W

∂τ
= 0. It means τ ∗ε < τ ∗W . �

Lemma 8. ∂τ∗ε
∂ω

< 0 and ∂τ∗W
∂ω

< 0.

Proof. By differentiating (47) and (48) with respect to ω and then applying Lemma
5, it is straightforward to establish the above Lemma. �

Proposition 3. If the substitutability of parental human capital input to the child’s
education increases, then the optimal progressivity declines.

Proof. It follows from Lemmas 5 and 8. �

In the following section we provide some empirical support for the above Proposition
3 which represents the main theoretical contribution of this research to the literature.

5 Empirical Support

We begin by proposing a suitable statistic as data for the crucial parameter ω of our
model that represents the CES of human capital in the education technology. By
assumption, an economy with a higher level of trust and a higher frequency of inter-
actions among parents with different levels of education corresponds to an economy
with a lower knowledge-gaps among the parents or, equivalently, with a greater sub-
stitutability ω of parental human capital inputs to the technology of educating the
children. In pursuit of such a statistic, we discover the recently constructed dataset by
Foa (2011) on the social cohesion index (SCI).

5.1 Social Cohesion and Substitutability of Human Capital

The definition of SCI used in Foa (2011) and Foa and Tanner (2012) parallels that of
the social trust variable in Knack and Keefer (1997) and extends the conceptual schema
developed by Woolcock et al. (2004). It counts primarily the factors that foster norms
of cooperation between different groups with heterogeneous characteristics rather than
the Putnam’s (2001) notion of social capital of a homogenous group. Thus, consis-
tent with the arguments of Dasgupta (2010) and Staveren and Pervaiz (2017), Foa’s
SCI counts as bridging social capital (between groups and individuals with different
social identities) rather than bonding social capital (within groups but not with the
outsiders).8

Foa (2011) constructed his SCI by combining a set of 200 measures of the frequency
of social interactions into the following five indices: civic activism, clubs and associ-
ations, intergroup cohesion, interpersonal safety and trust, and gender equity. These

8The measurement of social cohesion by Staveren and Pervaiz (2017) is another noteworthy exam-
ples. However, we choose Foa (2011) because it corresponds more closely to measuring the frequency
of social interactions across heterogeneous groups of adults than measures provided by the others.

19



factors arguably lower the transaction cost of social interaction and promote the pro-
vision of public goods, thereby facilitating the dissemination of knowledge from people
with higher education to others. To construct the SCI, Foa utilized an ordinal ranking
of various criteria for measuring social cohesion, involving a matching percentile exer-
cise (see, Foa and Tanner 2012). In particular, he used a recursive process of matching
observational ranks based on each index of social interactions over pairs of variables to
find the match values for each of the sub-indices, and utilized the average of the match
variables to create the SCI score for each country.
Moreover, as evidenced in Fearon et al. (2009), social cohesion can be influenced

by policy interventions. Consequently, we can interpret ω as a proxy for a policy
parametera as well. However, the comparative statics involving the parameter ω should
be interpreted as a comparison of the outcome in two different economies under two
different policy regimes for social cohesion, rather than examining the impact of a
change in ω in the same economy.
To sum up, Easterly et al. (2006) noted that countries with more social cohesion

choose better-quality institutions that promote knowledge diffusion, possibly by facil-
itating public speeches and gatherings for intergroup or interfaith discussions, cross-
cultural fairs, shared information centers, and other platforms for human interactions.
The resulting reduction in the knowledge gaps among the adults with different levels
of education increases their exchangeability for imparting past knowledge to the next
generation effectively to lower the cost of education. Consequently, the need for a pro-
gressive redistribution to promote growth through a reduction of inequality declines.

5.2 A New Empirical Observation

In Figure 1, we plot the OECD data on average marginal income tax rate (AMTR) for
a sample of 32 countries for which we can find AMTR data against Foa’s (2011) SCI
data. We rescale the SCI data to map them into the unit interval.
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Fig 1: Progressivity of Redistribution versus Social Cohesion

Progressivity: 2000—2005 average of the AMTR, (OECD, Table I.4). Standardized SCI, Foa (2011,

Table 1).

