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Introduction

In this thesis I study how inequalities emerge and persist. Inequality has risen within
the developed world over the past decades. However, I do not only focus on the in-
equality of outcomes but particularly on the inequality of opportunity. A large part
of income inequalities is the consequence of unequal educational outcomes in merito-
cratic societies. Therefore, it is important to understand at which educational stages
the gaps are widened and why access to education might differ for different segments
of the population. Many ethnicities and social groups are characterized by persistently
low socio-economic indicators compared to the rest of the population. Therefore, it is
also essential to ask whether education alone can account for inequalities or whether
discrimination might be an important explanatory factor as well.

In the first chapter, I investigate why high earnings inequality goes hand in hand
with low intergenerational earnings mobility across developed countries. I study this
relationship in a dynastic overlapping generations model, in which a parent can invest
in the early education of his child and decides whether to send the child to college. An
increase in the college premium translates into increased incentives to invest in early ed-
ucation because of assumed dynamic complementarities between early and tertiary ed-
ucation. It also increases the earnings gap between college and non-college attendants,
which results in larger differences in parents’ ability to finance education. Public educa-
tion could mitigate the relationship between inequality and intergenerational mobility.
However, public expenditure on education is negatively correlated with inequality. I
replicate this cross-country relationship by endogenizing education policies via proba-
bilistic voting, while accounting for biases in voter turnout towards the educated. The
model is calibrated to the US as the benchmark economy, which exhibits high inequality
and low mobility. Experiments comparing the US to other OECD countries demonstrate
that tertiary education characteristics can account for two-thirds of the differences in in-
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equality. Patterns of voter turnout across countries explain nearly one-quarter of the
differences in inequality and mobility. A counterfactual exercise for the US suggests
that compulsory voting could foster intergenerational mobility, whereas the effect on
pre-tax inequality is comparably low.

In the second chapter, I study why intergenerational earnings mobility is lower in
countries where females are less likely to work and public child-care expenditures are
lower. In contrast, when the quality of preschool/child care is high and mothers are
more likely work, then intergenerational mobility is high. If less females are working,
then more mothers are at home with their children providing a direct channel of trans-
mission of abilities. If both parents actually do work, they will have to either invest in
private preschool, which generally is costly and of higher quality, or, if the household
cannot afford to do so, arrange for informal child care, which is likely to be less costly
and of lower quality. In order to account for cross-country differences in earnings per-
sistence through differences in public preschool expenditures, a dynastic overlapping
generations model is calibrated to the US. I find that differences in public preschool
expenditures on average explain 17% of the differences in earnings persistence between
the US and 15 OECD countries and can explain 22% of the variation.

In the third chapter, joint with Rajesh Ramachandran, we present a model where
the collective memory of past discrimination can cause coordination failures leading
to present discrimination. The presented type of discrimination can arise for activities
characterized by interlinkages, which require the input of more than one individual for
the production process to be carried out. The model shows how discrimination can per-
sist forever under perfectly observable ability, when taste for discrimination has died
out, individual ability is ex-ante and ex-post identical, and in the absence of discrimi-
natory social norms. Agents without a preference for discrimination rationally discrim-
inate in equilibrium driven by the belief about discriminatory actions by others. The
model predicts lower participation rates and higher cost of establishing interlinkages for
the discriminated group in equilibrium. Empirically, we analyze differences between
blacks and whites in terms of self-employment in the United States, a market character-
ized by the need for interlinkages. We show, consistent with the theoretical prediction,
that the discriminated group has lower participation rates and payoffs in the data. We
find beliefs about discrimination to be a significant and economically meaningful factor
in explaining lower self-employment rates of blacks in the US.
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Chapter 1

The Political Economy of Early and
College Education - Can Voting Bend
the Great Gatsby Curve?

1.1 Introduction

Inequality is negatively linked to intergenerational mobility across countries.1 Recent
increases in income inequality across OECD countries highlight the importance of un-
derstanding the underlying causal mechanisms of the relationship between inequality
and mobility. Why is a country such as the US, which is characterized by an unequal
distribution of earnings, at the same time amongst the most rigid societies in the de-
veloped world? What causes these unequal outcomes and how are they transmitted to
future generations? Education is a strong determinant of earnings and its public pro-
vision can be of redistributive nature. According to traditional voting models the pro-
vision of public education, in particular non-tertiary education, should be increasing in
inequality. However, the share of GDP dedicated to non-tertiary as well as tertiary pub-
lic education is negatively associated with inequality across countries. This could occur
if the rich prefer private education and public policies are biased in their favor. Indeed

1The curve resulting from plotting this relationship is commonly referred to as the “The Great Gatsby
Curve” and is exhibited in Figure 1.1. The name is adopted from the novel “The Great Gatsby”, in which
the author F. Scott Fitzgerald challenges the “American Dream” by telling the story of Jay Gatsby, who
rises to the high society via shady business deals.

