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Abstract

We suggest that as social cohesion improves, the macroeconomic
gains from progressive redistribution decline. Social interactions fa-
cilitate diffusion of nonrival knowledge. The consequent bridging of
the knowledge gaps makes learning cheaper for children with limited
access to adults with high human capital and thereby lowers the opti-
mal progressivity for a redistributive policy. If social cohesion exceeds
a critical threshold then zero progressivity would be optimal. Nu-
merically, a country with greater social cohesion finds smaller gains
in growth, efficiency, and welfare from progressive redistribution over
and above the gains from a Pigouvian subsidy that eliminates the
inefficiency caused by knowledge externalities.
JEL: E25, E62, O11, O15, O23, O33, O41
Keywords: Knowledge Dissemination, CES Aggregator, Endoge-

nous Growth, Progressivity, Dynamic Macroeconomic Cost-Benefit
Tradeoff

"...there is one effect of social capital that is especially important: its
effect on the creation of human capital in the next generation.”

- James S. Coleman, "Social Capital in the Creation of Human Capital" in
The American Journal of Sociology, 1988.
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1 Introduction

Social cohesion promotes cordial interactions among people. These interac-
tions reduce the knowledge gaps resulting from individuals’ different levels of
education and experience. We argue that as the knowledge gaps among peo-
ple shrink, people become better substitutes of one another in disseminating
knowledge to the next generation. Thus, social cohesion promotes growth
through the increased spillover of knowledge resulting from the increased
substitutability of human capital. Moreover, in a country with more social
cohesion, parents with a low level of education would incur a lower cost in
educating their children, and this, in turn, would lower inequality and foster
growth by raising the average level of education. Consequently, more social
cohesion may promote economic growth with equity to substitute a policy of
growth-promoting redistribution.
The idea of promoting growth through the redistribution of funds for ed-

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

redistribution for a country decline if it enjoys a higher degree of social co-
hesion and how do the potential gains in the long-run growth rate, efficiency
and welfare from redistribution vary across countries with different degrees
of social cohesion?
The recent political controversy around the world regarding income re-

distribution makes the above question especially relevant. Moreover, econo-
mists such as Banerjee and Moll (2010) argued that a redistributive policy
may inflict a moral hazard problem for the potential recipients of transfers,
defeating its essential purpose. Furthermore, 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 cumula-
tive 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
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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 sustain-
ing 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. The
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, by modeling the engine of
growth to be the diffusion of knowledge with social cohesion as its fuel, we
find significant potential for gains from redistribution even with endogenous
growth but with one novel caveat: as social cohesion improves, the gains from
progressive redistribution decline. We compare the quantitative estimates
of these gains from optimal redistribution and examine how they change
with increased social cohesion. We also examine how switching to a policy
of optimal redistribution alters the paths of growth, inequality and welfare
throughout their transition from the old balance growth path to a new one.
Our key analytical finding is twofold. First, a greater degree of social

cohesion lowers the optimal progressivity of redistribution, and if it exceeds
a threshold, then the optimal progressivity drops to zero. The threshold in-
creases with the value of leisure and decreases with patience and the skill
intensity of the production technology. Second, we find that almost all the
observed data in Figure 1 fall within the region bounded by the two profiles
of the model’s calibrated, optimal progressivity - one under the income tax
scheme with no subsidy and the other under the education finance scheme
with the Pigouvian subsidy. We interpret these discoveries as a validation
of our hypothesis on the negative trade-off between social cohesion and pro-
gressive redistribution.
We decompose the gains from switching to the optimal policy into one

from externality correction and the other from progressive redistribution.
Then we show how those two gains change with social cohesion. We typically
find that as a country’s social cohesion index increases, the marginal gains,
from choosing the optimal progressivity, in long-run growth decline while

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 modeling of such complementarity.
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in welfare and efficiency increase. Consequently, the policy implications for
economic development follows in a straightforward way. Countries with more
social cohesion can achieve a faster economic growth with less progressivity
in redistribution whereas countries with low social cohesion can attain faster
growth through progressive redistribution. However, a more equitable path
of growth may require a greater progressivity nonetheless.
The remainder of this study goes as follows. Section 2 provides a litera-

ture survey on this topic and explores empirical support for the key hypoth-
esis. Section 3 establishes how social cohesion and the knowledge externality
interact with the endogenous relationship between inequality and the long-
run growth rate of per capita income. Section 4 presents the key analytical
tradeoff between social cohesion and optimal redistribution while Section 5
extends them with numerical simulations. Section 6 adds a few concluding
remarks, followed by the Appendix containing the proof of the techinical
results not presented in the paper and the Data Appendix containing data
used for the empirical results reported in the paper.