The plot shows that in overall, among the countries with suffi ciently high degree of
social cohesion, as the SCI increases, the AMTR decreases. Furthermore, the cross-
country variations in progressivity seem to decline as the SCI increases. Presumably,
more social cohesion enables a society to adopt better institutions, as Easterly et
al. (2006) suggested. Better institutions facilitate the choice of optimal progressivity
which, according to Proposition 3 of our model, declines as the substitutability of
human capital ω increases. This observation motivates us to consider the SCI as a
potential measure of the model parameter ω. Clearly, other factors can affect ω but
the literature offers no better alternative. So we use SCI as plausible data for ω at
hand to advance our knowledge incrementally by taking the first step and proceed to
establish a parallel between SCI and ω further.
We begin by closely examining the apparent empirical relationship between AMTR

and SCI that paralles the theoretical relationship between the optimal progressivity
and ω as described by Proposition 3 of our theoretical model.
First, we note from Figure 1 that the negative tradeoff between SCI and AMTR

appears stronger if we partition the sample into three distinct groups ranked by the
cultural preference toward redistribution in the spirit of Luttmer and Singhal (2011).
For example, by taking the Gini coeffi cient as a proxy for the aversion to redistribution,
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we group the countries into three categories. Canada, Sweden, Germany, and Belgium,
with Gini coeffi cient ranging between 25 and 32, as one with a strong preference for
progressive redistribution while Chile, Mexico, Israel, and Turkey, with Gini coeffi cient
ranging between 37 and 54, as one with a weak preference for the same. Clearly, within
each group, including the one in the middle, a robust negative tradeoff between the
SCI and AMTR emerges.
Consequently, we use Gini as one of the determinants of progressivity besides cul-

ture. Arguably, past data on Gini may signal a country’s degree of tolerance of income
inequality and hence the taste for future redistribution. Quah’s (2003) documented
that Gini may vary widely across countries but is generally stable over time within a
country, plausibly reflecting the steady-state outcome of the country’s underlying socio-
political and cultural preference (CULTURE). Also, Luttmer and Singhal (2011) used
the Gini data of the immigrant’s home country as a proxy for their culture variable.
Moreover, we control for the level of development (DEV ) because we believe that

it would capture a plausible wealth effect on the desire for the society to insure its
members against income shocks through progressive income taxes.

5.2.1 A Regression Exercise

We integrate the three hypotheses described above in the following single-equation
model:

AMTRi,T+n = β0 + β1SCIi,T + β2CULTUREi,T + β3DEVi,T + εrrori, (49)

such that β1 < 0, β2 > 0, β3 > 0, the measurement errors εi are assumed to be i.i.d.
and normally distributed, and where i represents the index for country, T denotes a
specific time period in the past and T + n denotes a specific time period in the future
after an interval of n > 0 years.
We follow the single-equation regression of (49) with ordinary least squares (OLS)

and generalized method of moments (GMM). The limited dataset rules out the scope
for an elaborated panel regression exercise. However, to reduce the endogeneity bias,
we maintain a lag between dependant variable AMTR and the independent variables.
In particular, we use the SCI data constructed between 1990 and 2005 and the average
AMTR data for the period 2006-2010 as well as for the period 2011-2015, exploiting
the conventional wisdom that future cannot affect past.
We then explore the empirical plausibility of the hypothesized mechanism by which

a greater SCI could lower the AMTR. This mechanism is knowledge diffusion, which
increases the average years of schooling (AYS) by boosting the social returns on in-
vestment in education in our theoretical model as shown by the equation (23). In
particular, we argue that communications increase the awareness of the publicly avail-
able inputs, which mitigate the unequal opportunity to invest in education due to
credit constraints. Consequently, investments in education among children born into
underprivileged families increase and that, in turn, generate additional growth and
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welfare. Thus, social cohesion substitutes for progressive redistribution by increasing
the economy’s average human capital, measured by the AYS.
To explore the validity of this mechanism, we hypothesize that in each country i,

the AYS in period t+ 1 increases with the SCI of the last period t. We control for the
positive impact of the projection of period t GDP on period t+1 GDP, a critical deter-
minant of the educational infrastructure complementary to human inputs in education.
In particular, by assuming GDP 1985 or its projection on 2010 (PROJ1985[GDPi,2010])
obtained via 2-stage least square as a proxy for the stock of the physical infrastructure
complementary to schooling in 2010, we identify the marginal contribution of the SCI
to the AYS 2010 from the regressions based on the equation (50).9