1



private education expenditures are found to be increasing in inequality across countries.
In this paper two potential channels, i.e. tertiary education characteristics and biased
voter turnout, are investigated. I quantify how much of the differences in inequality
and mobility between the US benchmark economy and other OECD countries, namely
Canada, Denmark, Finland, Germany, Norway, Sweden, and the UK, these channels
can explain.

The dynamic stochastic general equilibrium model adopts a structure resembling
that of Restuccia and Urrutia (2004). Parents invest in early private education of their
offspring, which is a substitute to public education, in order to enhance the imperfectly
inherited ability. Subsequently, they decide whether or not to send their child to col-
lege, where the probability of dropping out of college is decreasing in ability. In each
period households vote on two separate proportional tax rates. Thus, early public edu-
cation and the college subsidy, which is decreasing in parental earnings, are determined
endogenously. The model is characterized by the dynamic complementarity between
early and late investment (e.g., Cunha, Heckman, Lochner, and Materov 2006, Cunha
and Heckman 2008, Caucutt and Lochner 2012), while incorporating the discrete nature
of the college investment as in Galor and Zeira (1993).

Tertiary education characteristics in terms of the college premium, tuition, and com-
pletion and enrollment rates vary across countries. In particular, the college premium is
highly correlated with inequality and intergenerational earnings persistence. By com-
paring steady states, I find that differences in tertiary education can explain up to 65%
of the gaps in the Gini coefficient and 21% of the gaps in intergenerational earnings
persistence. High returns to education create an incentive to invest in your child, while
richer parents have more funds available to invest than the less well off. The combina-
tion of these two effects contributes to the positive cross-country relationship between
inequality and intergenerational earnings persistence. High tuition costs magnified by a
considerable probability of dropping out make college a costly lottery, relatively more
affordable for wealthier households. If the probability of dropping out is decreasing in
skills and dynamic complementarities exist between early and college education, then
parents have greater incentives to invest in their children’s education. Given that parents
earn less when they are younger and cannot borrow against the future of their children,
large incentives for private investment combined with imperfect credit markets increase
the gap between the education received by rich and poor children at the early stage, and
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consequently at the college level as well.
Rich parents are likely to prefer private early education, given that a large share of

public education expenditures would have to be financed out of their pockets. Rela-
tively high voter turnout among the educated, as in the US, might bias policies in their
favor. In contrast, relatively high voter turnout among the less educated could increase
public expenditures on early education due to its redistributive nature. In the model
economy public education expenditures are endogenous and households vote via prob-
abilistic voting. This allows me to exploit the skewness of voter turnout by age and
level of education across countries to explain variations in education expenditures and
the effects on inequality and mobility. The weights of individuals in the voting process
are assigned according to voter turnout by age group and level of education using the
voting supplement of the Current Population Survey (CPS) of 2006 for the US, and the
European Social Survey 2010 (ESS) and the Canadian Election Study of 2008 for the
experiments. I find that observed patterns of public and private education expenditures,
inequality, and intergenerational mobility can be reconciled by voter turnout. On aver-
age 23% of differences in intergenerational mobility and 21% of differences in the Gini
index compared to the US can be explained by voter turnout. As a robustness check,
I repeat the analysis while weighing voters by the fraction of party members per age
group and education level. The data is obtained from the World Values Survey 1981-
2007 (WVS) and the results exhibit similar patterns. This indicates that the political
participation of a society, whether through voting or through party membership, shapes
public policy, and thereby influences inequality and intergenerational mobility.