2 A Brief Review of the Literature and the
Data

A growing body of literature on social cohesion and growth since Easterly et
al. (2006) argued that better social cohesion yields better economic institu-
tions, which govern, as North (1990) put it, "the rules of the game in a so-
ciety [or] humanly devised constraints that shape human interaction" (p36),
and such interactions facilitate knowledge spillover and economic growth.
Foa (2011) described how social cohesion promotes growth through multiple
channels, one of which, we believe, facilitates the diffusion and transmis-
sion of nonrival knowledge across generations to fuel the engine of economic
growth by decreasing social transaction costs through a reduction in social
conflicts as evidenced in Fearon’s et al. (2009) study.
The absence of social cohesion aggravates a wide variety of frictions in

social interactions. They may arise from customary divisions within a soci-
ety based on gender, caste, religion, ethnicity or other identifiable criteria.
They may also originate from deep roots of heterogeneity and ethnolinguistic
diversity.2 The work of Desmet et al. (2015) showed that when culture and

2Spolaore and Wacziarg (2009), Comin et al. (2010), Alesina and La Ferrara (2005),
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ethnicity reinforce each other, the likelihood of conflicts (because of a decline
in trust) increases. Barriers to social interactions may result in mismatches
between task and skill, such as what Acemoglu and Autor (2012) highlighted,
and precipitate information islands blocked inside social cliques, as modeled
in Acemoglu et al. (2014). Consequently, the efficiency of transmission of
knowledge between two successive generations may critically depend on the
degree of social cohesion.
The measurement of social cohesion has had a recent surge in the lit-

erature. The studies of Foa (2011) and Staveren and Pervaiz (2017) are
noteworthy examples.
The definition of the social cohesion index (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 rather than the Putnam’s (2001) notion of social
capital of a homogenous group. Thus, consistent with the arguments of Das-
gupta (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).

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).

Michalopoulos (2012) and Putnam (2001) provided valuable research on the deep roots
of heterogeneity and their implications for "social capital", the idea of which, however,
evolved significantly from Putnam, et al. (1993) to Dasgupta (2010).
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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. The plot shows that as the SCI increases the AMTR
decreases, motivating our key hypothesis that as social cohesion improves, the
optimal progressivity declines. 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, which facilitates the choice of optimal policies.
This 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 coefficient as a proxy for the aversion to redistribution, we
group the countries into three categories. Canada, Sweden, Germany, and
Belgium, with Gini coefficient ranging between 25 and 32, as one with a
strong preference for progressive redistribution while Chile, Mexico, Israel,
and Turkey, with Gini coefficient 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.
To explore the hypothesis of a negative trade-off between the AMTR and

the SCI further we conduct an empirical exercise with cross-country data.
In particular, 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-
2006.3 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.
We follow a single-equation regression of the AMTR on the SCI with

ordinary least squares (OLS) and generalized method of moments (GMM),

3For non-European countries, we used the Gini coefficient, scaled by 1/10, as a substi-
tute measure of culture.
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after controlling for the cultural preference for redistribution (CULTURE)
and the level of economic development (DEV ), we estimate the following
equation:

AMTRi = β0 + β1SCIi + β2Culturei + β3Devi + εrrori. (1)

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.4

The OLS heteroscedastic-robust standard errors and the GMM optimal
weighting matrices’ standard errors are reported respectively in parentheses
and in square brackets. 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 ***, respectively.

Table 1

4gincdif: 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.
We then explore the empirical plausibility of the hypothesized mechanism

of a faster diffusion of knowledge by which a greater SCI lowers the AMTR.
We also hypothesize that the mechanism is knowledge diffusion increases the
average years of schooling (AYS), by boosting the social returns on invest-
ment in education. In particular, we argue that communications increase
the awareness of the publicly available inputs, which positively complement
and thereby increase the returns on investments in education. Consequently,
investments in education among children born into underprivileged fami-
lies increase more than proportionately, and the inequality of human capital
declines in a way that lowers the potential benefit of progressive redistri-
bution. Thus, social cohesion substitutes for progressive redistribution by
increasing the economy’s average human capital, measured by the AYS.

8



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 determinant 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 (2).

AY Si, t+1 = β0 + β1SCIi,t + β2PROJt[GDPi,t+1] + εrrori, t+1, (2)

where, β1 > 0 and β2 > 0.
5

Table 3 presents the regression estimates of the equation (2) indicating
the effects of GDP 1985 and the SCI 1990-2005 on the AYS in 2010.

Table 3

The positive and significant estimates of the SCI for all specification
presented in Table 3 supports the validity of the hypothesized mechanism

5Baltagi (2011) used a similar technique (see, p, 265).
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through which social cohesion promotes accumulation of human capital and
thereby serve as a substitute for progressive redistribution.
This robust observation of a positive impact of social cohesion on the

accumulation of human capital and a negative impact of social cohesion on
the observed progressivity in a country calls for an explanation.

3 The Model

We develop Benabou’s (2002) seminal model suitably to provide one such
explanation. In addition, we consider the Pigouvian subsidy as an additional
tool to correct the negative impact on private investment in education re-
sulting from the atmospheric presence of a knowledge externality in private
education technology and compare the gains from this measure of externality
correction vis-a-vis the gains from progressive redistribution. Our explana-
tion relies critically on the social cohesion led knowledge diffusion.
In partcular, we assume a continuum of infinitely lived dynastic 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 distribution of parental human capital hi0 is lognormal. Dynasties live
in neighborhoods segregated by parental human capital hit, a proxy for neigh-
borhood affordability and, in turn, a proxy for the differentiated quality of
education available in the ith neighborhood. We also integrate his analysis
of two different redistributive policies R: (i) income tax (inc) and (ii) educa-
tion finance (edu) into one with two progressivity parameters τ inc and τ edu,
respectively, to describe the average marginal tax rate (AMTR) in the in-
come tax schedule and the average marginal rate of the progressive education
subsidy in the education finance scheme.6

However, to make his model relevant for our study we incorporate in it
two additional features. One spells out how social cohesion plays a critical
role in the way a society aggregates publicly available knowledge for the next
generation. The other measures how the public endowment of knowledge
complements the parental investment in children’s education through its at-
mospheric presence as a knowledge externality in education technology. We

6For a complete description of the preference, technology, and the individual budget
constraints in the Benabou’s (2002) economy we refer to Benabou (2002), pages 483-485,
equations 1-6, and page 489, equation 19.
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now turn to those special features before presenting the equilibrium for the
modified Benabou (2002) economy.