AY Si, t+1 = β0 + β1SCIi,t + β2PROJt[GDPi,t+1] + εrrori, t+1, (50)

where β1 > 0 and β2 > 0.
The empirical estimation of this model reveals a significantly positive impact of

social cohesion on the average years of schooling and a significantly negative impact on
the progressivity of redistribution, which parallels similar properties displayed by ω in
our theoretical model through equation (23) and Proposition 3. Moreover, the model
can explain as high as 42% of the cross-country variations in progressivity of income
tax in the sample of 32 countries for which we can find all relevant data. Clearly, our
finding is subject to the caveat that the observed AMTR may not reflect the optimal
progressivity. We only appeal to the finding of Easterly, et al. (2006) that as SCI
increases the societies would be more likely to choose optimal policies.

5.2.2 Data

We compile the five year average of the AMTR data for the years 2006—2015 from
the OECD, Table I.4; the GDP per capita, adjusted for relative purchasing power
parity (PPP), for the years 1985 and 2010, from the World Bank; the AYS data for
the year 2010 from Barro and Lee (2013); the Gini data for the period 2002—2007 and
the estimates of culture by Luttmer and Singhal (2011) from the European surveys,
conducted between 2002-2006.10 The SCI data for the period 1990—2005 are taken
from Foa (2011), who combined a set of 200 indicators of social cohesion as bridging
social capital between groups and individuals with different social identities, as opposed
to bonding social capital within groups which exclude the outsiders. We include all
relevant data for our analysis in the Data Appendix.

9Projected GDP is implemented with 2-stage least squares by using the lagged GDP in the first
stage to estimate projected GDP for the second stage. Baltagi (2011) used a similar technique (see,
p, 265).
10For non-European countries, we used the Gini coeffi cient, scaled by 1/10, as a substitute measure

of culture.
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5.2.3 Regression Results

Tables 1 and 2 present the regressions of the SCI on the AMTR with control variables
for economic development, measured by the logarithm of the real GDP per capita in
1985, and the culture of redistribution.11

The OLS heteroscedastic-robust standard errors and the GMM optimal weighting
matrices’standard errors are reported respectively in parentheses and in square brack-
ets. The reported F − stat and adjusted R − squared are calculated from the OLS
regressions. Significance levels are reported as 10%, 5% and 1% for *, ** and ***, re-
spectively. Both methods indicate similar results but the GMM is more effi cient and it
risks more type 2 errors of rejecting the null hypothesis when it should not be rejected.

Table 1

11gincdif: preference for government income redistribution; s-ginc: mean preference for income
redistribution in source country; h-ginc: mean preference for income redistribution in host country;
p-ginc: mean preference for redistribution by country of parental origin.
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Table 2

Based on the results presented in Tables 1 and 2, we discover a robust negative
and significant estimate of the SCI, supporting our hypothesis of a negative tradeoff
between social cohesion and progressive redistribution.
Table 3 presents the regression estimates of the equation (50) indicating the effects

of GDP 1985 and the SCI 1990-2005 on the AY S in 2010.
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Table 3

The positive and significant estimates of the SCI for all specification presented
in Table 3 supports the validity of the hypothesized mechanism through which social
cohesion promotes accumulation of human capital and thereby serve as a substitute
for progressive redistribution.

6 Quantitative Analysis of the Model

With the above motivation for considering the newly available data of SCI as a proxy
for our model’s parameter ω, and keeping in mind that other factors that help reduce
knowledge gaps among the adults may also positively influence ω, we now proceed
to conduct a few quantitative exercises for the model economy. In particular, we ask
how significantly the effectiveness of fiscal policies in promoting growth, effi ciency and
welfare vary as the degree of social cohesion varies across countries. We also ask if the
marginal benefits from progressive redistribution are quantitatively significant after we
account for the gains from the Pigouvian subsidy for mitigating the ineffi ciency caused
by the knowledge externality.