Given that the patterns of voter turnout perform well at explaining cross-country
differences, two possible voting policies in the US are considered. First, I enforce com-
pulsory voting. Chong and Olivera (2008) provide empirical evidence that this has
an equalizing effect on the income distribution across countries, while Fowler (2013)
shows that the introduction of compulsory voting in Australia increased public pension
expenditures. Second, I allow parents to vote for their children. This policy has recently
received attention in the public debate and was first discussed by Demeny (1986) in
order to counter decreasing fertility rates. I find that intergenerational earnings persis-
tence is reduced by 10% under compulsory voting, whereas the extension of electoral
franchise to children as of birth by letting their parents vote for them nearly halves earn-
ings persistence. However, the equalizing effect of these policies on pre-tax earnings is
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comparably low.
By including the political economy of education expenditures, the model demon-

strates how policies and outcomes across countries might react differently to an exoge-
nous change in the college premium. Simulations with an exogenous increase in the
college premium in the US indicate that earnings persistence could decrease substan-
tially. More children from the bottom of the earnings distribution enroll in college,
hence increasing public support for financial aid. Increased enrollment raises aggregate
returns to early education, which raises the share of earnings taxed to finance early ed-
ucation, further augmenting intergenerational mobility.

The paper can be summarized in terms of the five principle findings, of which two
explain cross-country differences and three deal specifically with the US. First, the char-
acteristics of tertiary education in terms of the college premium, tuition costs, and com-
pletion probability, can explain a large share of differences to the US in inequality and
to a lesser extent intergenerational mobility. Second, the skewness of voter turnout in
terms of age and education can account for a considerable part of the gaps in inter-
generational earnings persistence. Third, a further rise in the college premium in the
US could increase intergenerational mobility despite pronounced earnings inequality,
which is in contrast to the outcome when the political economy is ignored and house-
holds are not allowed to vote. Fourth, policies of compulsory voting or extending the
electoral franchise to children as of birth could foster intergenerational mobility. Fifth,
in line with recent research (e.g., Belley and Lochner 2007, Bohacek and Capicka 2012,
Winter 2013) nearly one in four individuals is found to be financially constrained in the
college decision.

Becker and Tomes (1979, 1986) and Loury (1981) pioneered the microfoundation
of the three fundamental institutions in the determination of a child’s future: the family,
the labor market, and the state. Their approach is extended and formalized by Solon
(2004). Galor and Zeira (1993) present on the macroeconomic level how credit market
imperfections and indivisibilities in human capital investments can transmit distribu-
tions of wealth. Glomm and Ravikumar (1992), Durlauf (1996), Bénabou (1996), and
Fernandez and Rogerson (1998) demonstrate how locally provided public education
affects growth, intergenerational income transmission, and inequality when households
are sorted geographically by income. Abstracting from different stages of education and
heterogenous innate ability among individuals, Fernandez and Rogerson (1995) show
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that richer individuals can be those capturing higher education subsidies, thereby mak-
ing the transmission of unequal distributions more likely.

The paper is most closely related to Restuccia and Urrutia (2004), Herrington (2014),
and Holter (2014), who use dynastic overlapping generations models to quantitatively
study intergenerational mobility. Assuming exogenous taxation and education policies,
Restuccia and Urrutia (2004) find that to reduce intergenerational persistence an in-
crease in early education expenditures would be more efficient than increasing college
subsidies. Herrington (2014) accounts for a share of the gap in inequality and intergener-
ational persistence between Norway and the US through variations in the distribution of
public spending and revenue sources. Holter (2014) exploits cross-country differences
in the progressivity of income taxation to explain part of the gap in intergenerational
mobility between the US and Denmark. However, in his partial equilibrium setting, as
well as in Restuccia and Urrutia (2004) and Herrington (2014), the shape and level of
the taxation function are taken to be exogenously given. This inevitably leads to the
question of the political economy of education expenditures at the different stages of
human capital formation. Ichino, Karabarbounis, and Moretti (2010) use a microeco-
nomic approach to the political economy of the underlying structure of intergenerational
income mobility considering only a single stage of education. Chetty, Hendren, Kline,
and Saez (2013) corroborate the importance of the effect of tax expenditures on mobil-
ity. Using administrative tax records, they find that schools with higher expenditures
per student have higher rates of upward mobility and that tax policies remain correlated
with mobility even after controlling for other important factors, such as local social cap-
ital and family structure.