3.1 Social Cohesion and the Substitutability of Human
Capital

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 increase simply by allocating additional physical resources. Thus
our approach differs from the past influential works of Glomm and Raviku-
mar (1992), Benabou (1996) and Fernandez and Rogerson (1998). Instead,
we assume that social cohesion, which facilitates the quality and 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 gener-
ation. Furthermore, we assume that social cohesion does not automatically
increase with national income.
However, a targetted external intervention with the sole objective to im-

prove social cohesion could work. For example, Fearon et al. (2009) ex-
amine the effect of foreign aid through the community-driven reconstruction
(CDR) programs on social interactions in the post-conflict countries. Their
finding shows that CDR helps improve social cooperation and community
cohesion significantly. Gradstein and Justman (2002) concluded that more
state schooling and distribution of education vouchers could help increase
social cohesion by reducing social distance between individuals. Esteban and
Ray (2011) provided reasons for disassociating the overall measures of income
inequality or level of economic development from the factors that cause con-
flicts in a society to rupture its underlying cohesion. Their study also provide
clues to designing smart policy intervention for improving social cohesion.
Furthermore, since Easterly et al. (2006), a large number of studies have

supported the idea that factors that are exogenous to GDP per capita and
overall income inequality determine social cohesion. For example, the country
size (see, Brito 2015), the degree of fractionalization and polarization and
their implications for the frequency of ethnic and religious conflicts (see,
Esteban and Ray, 2011 and Esteban et al. 2012), are important determinants
of social cohesion but they are largely exogenous to a country’s per capita
income or to its overall income inequality. Consequently, neither a richer
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economy nor an economy with less income inequality necessarily enjoys more
social cohesion. Yet, a suitably designed policy intervention can make a
difference. It follows, therefore, even though social cohesion can be altered
by exogenous policy interventions, it does not change endogenously with
economic growth, simply because it brings in additional tax revenues for the
provision of public good.
Next, we follow the insight of Easterly et al. (2006) to note that countries

with more social cohesion choose better-quality institutions that promote
knowledge diffusion, possibly by facilitating public speeches and gatherings
for intergroup or interfaith discussions, cross-cultural fairs, shared informa-
tion centers, and other platforms for human interactions. The resulting re-
duction in the knowledge gaps among the adults with different levels of ed-
ucation increases their exchangeability for imparting past knowledge to the
next generation effectively to lower the cost of education.
Consequently, a country with more social cohesion would reasonably enjoy

a higher average level of education. We find that the data on the average
years of schooling in 2010 from Barro and Lee (2013), as the measure of
the average human capital (h2010), and Foa’s (2011) measures of SCI for a
large number of countries provide some support to the above hypothesis.
In particular, Figure 2 reveals a positive, although non-linear, relationship
between Barro and Lee’s measure of the average years of schooling and Foa’s
measure of SCI.

Fig 2: Average Years of Schooling vs Social Cohesion Index

Average years of schooling, Barro and Lee (2013). Standardized SCI, Foa (2011, Table 1).
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Next, we argue that the mechanism of knowledge diffusion through which
a greater social cohesion increases the average years of schooling in an econ-
omy works to increase the substitutability of parental human capital for ac-
quiring the existing knowledge that is complementary to parental investment
in children’s education.
This conjecture resembles an important idea explored in Benabou (1996)

but with one important difference. Benabou allowed the possibility that,
through social interactions, someone with more education may raise the hu-
man capital of another person with less education but a high transaction cost
of interactions could nonetheless lower the combined human capital of the
group. Following Foa (2011) we argue that a greater social cohesion lowers
the transaction cost of communication to facilitate the spillover of informa-
tion from parents with a higher level of education to parents with a lower
level of education. Therefore, the net effect of this spillover is a reduction
in the variance of the gap in the existing knowledge which, presumably, has
already been discovered in the past.
Foa (2011) constructed his SCI by combining a set of 200 indicators of

social cohesion into the following five indices: civic activism, clubs and as-
sociations, intergroup cohesion, interpersonal safety and trust, and gender
equity. These factors arguably lower the transaction cost of social inter-
action and promote the provision of public goods, thereby facilitating the
dissemination of knowledge from people with higher education to others. To
the extent that social cohesion promotes consensus toward implementing the
optimal policies, the social welfare improves. To the extent that it promotes
dissemination of knowledge from those privileged with higher education the
knowledge gap between parents with different levels of education shrinks.
We explore the implication of the latter mechanism through our model and
return to the implication of the other mechanism later to supplement the
numerical-simulation analysis of the model’s properties.
We assume that a good measure of social cohesion that captures the above

mechanism of knowledge diffusion would correspond to a smaller gap in the
actual human capital of the parents compared with the measured differences
in terms of their education levels. To construct the SCI, Foa utilized an
ordinal ranking of various criteria for measuring social cohesion, involving a
matching percentile exercise (see, Foa and Tanner 2012). In particular, he
used a recursive process of matching observational ranks based on each index
of social cohesion 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
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SCI score for each country. We argue that irrespective of the differences in
the acquired levels of education, the gaps in knowledge among the parents
decline as the above measure of social cohesion increases.
Our justification follows from Foa’s interpretation of that index. Foa