6.1 Calibration of the Parameters

We keep the baseline parameter values used in Benabou (2002) unchanged for the sake
for comparability. We estimate the three new parameters that Benabou (2002) did
not consider: the degree of the knowledge externality δ, the effi ciency of the education
technology κ and the substitutability of human capital ω.
We calibrate the parameter δ following Tamura (1996), which modelled endogenous

growth with a similar knowledge externality in education but in which the annual rate
is around 0.014. Thus, for a 25-year-long generation, we choose δ = 0.4. To estimate κ
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we proceed in two steps. First, we choose the model’s all remaining baseline parameters
following Benabou (2002). Second, we use Foa’s (2011) data on the SCI, standardized
to vary between zero and one, as the measure of the substitutability parameter ω and
Barro and Lee’s (2013) data on the average years of schooling (AYS) for the year 1985
to measure lnh1985 (or, lnht). We use the values of all other parameters from Benabou
(2002, pages 498-499). Next, assuming a period length t of 25 years we simulate the
values of lnh2010 (or lnht+1) by using (23) and the above data of SCI and AYS 1985
for the sample of 104 countries and compute the difference (error) between the model’s
simulated value of lnht+1 (with t + 1 = 2010) and the corresponding data of ln(AYS
in 2010) for each country. We then calibrate the parameter κ = 4.8 to minimize the
root mean square error for the 104 observations. Figure 2 demonstrates how well our
model’s simulations of AYS for the year 2010 fits the AYS data for 2010 with the
calibrated κ = 4.8.

Fig 2: Average Human Capital: Model vs Data

We use data for social cohesion, measuring substitutability ω, from Foa’s (2011) Table 1, the AYS

data from Barro and Lee (2013) for the year 1985 as a proxy for lnh(t) and equation (23) to plot the

simulated values of lnh(t+1) to compare with the AYS data for year 2010.

Next, we try to provide a quantitative explanation from our model for the negative
relationship between AMTR an SCI displayed in Figure 1 but for a subset of countries
with a suffi ciently high social cohesion such that SCI above 0.5. First, we assume
the common practice of a progressive income tax scheme and education subsidy to
calibrate the progressivity parameter (τ) for those countries. We do this by choosing τ
such that the gap between the model’s predicted growth rate and the average 25 year
long run growth rates among those countries is minimized. We then plot through the
data of AMTR and SCI presented in Figure 1, the calibrated progressivity, the optimal
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progressivity under the education finance scheme with the Pigouvian subsidy and the
same under the income tax scheme with no education subsidy and present our finding
below in Figure 3 with the following observations.

Fig 3: Optimal Progressivity vs AMTR

Progressivity: The 2000—2005 average of the AMTR, source: OECD, Table I.4. Standardized SCI,

Foa (2011, Table 1).

First, the calibrated progressivity has clearly an inverse relationship with the SCI.
Second, almost all data-points plotted in Figure 1 fall in between the optimal progres-
sivity under education finance with full education subsidy and that under income tax
without education subsidy. These observations support our use of the SCI data for
measuring ω, the model’s CES parameter. With the above interpretation, they also
bolster the implication of our model’s Proposition 3: a higher social cohesion implies
a lower optimal progressivity of redistribution.

6.2 Simulations of Gains

Next, we conduct an experiment in which each country switches its hypothetical policy
of AMTR coupled with offsetting education subsidy as in Benabou (2002) to the
optimal progressivity under the income tax scheme coupled with the Pigouvian subsidy
(PS) to investment in education. We simulate the resulting gains and examine how
they vary with the country’s SCI. Prior to conducting this exercise, we redo our
calibration of κ but this time to match each country’s long run growth rate between
2001 and 2010. We do that to reduce the upward bias caused by the transitional growth
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in the low income countries. The following table presents samples of gains in growth
(γ), effi ciency (ε) and welfare (W ) for a selected number of countries, belonging to the
top, middle and the bottom groups, according to their SCI.
We also decompose the total gains, presented in the last three columns, into two

parts: (i) gains from mitigating ineffi ciency due to the knowledge externality with the
optimal Pigouvian subsidy (gains from externality correction) and (ii) gains from miti-
gating ineffi ciency due to a misallocation of funds for investment in education with the
optimal progressive redistribution scheme under income tax but without the Pigouvian
subsidy (gains from investment reallocation through progressive redistribution).