There is a growing political science literature investigating individual preferences
for expenditures on public education. Most empirical studies are limited to general
preferences on education expenditures expressed in surveys, not allowing for a distinc-
tion between early and college education. One finding is that these preferences are not
only driven by income, but are increasing in the level of education (Busemeyer 2012,
Horn 2012). This occurs in my model as well, however the causality is not driven by the
education of an individual. Education serves as a proxy for ability, which is positively
correlated with the ability of the child. Now since returns to education are assumed to
be increasing in ability, holding earnings fixed, a more educated individual on average
has a greater demand for public education. Busemeyer (2012) also finds that those still
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enjoying the benefits of education, as well as people with children are more likely to
support public education. These findings align well with the voting mechanism speci-
fied in the model, where individuals’ preferences on public education are driven by their
own payoff and altruism for their children, and not by altruistic motives for the society
as a whole. Ansell (2010) models preferences for tertiary education expenditures in
the setting of a class conflict where coalitions are formed. When enrollment rates are
low, access is restricted to the elite, and consequently the poor and the middle class do
not support public expenditures. With increasing enrollment more individuals from the
lower end of the income distribution enter tertiary education, thereby expanding support
and consequently public subsidization. Similar dynamics emerge from the probabilistic
voting process embedded in my model.2 Wolf (2009) does not focus on individual pref-
erences, but explains the cross-country ratios of public to private expenditures through
union density, federalism, the share of protestant population, and the given composition
of the cabinet, thereby arguing in terms of value-related and ideology-based factors.

The remainder of the paper is organized as follows: In Section 2.2 the stylized facts
of earnings inequality, intergenerational earnings persistence, and education expendi-
tures are presented. The model is explained in Section 3.2 with the equilibrium defini-
tion following in Section 2.4. The parameterization is described in Section 1.5, whereas
the benchmark results and policy experiments for the US are presented in Section 2.5.3.
In Section 2.6 experiments explain differences between the US benchmark economy
and other OECD countries. The robustness of these results is analyzed in Section 1.8.
Finally, Section 1.9 concludes and outlines questions for future research.

1.2 Inequality and intergenerational earnings persistence

Intergenerational mobility is generally measured by regressing the log of son’s earnings
on the log of father’s earnings to quantify earnings elasticities across generations, which
captures the percentage change in a son’s adult earning that is associated with a one per-
centage point increase in paternal earnings. Reliable estimates are difficult to obtain
due to the requirement of data on earnings of both generations and are complicated by

2Ansell (2010) goes further by showing how leftist parties support for expenditures on higher edu-
cation shift with the enrollment rates. Since in my model there are no left or right parties the details of
partisan behavior escape my analysis of the political economy.
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lifecycle and macroeconomic fluctuations. The empirical estimation was pioneered by
Solon (1992) and Zimmerman (1992) finding an earnings persistence of 0.4 in the US.3

Wage inequality, as captured by the Gini coefficient of household earnings before
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Figure 1.1: Gini before taxes versus intergenerational earnings persistence

taxes and transfers of the population aged 18-65 by the OECD (2011b), is highly corre-
lated with the intergenerational persistence of earnings summarized by Corak (2012), as

3Concerning estimates of intergenerational mobility see Blanden, Gregg, and Macmillan (2007) for
the UK, Björklund and Jäntti (1997) for a comparison of the US and Sweden, and Solon (2002) or Corak
(2012) for a survey of cross-country estimates. Black and Devereux (2011) provide an excellent overview
of recent findings. A range of empirical papers has investigated the relationship between inter- and
intragenerational inequality. Cooper (1998) finds empirically that in poor neighborhoods redistributive
expenditures on human capital have a significant effect in reducing the persistence of economic status
across generations, thereby hinting towards a causal relationship. Andrews and Leigh (2009) similarly
find that sons that grew up in more unequal states during the 1970s experienced less social mobility by
the late 1990s. Aaronson and Mazumder (2008) present how the “snapshot” and the “moving-picture”
measure of inequality move parallel between 1940 and 2000 in the US. Duncan, Khalil, and Ziol-Guest
(2013), controlling for family structure and characteristics, find that between two-thirds and three-quarters
of the increase in schooling gaps between low and high income children of cohorts born in the 50’s and
80’s in the US can be accounted for by increases in income inequality. In contrast, Bloome (2013) finds
little evidence for an effect of inequality during childhood on intergenerational mobility across US states.
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exhibited in Figure 1.1.4 The positive slope of the “Great Gatsby Curve” indicates that
a higher level of inequality is positively associated with a greater transmission of eco-
nomic status across time in the past. Even if inequality can be justified as an outcome
of differential efforts, this strong positive relationship raises the question of whether in-
equality also negatively affects the equality of opportunities.

In the top panels of Figure 1.2 one can see the high correlation between the Gini

Australia

Austria

Belgium

Canada

Chile

France

Germany

Israel

Italy

Luxembourg

Mexico

New Zealand
Poland

Portugal

Spain

UK

US

0
.0

5
.1

.1
5

.2
.2

5
H

H
 s

h
a
re

 n
o
n
−

te
rt

ia
ry

 e
d
u
c
. 
e
x
p
.