interpreted the social cohesion dividend to correspond to an outcome when
economies are able to utilize the resources of their members, without discrim-
ination based on caste, creed, or ethnicity, and without the costs of containing
violent conflicts between groups. We interpret that the social dividend from
social cohesion comes in the form of increased access to the existing knowl-
edge by children born into families with parental human capital below the
average stock in the economy. The higher is the index of social cohesion,
the higher is the knowledge dividend resulting from the growth of parental
human capital through social interaction for bringing those endowed with a
parental human capital below the average closer to the economy’s average.
The following equation captures the above idea that a greater degree of

social cohesion or, equivalently, 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

. (3)

By (3), on average, the availability of the past knowledge increases in ω
and, equivalently, with the elasticity ( 1

1−ω ) of substitution of human capital
inputs, which, by assumption, increases with social cohesion.7 Furthermore,
the lognormal distribution of human capital implies

lnKt = lnht − (1− ω)Δ
2
t

2
, (4)

where at each date t, ht = hit denotes the average human capital and, Δ
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,

7Chiu 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 varitions 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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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 social cohesion generates sufficient 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. In this
special case, the measured inequality of human capital would cease to have a
bearing on the public stock of knowledge endowment for the next generation.
Otherwise, a less than perfect social cohesion, that is, ω < 1, would imply
unequal access to past knowledge among the children during their education.
Our use of ω as a parameter while associating it with the SCI which

is measured from a set of endogenous outcome such as civic activism calls
for some justifications. First, Foa and Tanner’s (2012) method of percentile
matching of the relevant variables minimizes the impact of changes in a single
variable on the SCI. Second, the SCI focusses on the factors that promote
intergroup interactions which depends on factors that are exogenous to our
model environment. In particular, it does not depend on the long-run growth
rate of per capita income which appears as a function of ω in our model.
Third, as discussed earlier, consistent with the evidence presented in Esteban
et al. (2012) the overall inequality does not have a direct relationship with
the intergroup conflicts that lower Foa’s (2011) measure of social cohesion.
Therefore, we conclude that the SCI depends on factors that we can consider
exogenous to our model environment and hence use as a parameter.
However, 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 parameter that may correspond to an outcome captured
in Foa’s (2011) SCI but which are exogenous to our model economy. 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.
The recent work of Zhan (2017) reaffirms the commonly held wisdom that

the child accumulates human capital not only by receiving formal education
in schools and training 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

15



a model economy in which a greater level of trust in society increases the fre-
quency of social interactions, thus lowering the cost of transferring knowledge
across generations in the society. Zhan’s (2017) findings also support the hy-
pothesis of a stronger influence of the informal channel for children with less
educated parents. Mookherjee et al. (2010) considered how improved social
interactions through global (as opposed to local) channels work to reduce the
social distance between two distinct groups of different ethnicities, religions,
or national origins in a way that we believe fosters knowledge diffusion.

3.2 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 mar-
ginal efficiency of investment in the child’s education. Thus, the knowledge
externality in education works like public education in mitigating the in-
equality arising from the neighborhood externality in private education in a
similar way as discussed in Benabou (1996) with one important difference.
We assume that the atmospheric presence of past knowledge increases with
social cohesion, which increases the interactions among parents. However,
unlike schooling, it does not automatically increase with the allocation of
additional physical resources.
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 ξ

i
t+1, and the parental investment in her education

eit such that

hit+1 = κK
δ
t ξ
i
t+1 h

i
t

α
eit

β
, κ,α, β, δ > 0, α+ β < 1. (5)

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
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the quality of private education. 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 dy-

namic externalities 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. Thus, by (3)-(5), we hypothe-
size how social cohesion fosters knowledge transmission across generations to
boost the human capital of the next generation’s adults. Next, we examine
the equilibrium outcome for the above economy.

3.3 The Equilibrium

At each date t, let mt denote the mean and Δ2
t denote the variance of lnh

i
t

and χt ≡ (mt,Δ
2
t ; R) denote the vector of the economywide state variables

such that Vt ≡ V (hit,χt; τ) satisfies the preferences of dynastical agent i
at period t as defined in Benabou (2002, equation 1, page 483). We define
equilibrium as a fixed point between the conjectured 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 (h

i
t+1,χt+1; τ)

, (6)

subject to the specifications described in the Benabou (2002) economy (see
pages 484-485) coupled with the additional restrictions given by (3).
It follows that the dynasty i’s decision rule for human capital accumula-

tion which is quite similar to that in Benabou (2002) (see page 490 equation
25) but with one difference. It incorporates the impact of social cohesion and
the knowledge externality parameters ω and δ, respectively, as follows:

lnhit+1 = lnκ+ δ ln hit − δ(1− ω)
Δ2
t

2
+ β ln

ρβλ

1− ρα + βμ (1− τ) ln lR(7)
+ ln ξit+1 + (α + βλ (1− τ)) lnhit + βτ ln ỹt,

where for the each redistributive scheme R = inc, edu, the expressions for lR
are identical to Benabou’s (2002) formula (see, pages 487 and 490), and ỹt
represents the break-even level of income where those with an income above
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ỹt pay net taxes, while those with an income below ỹt receive net transfers.
Following Benabou (2002), we define the income inequality index Λt as the
logarithm of the ratio of mean to median income, which varies proportion-
ately with the variance Δ2

t of human capital such that Λt = λ
2Δ2

t/2. With
sR, R = inc, edu, abbreviating the expressions described in pages 487 and
490 of Benabou (2002), Proposition 1 helps characterize the transitional dy-
namics of the average human capital ht and the income inequality Λt but
with a few significant differences.
The social cohesion parameter ω and the knowledge externality parameter