Country ω Growth Gains Efficiency Gains Welfare Gains Growth Gains Efficiency Gains Welfare Gains Growth Gains Efficiency Gains Welfare Gains

Canada 1.00 136.32% 27.75% 23.47% 3.21% 17.15% 27.19% 139.53% 44.90% 50.66%

United States 0.89 147.90% 22.82% 18.76% 0.17% 26.71% 37.69% 148.07% 49.53% 56.45%

Switzerland 0.84 116.04% 26.11% 20.43% 0.01% 36.72% 48.31% 116.05% 62.83% 68.74%

Ireland 0.82 150.73% 23.47% 19.56% 0.23% 24.57% 35.08% 150.95% 48.04% 54.63%

Finland 0.80 94.91% 58.80% 48.26% 3.70% 14.95% 25.18% 98.60% 73.75% 73.44%

Netherlands 0.76 141.73% 30.20% 26.53% 3.13% 12.13% 20.10% 144.85% 42.34% 46.64%

United Kingdom 0.75 149.50% 24.51% 20.64% 0.23% 23.12% 33.19% 149.73% 47.63% 53.83%

Norway 0.73 196.77% 24.56% 22.18% 4.34% 9.29% 15.86% 201.11% 33.85% 38.04%

Spain 0.72 220.97% 21.44% 18.95% 1.42% 14.62% 22.64% 222.39% 36.06% 41.59%

Belgium 0.71 112.91% 50.15% 45.41% 8.11% 2.80% 7.49% 121.01% 52.95% 52.90%

Korea, Rep. 0.64 30.40% 18.22% 24.59% 0.70% 40.66% 87.46% 31.10% 58.88% 112.04%

South Africa 0.61 54.86% 94.29% 195.12% 0.27% 58.53% 209.76% 55.13% 152.82% 404.88%

Vietnam 0.60 21.94% 8.20% 8.60% 0.08% 5.35% 9.64% 22.03% 13.55% 18.24%

Turkey 0.44 32.90% 17.33% 19.64% 0.02% 16.65% 30.52% 32.92% 33.99% 50.16%

Thailand 0.40 28.89% 13.22% 14.45% 0.01% 11.96% 21.11% 28.90% 25.18% 35.55%

(i): From Externality Correction (ii): From Progressive Redistribution Total Gains

Table 4: Gains in Long Run Growth Rate, Effi ciency and Welfare

From the Table 4 above we make the following observations. First, as the SCI de-
creases, the growth gains from externality correction decrease but the same from pro-
gressive redistribution change in an inverted-U shape. Introduction of PS yield large
gains and marginal gains from setting progressivity optimally are small and hence the
overall gains decline. The effi ciency and welfare gains are large but they do not show
any systematic variation with the SCI. These observations imply that in the countries
with low SCI the optimal policies are less effective in promoting economic growth,
possibly because of poor quality institutions cause frictions to knowledge spillover.
However, welfare and effi ciency gains appear to be unrelated to the SCI. This obser-
vation is consistent with the model’s equations (25) - (27), (47) and (48) that establish
a salient fact that the parameter ω, which we assume to vary directly with the SCI,
makes no impact on the optimal progressivity for effi ciency (ε) or welfare (W ) other
than through its impact on the optimal progressivity for growth.
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7 Concluding Remarks

We argue that through knowledge diffusion arising from increased social interactions
the social cost of educating a child decreases especially when the child has limited
access to adults with high levels of education. Consequently, social cohesion works like
a substitute for progressive redistribution in promoting growth with equity through
boosting returns to education.
In our model, the unequal distribution of human capital in one generation causes

unequal access to past knowledge and unequal investment in education for the next
generation. Such inequality adversely affects the returns to education and hence the
long-run, endogenous growth of the per capita income, overall economic effi ciency and
welfare. However, social cohesion, which facilitates social interactions reduce knowl-
edge gaps among the adults to make it easier to substitute adults with different levels
of human capital for educating the children. The consequent acceleration in the dif-
fusion of knowledge and its transmission across generations, mitigates inequality of
educational opportunity and its adverse impact on growth.
By limiting our focus to the endogenously growing economies, we find two specific

results: one is theoretical and the other is empirical. First, we prove within the frame-
work of a dynamic general equilibrium model that the optimal progressivity declines
as the substitutability of parental human capital in educating the children’s generation
increases. Furthermore, the optimal progressivity turns from positive to zero when the
substitutability of human capital exceeds a critical threshold, which decreases with the
productive value of skill, measured by the elasticity of human capital in the produc-
tion technology, and individual thriftiness, and it increases with the individual’s utility
valuation of leisure. Second, our numerical findings show that the effectiveness of the
growth promoting policies decreases as social cohesion decreases. This new observation
may help explain the importance of better institutions to improve the effectiveness of
macroeconomic policies.
Future research may explore how the optimal progressivity changes with the intro-

duction of capital goods and without long-run growth. Our preliminary results show
that the optimal progressivity decreases if we allow for physical capital and bequests
and it increases if we disallow endogenous growth. We note from Horioka (2009) that
wealthier individuals leave smaller bequests which mitigate inequality and hence reduce
the benefit from a progressive redistribution of income. We leave the implications of
this mechanism on the optimal progressivity and its interaction with social cohesion
for future research.
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A Mathematical Appendix