.4 .45 .5 .55
Gini before taxes

Correlation: .67

Australia

Austria

Belgium

Canada

Chile

France

Germany

Israel
Italy

Mexico

New Zealand
Poland

Portugal
Spain

UK
US

0
.2

.4
.6

H
H

 s
h
a
re

 t
e
rt

ia
ry

 e
d
u
c
. 
e
x
p
.

.4 .45 .5 .55
Gini before taxes

Correlation: .82

Argentina

Australia

Canada

Denmark

France

Germany

Italy

New Zealand

Spain

Sweden

UK
US

.1
.2

.3
.4

.5
In

te
rg

e
n
e
ra

ti
o
n
a
l 
e
a
rn

in
g
s
 p

e
rs

is
te

n
c
e

0 .05 .1 .15
Household share of non−tertiary education expenditures

Correlation: .4

Argentina

Australia

Canada

Chile

Denmark

France

Germany

Italy

Japan

New Zealand

Norway

Spain

Sweden

UK
US

.1
.2

.3
.4

.5
.6

In
te

rg
e
n
e
ra

ti
o
n
a
l 
e
a
rn

in
g
s
 p

e
rs

is
te

n
c
e

0 .2 .4 .6
Household share of tertiary education expenditures

Correlation: .58

Datasources: OECD (2011a, 2011b), Corak (2012)

Figure 1.2: Non-tertiary (left) and tertiary (right) education expenditures financed by
households versus pre-tax Gini (top) and intergenerational earnings persistence (bottom)

coefficient of earnings before taxes and the share of total education expenditures fi-
nanced privately by households of non-tertiary and tertiary education, respectively.5 As

4The fitted line and the correlation coefficient are computed excluding the outliers Chile and Switzer-
land.

5I use the expression “non-tertiary” or “early” to summarize primary and secondary education. Given
the evidence of the early formation of cognitive and non-cognitive skills (e.g., Cunha et al. 2006, Heck-
man 2010) the consideration of pre-primary education is surely an important factor in the examined
dynamics and outcomes from which I abstract. Peer and neighborhood effects, as well as health, are other
channels worth mentioning, through which parental income could affect learning aptitude of children, but
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exhibited in the bottom panels of Figure 1.2, the shares of total education expenditures
financed privately by households are highly positively correlated with the intergenera-
tional transmission of earnings.

Assuming public early education to be of redistributive nature, according to tradi-
tional voting models one would expect public education expenditures to be increasing
in inequality. As can be seen in Figure 1.3 the opposite is the case in the data, whereas
private education expenditures are indeed found to be positively related to inequality.
Under the assumption that the rich prefer private education, this could be driven by a
bias in voter turnout, as exhibited for a small sample of countries in Figure 1.10 in the
Appendix. The share of GDP dedicated to public education is decreasing in the relative
turnout of college graduates compared to those with no college education.

On the one hand, the provision of public education affects how much education can
be guaranteed to each individual. On the other hand, high returns to education increase
the incentives parents have to invest in education. Therefore, assuming credit market
imperfections high returns to education can drive a wedge between the education that
poor and rich children achieve. An increase in the college premium raises the returns
to investment directly at the college level, and assuming dynamic complementarities
between early and college education also raises the returns to investment in early edu-
cation. As can be seen in Figure 1.4, the college premium, here defined as the relative
earnings of college graduates compared to upper secondary education of the population
aged 25-64 (OECD 2013), is positively associated with the Gini as well as with intergen-
erational earnings persistence. Therefore, now we have two possible explanations for
cross-country differences in inequality and intergenerational mobility consistent with
the data patterns. First, a technological explanation in terms of the college premium.6

Second, a political explanation in terms of the bias in voter turnout. In the following, a
model will be specified, which allows for the quantification of the contribution of these
two channels to cross-country differences in inequality and mobility.

are not included in the model. Also parental connections, though not an influence on cognitive abilities,
could possibly be of high importance to the intergenerational linkage of earnings. Corak and Piraino
(2011) find that about 40% of young Canadian men have worked for an employer that employed their
father at some point in time, while 6-9% have the same employer in adulthood. The percentage is found
to increase with paternal earnings, especially at the top.