δ interact to influence the impact of inequality on the growth rate of average
human capital, even though neither of them exerts its direct impact on the
income inequality. Furthermore, whether or not the dynamic process 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 as it becomes clear from the
following proposition.
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 + δωΔ2

t/2, (8)

Δ2
t+1 = σ

2 + p2Δ2
t , (9)

where A ≡ α + βλ + δ, B ≡ lnκ − σ2/2 + β ln sR + βμ ln lR, and the inter-
generational persistence of the human capital p satisfies p ≡ α+ βλ (1− τ).
The transitional dynamics for the average human capital follows from (7)

- (9):

lnht+1 = lnκ+ β (ln sR + μ ln lR) + (δ + α+ βμ) lnht + δω
Δ2
t

2
(10)

− (δ + α+ βμ)− (α+ βμ (1− τ))2
λ2

− βτ (2− τ) Λt.

The above transitional growth dynamics (10) for the average human capital
captures a partial positive impact of the inequality of human capital (Δ2

t )
measured by δω, which increases with the social cohesion parameter ω, and
a partial negative impact of the inequality of income (Λt), which is inde-
pendent of the social cohesion. The positive impact captures the gains from
knowledge diffusion, which increases with the variance of human capital and
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with increased social cohesion. The negative impact captures inefficiency 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 hu-

man 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 social interactions. If social cohesion decreases, 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. Thus, a higher degree of social cohesion acts to reduce
the net growth benefit from progressive redistribution.
Next, we examine the conditions for endogenous growth and the growth-

inequality relationship on a balanced growth path.

3.4 Endogenous Inequality and Growth

Clearly, p < 1. It follows, therefore, from (9) that Λt converges to a stationary
state Λ > 0. By (8), it follows, therefore, if A 1, then, the economy
converges either to a steady state per capita income that is comparable to
Benabou (2002) (if A < 1) or to a balanced growth state 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 efficiency 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 this paper we focus on the case of the endogenous growth with a

rich transitional dynamics between income inequality and the rate of growth
which asymptotically convergers to a balanced growth path which corre-
sponds to the case of balanced growth such that the degree of the knowledge
externality equals to a critical value δ∗ 0, where

δ∗ ≡ 1− (α + βλ) . (11)

However, as mentioned above, the model does not exhibit the so-called knife-
edge property. Instead, it exhibits a rich transitional dynamics through (10).
We interpret the critical value δ∗ as the critical amount of social returns to

schooling necessary via the atmospheric impact of the knowledge endowment
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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 al-

ternative 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 re-
spect to the expenditure on the child’s education. We do that by eliminating
β by using (11). Clearly, the impact of social cohesion parameter ω works
through the impact of the knowledge externality and hence the impact of the
social cohesion parameter ω would be stronger in economies where endoge-
nous growth arises from a greater share of social returns to schooling.
We now confine our focus to a comparison of the alternative paths of en-

dogenous growth. We begin with Proposition 2 below which we first describe
for each regime R: (i) income tax (inc) and (ii) education finance (edu) sepa-
rately with notations sR and lR that abbreviate expressions derived in pages
487 and 490 of Benabou (2002).
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, (12)

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), (13)

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
, (14)

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
. (15)

Clearly, by (12) and (14), as the substitutability ω of human capital in-
creases, the marginal cost of inequality Ψ∗ decreases. Presumably, with the
removal of social barriers that hinder free interactions among the adults, the
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substitutability of parental human capital increases through increased knowl-
edge diffusion and, in turn, increases children’s access to past knowledge ir-
respective of the limit set by their parental human capital. Consequently,
social cohesion reduces the cost of inequality by facilitating knowledge diffu-
sion through increased frequency of social interactions.
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 (10). 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) (16)

− 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
(16).

4 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 (6) subject to (3) and (5) by internalizing the impact of nonrival
knowledge on the efficiency 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.
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Lemma 1: 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

, (17)

sδ =
ρβλ

1− ρ (α+ δ) , (18)

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,

(19)
where the income inequality Λ is given by

Λ =
λ2σ2/2

1− (1− δ)2 . (20)

The planner’s optimal rules for labor supply and investment in educa-
tion incorporate the impact of the knowledge externality on the marginal
efficiency 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 Benabou (2002, equations
14, 16, 22, 24 on pages 487 and 490).

4.1 Optimal Policy

Two types of frictions cause inefficiency 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 efficient allo-
cation 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 inef-
ficiency. One is the Pigouvian subsidy to fix the problem caused by the
presence of the knowledge externality in education and the redistributive
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policy to alter the long-run distribution of human capital. We split up the
planner’s problem into two parts: mitigating inefficiency due to the knowl-
edge externality with a Pigouvian subsidy or, in short, externality correction
and mitigating inefficiency from misallocation of funds for investment in ed-
ucation 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 = κK
δ
t hit

α
(1 + aPS) (1 + aR) e

i
t

β
, where R = edu or inc, (21)

the educational investment rate (1 + aR) eit/y
i
t = sR, where sR can be found

in Benabou (2002, eq16, p487) for R = inc and Benabou (2002, eq22, p490)
for R = edu. However, if a Pigouvian subsidy aPS is imposed to set invest-
ment rate sR = sδ given by (18), then the negative effect of the knowledge
externality on 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.8

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 progres-
sivity. 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.