Proof of Lemma 1: By (8), we rewrite (14) as follows:

lnU
(
hit, χt; τ

)
= max

sit,l
i
t

{
(1− ρ)

[
ln (1− sit)− ln (1 + θ) + ln ŷit − (lit)

η]
+ρEt

[
lnU

(
hit+1, χt+1; τ

)] }
. (51)

Agent solves (51) subject to (5) - (7). We guess the value function as: lnU (hit, χt; τ) =
Z lnhit +Bt. Then by substituting this value function into (51) and taking partial dif-
ferentials with respect to lnhit yield,

Z = (1− ρ+ ρβZ)λ (1− τ) + ραZ. (52)

Rearranging (52), we get,

Z =
(1− ρ)λ (1− τ)

1− ρ (α + βλ (1− τ))
. (53)

The first-order conditions of (51) with respect to the saving rate and labour supply
are

1− ρ
1− sit

= ρ

(
∂ lnU i

t+1

∂ lnhit+1

∂ lnhit+1

∂sit

)
, (54)

(1− ρ) η
(
lit
)η−1

= (1− ρ)µ (1− τ) /lit + ρ

(
∂ lnU i

t+1

∂ lnhit+1

∂ lnhit+1

∂lit

)
, (55)
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where ∂ lnhit+1/∂s
i
t = β/sit, and ∂ lnhit+1/∂l

i
t = βµ (1− τ) /lit. The above optimization

problem is strictly concave. Consequently, (54) and (55) are suffi cient for the optimiza-
tion exercise and (15) follows immediately after we substitute (53) into (54) and (55).
Similarly, by (5), (8), (10), and (14), we can derive (16) using the same value function.
�

Proof of Lemma 2: For the social planner, there is no redistribution, and the
preference of each dynasty at period t is as below:

Vt = max
(ct,lt,et)

{(1− ρ) (ln ct − (lt)
η) + ρEt [Vt+1]} , (56)

subject to (2), (3) and (5). We still use the same value function as Benabou (2002),
lnUt = Vt lnht +Bt. Thus, we can get

Vt lnht +Bt = (1− ρ) ln (1− st) + ρβVt ln st (57)

+ ((1− ρ)λ+ ρVt (δ + α + βλ)) lnht

(1− ρ) (µ ln lt − lηt ) + ρ [Vt (lnκ+ βµ ln l) +Bt+1] .

The partial differential with respect to lnht yields

V =
(1− ρ)λ

1− ρ (δ + α + βλ)
. (58)

The first-order conditions of (57) with respect to lt and st give (30) and (31). Similarly,
as shown in Proposition 2, we can get (32) similar to (29) but with τ = 0 and lR and
sR being replaced by lδ and sδ. The derivation of Λ is similar to (28) but with τ = 0.
�

Proof of Lemma 3: By the expression of lR from Lemma 1, and sδ from (31),
and (29), we can write γsδh,inc (τ) in terms of γsδh,edu (τ) as below:

γsδh,inc (τ) = γsδh,edu (τ) +
βµ

η
ln (1− τ) . (59)

Note that in the second term of the RHS of (59), βµ
η

ln (1− τ) < 0. This means
that γsδh,edu (τ) > γsδh,inc (τ) for τ ∈ (0, 1). Therefore, γsδh,edu (τ ∗inc) > γsδh,inc (τ ∗inc). We
know that γsδh,edu (τ ∗edu) > γsδh,edu (τ) for τ ∈ (0, 1), since τ ∗edu is from the maximum of
γsδh,edu (τ). Thus, γsδh,edu (τ ∗edu) > γsδh,edu (τ ∗inc). Therefore, γ

sδ
h,edu (τ ∗edu) > γsδh,inc (τ ∗inc). At

the steady state, equation (66) shows that γ = λγh. Thus, γ
sδ
edu (τ) > γsδinc (τ) and