6The college premium has mainly been linked to technological developments. See references in Sec-
tion 1.6.2.1.
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Figure 1.3: Gini before taxes versus public (top) and household (bottom) expenditure
(% of GDP) dedicated to non-tertiary (left) and tertiary (right) education.
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Figure 1.4: College premium versus Gini (left) and intergenerational earnings persis-
tence (right)
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1.3 The model

The overlapping generations model resembles the one presented by Restuccia and Urru-
tia (2004). A household exists for two periods and is composed of either a young parent
and a young child, or an old parent and an old child, which I will refer to as young
and old households, respectively. In a subsequent period old parents die, whereas the
old children become young parents and form households of their own. Consequently,
everybody lives for four periods, but only makes decisions during the last two periods
of the lifecycle. Population growth is zero and all parents have the same number of chil-
dren.7 Parents take education decisions for their children. Households are heterogenous
in their levels of innate ability of the offspring and human capital of the parents.

Lifetime utility is composed of consumption as a young household cy, consump-
tion as an old household co, and “warm glow” for the level of human capital of their
child hc. The assumption that parents derive utility from ensuring that their children are
equipped with an adequate level of human capital is common in the literature (Glomm
and Ravikumar 1992, Galor and Zeira 1993, Bénabou 2000). The utility function for
consumption u(c) is increasing and concave, while altruistic utility gained from human
capital of the child v(hc) is nondecreasing. Labor is provided inelastically, where human
capital is remunerated by competitive firms at a wage rate w.

1.3.1 Ability and human capital

Innate ability is assumed to be correlated with parental innate ability, which is not altered
over the lifecycle and can be interpreted as the genetic component. Acquired ability
â is a function of innate ability and public and private education investments when
young, which later will affect the probability of college completion and wages. When
the child is old, acquired ability â transforms into human capital hc. Once he becomes
a parent, human capital evolves exogenously, while capturing the lifecycle earnings
profile. When becoming a young parent human capital experiences a shock and converts
to hy, whereas for the old parent human capital is denoted by ho.

7While De la Croix and Doepke (2004) demonstrate theoretically how differential fertility rates might
play a considerable role in the distribution of human capital investments and preferences for public edu-
cation among families, Björklund et al. (2004) find no differences in intergenerational mobility by family
size in Norwegian data.
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Innate ability a, when passed from one generation to the next, follows a first-order
discrete Markov process with mean normalized to one, and transition matrix Ψ, while
restricting the vector of states for a and the elements in the transition matrix such that
the process is a discrete approximation of a continuous AR(1) process:

ln(a′) = ρln(a)+ ε where ε ∼ N(0,σ2
a ). (1.1)

Innate ability a is transformed into acquired ability â via public education g and private
early education e according to the function f (a,e,g) when the offspring is young. The
function f (a,e,g) is assumed to be positive, strictly increasing, and concave in all its ar-
guments. Public and private education are assumed to be perfect substitutes. Following
the literature on early skill formation, acquired ability â is increasing in innate ability a.
Also the return to investment in education is increasing in innate ability, such that ∂ 2 f

∂a∂e ,
∂ 2 f

∂a∂g > 0, as skill has been found to beget skill (Cunha et al. 2006, Cunha and Heckman
2008).

The functional form chosen is close to the Ben-Porath (1967) specification and as-
sumed to be given by

â = f (a,e,g) = χa1−γ(g+ e)γ . (1.2)

The efficiency of private and public investment increases in parameter γ , which is also
responsible for the relative importance of innate ability versus investment. Parameter χ

is the efficiency parameter regulating the level effect of human capital creation.
Everybody enjoys public education, while choosing the level of private education

to supplement it. This sort of structure is not limited to the growing number of charter
schools, as investments in early private education can be imagined as anything from pi-
ano lessons to out of school tutoring. Data for the US reveals that the gap in “enrichment
expenditures” between poor and rich parents has become greater over time (Duncan
and Murnane 2011, Kornrich and Furstenberg 2013). Also, in the United States a large
share of non-tertiary education is financed locally through property taxes or other local
sources. Households are assumed to be able to choose the level of investment by moving
into a neighborhood which provides the preferred level of investment and is priced ac-
cordingly due to housing prices differentials (Epple and Romano 1996, Fernandez and
Rogerson 1997). Hoxby (1998) and Herrington (2014) show a positive relation between
per-pupil spending and income.
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Old parents decide on whether or not to send their offspring to college s ∈ {0,1}. If
they do not go to college the offspring works for the entire period, whereas if they do
go they spend share n of the period in college if they drop out, and share n̄ in case they
graduate, while working the rest of the period. The earnings of the offspring are shared
with the parents at the household level. If the child goes to college, he completes col-
lege with probability π(â), consequently dropping out with probability (1−π(â)). The
probability π of completing college is increasing in acquired ability (Light and Strayer
2000, Chatterjee and Ionescu 2010) and is assumed to take the functional form