8An 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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4.1.1 Long-Run Growth Rate Maximizing Progressivity

The policymaker considers both schemes of redistribution R (education fi-
nance 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 (18). 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), (22)

where the expression of γR(aPS, τ) is the same as (12) except sR is replaced
by sδ.
Differentiating γR(aPS, τ) with respect to τ yields:

γR(aPS, τ) = Φ
∗
R(aPS, τ) + Ω

∗Λ∗, where, Ω∗ ≡ Ψ∗z −Ψ∗ (τ), (23)

where the inequality Λ∗ along the balanced growth path and the measure
Ψ∗ of its adverse impact on the balanced growth rate satisfy (14) and (15),
Φ∗R(aPS, τ) =

(1−α−δ∗)μ
lR

lR(τ) < 0 measures the distortionary impact of pro-
gressivity on the supply of labor. We define z ≡ −∂Λ∗

∂τ
/Λ∗ > 0 such that

τz = −∂ lnΛ∗
∂ 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 efficiency of
redistribution would be higher as well under education finance. The following
lemma summarizes these results:
Lemma 2: With the Pigouvian subsidy to equalize the parental investment

rate in the child’s education to the efficient 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.
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
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between the macroeconomic growth benefit from lowering inequality and the
associated macroeconomic cost due to the increased adverse impact of in-
equality 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 ≡ ∂ lnΨ∗

∂ ln τ
of increase in the adverse impact Ψ∗ of in-

equality 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 . (24)

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 technology Ω∗ < 0, and, therefore, the optimal progressivity
along the balanced growth path without a push from such externality must
be zero.
Lemma 3: 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 (12), 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 endoge-
nously growing economy. In the atmospheric presence of a knowledge exter-
nality in education, progressive redistribution mitigates the adverse impact
of low social cohesion, which causes low substitutability of parental human
capital to aggravate the inefficiency 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 positively correlated with social cohesion, exerts its positive impact
on growth only by weakening the growth-promoting potential Ω∗ of a pro-
gressive redistribution such that ∂Ω∗

∂ω
< 0 while leaving all other channels

through which progressive redistribution makes an adverse impact on growth
unchanged. Consequently, greater social cohesion, and hence smaller gaps be-
tween parental ability to pass existing knowledge to their children, implies a
lower progressivity for maximizing the long run balanced growth rate.
In the following lemmas we summarize our finding regarding the above in-

teraction between knowledge diffusion through social cohesion and its impact
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on the growth-promoting potential of progressive redistribution.
Lemma 4. ∂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 γ

sp
h of average human capital

satisfies (19). If instead the planner sets R = edu, τ > 0 and the Pigouvian
subsidy to sedu = sδ, then by (16) the balanced growth rate γ

sδ
h,edu (τ) of

average human capital satisfies:

γsδh,edu (τ) = lnκ− (1− λ) σ2/2 + β (ln sδ + μ ln ledu (τ)) (25)

− 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 (26)

= 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) , (27)

C(τ) ≡ βμ (ln lδ − ledu (τ)) + δω 1
λ2
(Λ− Λ (τ)) . (28)

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.

Proposition 3. If social cohesion increases the substitutability of parental
human capital through knowledge diffusion, then as social cohesion improves
the long run growth rate, maximizing progressivity declines.
Proof. It follows from Lemma 4.
Next, we explore the condition when social cohesion enhances the sub-

stitutability ω of human capital sufficiently to relieve the policymakers from
the difficult politics of pursuing progressive redistribution. In particular, we
explore the critical threshold for substitutability above which the optimal
progressivity τ ∗ = 0.
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Lemma 5. 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 (12), 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.

Lemma 5 highlights that if, consistent with our hypothesis, social cohesion
improves the substitutability of human capital, then non-zero progressivity
in a redistributive policy would be optimal, even in endogenously growing
economies. Thus, our finding separates the conventionally assumed theoret-
ical 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 5 reveals that the minimum threshold for social co-

hesion that allows the policymakers to avoid a costly battle for implementing
progressive redistribution would be lower in relatively patient and thrifty so-
cieties, since ∂ω̂

∂ρ
< 0. Also, if the production technology assignes a higher

value μ of human capital and indidivual preference assigns a lower weight η
on leisure then the social cohesion needs to cross a lower threshold for the
society to enjoy optimal growth path without progressive redistribution. 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.9

Next we turn to examining how social cohesion affects the optimal pro-
gressivity for maximizing economic efficiency and welfare. As in Benabou
(2002), (see page 496 for details) we define the date t social welfare, Wt, as
the aggregation of utilities, Wt ≡ 1

0
lnU itdi, and consider Benabou’s (2002)

9A greater value of ρ or μ increases the parental investment in education while a greater
value of η increases parental supply of labor.

27



measure of aggregate economic efficiency, which can be thought of as repre-
senting the GDP adjusted for individual risk.

5 Quantitative Analysis of the Model

We now present results from our quantitative exercises. We begin by choosing
the baseline parameter values which mostly follow Benabou (2002).