γsδedu (τ ∗edu) > γsδinc (τ ∗inc).
Differentiating (59) wrt τ gives

∂γsδh,inc (τ)

∂τ
=
∂γsδh,edu (τ)

∂τ
− βµ

η

1

1− τ . (60)

Note that in the second term of the RHS of (60), −βµ
η

1
1−τ < 0. This means that

∂γ
sδ
h,inc(τ)

∂τ
<

∂γ
sδ
h,edu(τ)

∂τ
for τ ∈ (0, 1). This implies that if there exists τ ∗edu and τ

∗
inc such

that
∂γ
sδ
h,edu(τ∗edu)

∂τ
= 0 and

∂γ
sδ
h,inc(τ∗inc)

∂τ
= 0, then τ ∗edu > τ ∗inc. �
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Proof of Lemma 6: By differentiating (40) and (41) wrt τ and at τ = 0, it is
straightforward to find that there exits a ω̂ such that if ω < ω̂edu, then B′(0) > C ′(0).
And by the proof of Lemma 4, it can be proven that if ω > ω̂edu, then τ ∗edu = 0.
Similarly, we can find a similar condition on ω such that if ω > ω̂inc, then τ ∗inc = 0. �

Proof of Proposition 1: By assumption, at the initial date t = 0, human capital
is lognormally distributed. By (17), it follows that hit remains lognormally distributed
over time and hence by (5) yit is lognormal. Based on the property of lognormal
distribution, the mean of the lognormal distribution of yit is given by,∫ 1

0

ln yitdi = λmt + µ ln l. (61)

The variance of ln yit is as follows,

var
[
ln yit

]
= λ2∆2

t . (62)

Thus, the income per capita yt is

yt =

∫ 1

0

yitdi = exp

(∫ 1

0

ln yitdi+
1

2
var
[
ln yit

])
. (63)

The mean of (yit)
1−τ in logarithm is

ln

∫ 1

0

(
yit
)1−τ

di = (1− τ) (λmt + µ ln l) + (1− τ)2 Λt. (64)

Taking the difference between before and after tax income yields

ln yt − ln

∫ 1

0

(
yit
)1−τ

di = λτmt + µτ ln l + τ (2− τ) Λt. (65)

This implies that ln ỹt = λmt + µ ln l + (2− τ) Λt. Thus, by (2) and (17), we obtain
(20) and (21). Since ∆2

t+1 is converging to a unique steady state as p < 1, whether or
not the dynamic process of mt would converge to steady state as in Benabou (2002)
or to a balanced growth path with a stationary growth rate depends on the value of
A ≤ 1 and hence on the degree of the knowledge externality δ. �

Proof of Proposition 2: Based on the property of lognormal distribution and
the production function as defined in Benabou (2002, equation 3, page 484), we get
the dynamic equation of per-capita income as follows:

γt = λ (lnht+1 − lnht)−
(

1− λ
λ

)
(Λt+1 − Λt) , (66)

where γt ≡ ln yt+1 − ln yt. Thus, by (23) we find the endogenous growth condition as
1− α− δ = βλ. Moreover, at long run steady state, by Proposition 1, Λt+1 = Λt = Λ.
Thus, we can get (25) and (29). The proof of Proposition 2 is completed. �
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B Data Appendix

Data for Tables 1 and 2 as well as the data for the 5-year average AMTR 2006 —2010
and 2011-2015 are provided below.

Notes for the above data: We compile the 5-year average of the AMTR data for
the years 2006 —2010 and 2011 - 2015 from the OECD, Table I.4, the GDP per capita,
adjusted for relative purchasing power parity (PPP), for the year 1985 and 2010, from
the World Bank, the AYS data for the year 2010 from Barro and Lee (2013), the Gini-
coeffi cient data for the years 2002 - 2007 and the estimates for culture from Luttmer and
Singhal (2011). The survey data on culture is available only for the European countries.
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For non-European countries we used the Gini coeffi cient of income, scaled by 1/10, as
a substitute measure of culture. The SCI data for the period 1990 - 2005 came from
Foa (2011) who combined a set of 200 indicators in a way to count social cohesion as
bridging social capital (between groups and individuals with different social identities)
rather than bonding social capital (within groups but not with the outsiders). Tables
containing the data for Table 3 follow.
Data for Table 3: There are 126 countries presented in 3 separate tables each

containing 42 countries.
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