π(â) = min{1,ψ0(1+ â)ψ1}, (1.3)

where ψ0 > 0 and ψ1 > 0. The parameter ψ0 is responsible for the level effect of
acquired ability on the probability of college completion, while the convexity of the
function is increasing in ψ1. College education comes at a tuition cost T per period.
The government subsidizes a share decreasing in parental earnings. The share q of
tuition cost T covered by the government is linearly decreasing in parental earnings and
is given by

q(ho) = max{0,1−κwho}. (1.4)

The share covered by the college subsidy is bound from below by 0, such that no house-
hold has to pay an additional fee, and from above by 1, assuring that no household
receives a subsidy beyond compensation of the actual cost of attending college. If the
offspring completes college, its acquired ability is multiplied by θ̄ , while if it drops out
only by θ (where θ̄ > θ ). Therefore, acquired ability is mapped into human capital of
the old child hc via the functional form

hc =


â if does not attend college

θ̄ â if completes college

θ â if drops out of college,

(1.5)

where the college completion probability is given by (2.5). This functional form satis-
fies the dynamic complementarity between early and late investments in human capital
discussed by Cunha et al. (2006) and Cunha and Heckman (2008). Despite recent
discussions about the importance of the increased uptake of student loans (Belley and
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Lochner 2007, Lochner and Monge-Naranjo 2012, Abbott, Gallipoli, Meghir, and Vi-
olante 2013), I do not allow households to borrow and abstract from physical capital
accumulation.8

In the transition from old offspring to young parents two things occur. Firstly, in-
dividuals can experience a shock ζy commonly referred to as market luck. The shock
accounts for the fact that earnings dispersion within a cohort increases over the lifecy-
cle (Huggett, Ventura, and Yaron 2006) and for the finding by Huggett, Ventura, and
Yaron (2011) that only 61% of the variance in lifetime earnings can be attributed to pre-
working conditions. The shock is multiplicative and takes either value ζy ∈ {−ζ ,0,ζ}
with equal probability 1/3. This shock creates no aggregate uncertainty and is perma-
nent. Secondly, their human capital increases exogenously by the lifecycle component
η0 > 1, such that

hy = η0(1+ζy)hc. (1.6)

Young parents are equipped with human capital hy and choose how much to invest in
private early education e. Old parents have human capital ho, which is given by

ho = η1hy, (1.7)

where η1 > 1 represents the increase in the earnings profile through experience later in
the lifecycle. Earnings are determined by human capital and the competitive wage w,
the rate of return to human capital in the market.

1.3.2 Households

Households take tax rates for financing of early (τp) and college (τq) education, as well
as public expenditures on early education (g) and the college education subsidy (q) in t

and t + 1 as given when maximizing discounted lifetime utility. The discount factor is
β < 1. The utility of consumption is assumed to take the functional form

u(c) =
c1−σ

1−σ
(1.8)

8According to a Sallie Mae-Ipsos Report in 2013 student loans pay for only 18% of costs of college
attendants.
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while the utility derived from leaving the child with human capital hc is

v(hc) = φhξ
c , (1.9)

where φ > 0 and ξ > 0.

The state variables of the old household are (ho, â). Let λ be equal to one if the child
completes college and zero if he drops out. Given the wage rate w then the problem of
the old parent household can be written as

Vo(ho, â) = max
s∈{0,1}

{V s0
o (ho, â),Eλ [V

s1
o (ho, â,λ )]}, (1.10)

where V s0
o (ho, â) is the value function of not sending the child to college, whereas

V s1
o (ho, â,λ ) is the value of sending the child to college, and hence depends on the col-

lege completion probability given by (2.5). The value of not sending a child to college
is given by

V s0
o (ho, â) = max

co≥0
{ c1−σ

o
1−σ

+φhξ
c } (1.11)

subject to
co = (1− τp− τq)(who +whc) (1.12)

and
hc = â. (1.13)

The expected value of sending a child to college conditional on college completion λ is
given by

EλV s1
o (ho, â,λ ) = π(â)V s1

o (ho, â,1)+(1−π(â))V s1
o (ho, â,0), (1.14)

where

V s1
o (ho, â,λ ) = max

co≥0
{ c1−σ

o
1−σ

+φhξ
c } (1.15)
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subject to

co +(1−q(ho))(λ n̄+(1−λ )n)T = (1− τp− τq)(who +(1− (λ n̄+(1−λ )n))whc)

(1.16)

hc = (λ θ̄ +(1−λ )θ)â, (1.17)

where the probability π(â) of completing college is given by (2.5) and the college sub-
sidy q(ho) by (1.4). Let b be the level of education obtained by a parent. This can either
be high school, college dropout, or college graduate. Let the distribution of old parent
households be summarized by µ(xo), where xo = (ho, â,a,b), and let s(xo) and co(xo)

be the solution to (1.10), and therefore the policy functions of the college decision and
consumption of the old household, respectively.