5.1 Calibration of the Parameters

We estimate the three new parameters that Benabou (2002) did not consider:
the degree of the knowledge externality δ, the efficiency of the education
technology κ and the substitutability of human capital ω.
We calibrate the parameter δ following Tamura (1996), which modeled

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 gener-
ation, we choose δ = 0.4. To estimate κ 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
(10) 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 3 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.
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Fig 3: 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 (10) to plot the simulated values of lnh(t+1) to compare with the AYS data for

year 2010.

Next, we run a growth regression along the line pursued in Foa (2011) but
with a longer time horizon suitable for our theoretical model, which assumes
the time period to be equal to approximately the adult lifespan of 25 years.
In particular, our dependent variable for the cross-country regression is the
growth rate of the real GDP per capita (in 2010 U.S. dollars) between 1985
and 2010 for 104 the countries. Also, we use only two control variables for the
initial period of 1985: the logarithm of GDP per capita, as a proxy for the
initial size, and the logarithm of the average years of schooling, as a proxy
for the initial productivity. The regression estimate of the SCI is surprisingly
robust and significant, with 95% confidence.
Based on the estimated regression coefficients, we compute the predicted

diversity in the 25-year growth rates due to differences in the SCI. Assuming
the common practice of progressive redistribution and the use of an education
subsidy, we try to calibrate the progressivity parameter (τ) under the income
tax scheme with an education subsidy for a subsample of countries with
SCIs above the threshold of 0.4. We do this by choosing τ such that the
gap between the model’s predicted growth rate and the cumulative long run
growth rate for 25 years estimated from that regression is minimized.
The calibrated progressivity as described above and the optimal progres-

sivity under the income tax regime with an education subsidy overlap, sur-
prisingly, very closely. Therefore, in Figure 4, we plot only the optimal
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progressivity under the income tax regime with an education subsidy and
the data on the AMTR around it.
The cross-country disparity in the AMTR data is clearly much wider

than what the model can calibrate by choosing the progressivity parameter
alone while taking the baseline parameter values the same as the U.S. Keep-
ing aside the plausible reasons for economies to differ significantly in terms
of those baseline parameters, there are other factors as well. Clearly, the
model captures only one of the many channels, namely, knowledge diffusion,
through which social cohesion promotes growth. Through other channels the
difference in the SCIs may explain the difference between the calibrated and
the optimal progressivity based on the same baseline parameter values.
However, when we plot for the baseline economy, our model’s calibrated

progressivity designed to maximize the long run growth rate, the optimal
progressivity under the education finance scheme with the Pigouvian subsidy
and the same under the income tax scheme with no education subsidy, we
note from Figure 4 that, consistent with our theory, those two bounds vary
inversely with the SCI and cover almost all of our dataset for the AMTR.

Fig 4: Optimal Progressivity vs AMTR

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

Standardized SCI, Foa (2011, Table 1).

5.2 Simulations of Gains in the Long Run Growth Rate,
Welfare and Efficiency

The following table presents samples of gains for a selected number of coun-
tries as they switch from τ = 0 under the income tax scheme to the optimal

30



schemes that maximize, respectively, the long-run growth rate, efficiency
and welfare. We also decompose the total gains, presented in the last three
columns, into two parts: (i) gains from mitigating inefficiency due to the
knowledge externality with the optimal Pigouvian subsidy (gains from ex-
ternality correction) and (ii) gains from mitigating inefficiency due to a mis-
allocation of funds for investment in education with the optimal progressive
redistribution scheme under education finance but without the Pigouvian
subsidy (gains from investment reallocation through progressive redistribu-
tion).

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

From Table 4, we make the following observations: First, the total growth
gains are significantly higher among those with lower social cohesion. The
growth gains from optimal redistribution could be three to six times larger
in a country belonging to the group with the lowest SCI than those belong-
ing to the top group. It is also noteworthy that among the countries with
top-ranked SCI, the share of total growth gains from externality corrections
is about three to five times larger than the gains from progressive redistribu-
tion. A similar comparison among the countries ranked at the low end of SCI
reveals that those gains are only one and half times larger from externality
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corrections than from progressive redistribution. These observations imply
that progressive redistribution has a strong potential to promote growth in
countries with low social cohesion. Reduced inequality would mitigate the
inefficiency due to unequal access to knowledge in a country with low social
cohesion. It is also quite noteworthy that among the countries with high SCI,
once the Pigouvian subsidy is introduced, the marginal benefit of progres-
sive redistribution appears almost insignificant. Second, the total gains in
efficiency and welfare, however, appear to differ only a little, as the simula-
tions generate only slightly larger gains for a country with a higher SCI. It is
worth noting, however, that gains in efficiency and welfare from progressive
redistribution are about 50-100 times larger than gains from externality cor-
rection and that a redistributive policy would be more effective in generating
these gains in countries with high SCI. If countries with high SCI design
institutions to promote efficiency and welfare rather than focus exclusively
on growth, then we would expect these countries to choose a greater pro-
gressivity than those with low SCI. Next, we explore the robustness of our
conclusions from these quantitative exercises by exploring the transitional
dynamics.

5.3 Transitional Dynamics

Figures 5 shows, for the U.S. economy with the initial state coincided with
the balanced growth path with zero progressivity and with no subsidy of
any kind, the dynamic path of the growth rate of per capita income (γt) and
inequality (Λt) in response to an unanticipated and permanent (i.e., once and
for all) switch to the education finance regime with the Pigouvian subsidy
(PS) to offset the inefficiency due to the knowledge externality, coupled with
the progressivity parameter τ edu to maximize the long run balanced growth
rate such that τ edu = τ ∗ (PS, edu) from period t = 1.
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Fig 5: Transition Dynamics: Growth and Ineqaulity

Growth and inequality from τ = 0 under income tax scheme at t0 and then from t1

τ = τ ∗(edu,PS,growth) under education finance scheme with PS subsidy.

The simulations presented above demonstrate rich transitional dynamics
even if we have a model of endogenous growth. Moreover, it illustrates a
potential conflict between the initial loss in growth which is, however, more
than offset by eventual gains that are permanent. Nonetheless, the simula-
tions show that the positive impact of lower inequality always dominates the
potentially negative impact from possibly temporary loss in growth to ensure
welfare and efficiency gains (not plotted) to be always positive in all periods.

6 Concluding Remarks

We provide both theoretical and empirical arguements to view a policy to
promote social cohesion as a substitute for a policy of progressive redistri-
bution as far as the objective is to mitigate the unequal access of a new
generation to education. We argue that through knowledge diffusion aris-
ing 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 educa-
tion for the next generation. Such inequality adversely affects the returns
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to education and hence the long-run, endogenous growth of the per capita
income, overall economic efficiency and welfare. However, social cohesion,
which facilitates social interactions and the consequent diffusion of knowl-
edge and its transmission across generations, mitigates such an inequality
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 framework of a dynamic general equilibrium model that
the optimal progressivity declines as social cohesion increases. Furthermore,
the optimal progressivity turns from positive to zero when the substitutabil-
ity of human capital exceeds a critical threshold, which decreases with the
productive value of skill, measured by the elasticity of human capital in the
production technology, and individual thriftiness, and it increases with the
individual’s utility valuation of leisure. Second, our numerical findings have
strong policy implications. Countries with low social cohesion can boost
their economic growth significantly with progressive redistribution under ed-
ucation finance. However, countries with high social cohesion may primarily
gain in terms of welfare and efficiency and not much in terms of long-run
growth from a redistributive policy, over and above any gains from mitigat-
ing inefficiency because of the knowledge externality with the appropriate
Pigouvian subsidy.
The numerical estimates of optimal progressivity may decrease if we allow

for physical capital and bequests. This conjecture follows from the insight
of Horioka (2009), which found that wealthier individuals leave smaller be-
quests. We leave the implications of this mechanism on the optimal progres-
sivity with social cohesion for future research.
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A Mathematical Appendix

Proof of Lemma 1: 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]} , (29)
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subject to (4), (5), and Benabou (2002, equations 3 and 4 on page 484). 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 (30)

+((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) . (31)

The first-order conditions of (30) with respect to lt and st give (17) and (18).
Similarly, as shown in Proposition 2, we can get (19) similar to (16) but with
τ = 0 and lR and sR being replaced by lδ and sδ. The derivation of Λ is
similar to (15) but with τ = 0.

Proof of Lemma 2: By the expression lR and sR in Benabou (2002,
equations 14, 16, 22, 24 on pages 487 and 490) and (25), we can write γsδh,inc (τ)
in terms of γsδh,edu (τ) as below:

γsδh,inc (τ) = γ
sδ
h,edu (τ) +

βμ

η
ln (1− τ) . (32)

Note that in the second term of the RHS of (32), βμ
η
ln (1− τ) < 0. This

means that γsδh,edu (τ) > γ
sδ
h,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, γ
sδ
h,edu (τ

∗
edu) > γ

sδ
h,edu (τ

∗
inc).

Therefore, γsδh,edu (τ
∗
edu) > γsδh,inc (τ

∗
inc). At the steady state, equation (34)

shows that γ = λγh. Thus, γ
sδ
edu (τ) > γ

sδ
inc (τ) and γ

sδ
edu (τ

∗
edu) > γ

sδ
inc (τ

∗
inc).

Differentiating (32) wrt τ gives

∂γsδh,inc (τ)

∂τ
=
∂γsδh,edu (τ)

∂τ
− βμ
η

1

1− τ . (33)

Note that in the second term of the RHS of (33), −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 5: By differentiating (27) and (28) 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: The expression of the break-even level of
income, ln ỹt, is identical to Benabou (2002, equation 28, page 491). Thus, by
(4) and (7), we obtain an expression (8) similar to Benabou (2002, equation
26, page 490), but with two differences. One is in the coefficient on mt,
A ≡ α + βλ + δ, and the last term, δωΔ2

t/2, due to the introduction of
externality given by (4). The expression of Δ2

t+1, (9), is the indentical to
Benabou (2002, equation 27, page 490). Since Δ2

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 distrib-
ution 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) , (34)

where γt ≡ ln yt+1− ln yt. Thus, by (10) we find the endogenous growth con-
dition as 1−α− δ = βλ. Moreover, at long run steady state, by Proposition
1, Λt+1 = Λt = Λ. Thus, we can get (12) and (16). The proof of Proposition
2 is completed.
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B Data Appendix

Data for Table 1 and 2 as well as data for the 5-year average AMTR 2006
— 2010 and 2011-2015 necessary for checking the robustness of the findings
reported in Table 1 and 2.
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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-coefficient 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.
For non-European countries we used the Gini coefficient 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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