The state variables of the young household are (hy,a). The problem of the young
household is given by

Vy(hy,a) = max
e,cy≥0

{
c1−σ

y

1−σ
+βVo(h′o, â

′)} (1.18)

subject to
cy + e = (1− τp− τq)why (1.19)

â′ = χa1−γ(g+ e)γ (1.20)

h′o = η1hy. (1.21)

Let xy = (hy,a,b) and let cy(xy) be the policy functions of consumption associated
with the young, and e(xy) the policy function determining early private education. The
distribution of young parent households is described by µy(xy). The total mass of house-
holds is assumed to be constant and of mass unity each, young parents and old parents
households. Therefore, the total mass of individuals is four (since each household con-
tains one parent and one child).
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1.3.3 Firms

A representative firm produces a single good and has a linear constant return to scale
production technology producing aggregate good Y using aggregate human capital H as
an input

Y = F(H) = AH. (1.22)

Therefore, the firms problem can be written as

max
H
{F(H)−wH}. (1.23)

1.3.4 Government

The government levies two proportional tax rates, while running a balanced budget for
early and late education separately. First, tax τp which is used to finance public early
education g. Second, tax τq which covers part of tuition cost T for those going to
college. Therefore, government expenditures g on early education are given by

g = τpY. (1.24)

The college subsidy depends not only on tax τq and total production in the economy, but
also on the composition of college students. More specifically, it depends on how many
students attend college, how long they attend, and what the earnings of their parents are.
The government budget for tertiary education can be summarized by

T
∫

s(xo)q(ho)n(â) dµo(xo) = τqY, (1.25)

where q(ho) is given by (1.4), n(â) = π(â)n̄+(1−π(â))n is the time spent in college,
and π(â) is given by (2.5).

An increase in tax rate τq, ceteris paribus, leads to a reduction in κ , which for a
household sending its offspring to college increases subsidy rate q, given their earnings
are not too high and satisfy who <

1
κ

.
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1.3.5 Political economy

The two proportional tax rates are determined jointly through probabilistic voting, which
allows for a weighted average of preferences across households instead of only relying
on the median voter.9 Due to the two-dimensional problem preferences are unlikely to
be single-peaked, not allowing for the identification of the median voter.

In probabilistic voting parties commit to policies before elections take place. The
policy platform is chosen by opportunistic candidates, which only care about being
elected. It is assumed that parties differ along an ideological dimension observable to
the voter. Candidates know the ideological preference distribution of the voters, where-
fore chosen policies are directed towards those voters that are less driven by the ideo-
logical component. Candidates have an average popularity common to all voters, which
is a random variable and could be subject to a shock, such as a scandal the day before
elections take place. Since the policy platform is chosen when the outcome is uncertain,
parties maximize the expected share of votes, and thereby the probability of winning
the election. There exists a unique political equilibrium in which both parties propose
the same policy by maximizing a weighted social welfare function, where weights are
determined by how responsive voters are to policies, which might vary due to the ideo-
logical component (see Lindbeck and Weibull 1987, Persson and Tabellini 2000). I use
voter turnout by age and level of education as weights in the voting process, as candi-
dates might be best of catering to the segment of population actually voting.

The decision of the young parent household does not only depend on tax rates in t,
but also on tax rates in t + 1 (denoted by a prime), which will be decided upon in the
following period. Therefore, the current policy choices (τp,τq) depend on anticipated
future policy choices (τ̃ ′p, τ̃

′
q) for two reasons. Firstly, the tax rates are important for

them, as given returns to wages, the tax rates will determine disposable income. Sec-
ondly, τ ′q will determine q′, which for parents wanting to send their children to college
could be of importance. Current policy choices and the current distributions of house-
holds are mapped via G into the distributions of households in the subsequent period,

9Voters only decide on proportional tax rates, not on the actual shape of the tax function. Holter (2014)
and Herrington (2014) find that the progressivity of the tax schedule plays an important role. Addition-
ally, Herrington finds that public expenditures on early education are not always uniformly distributed
across households as in my model, which could be an outcome of the political economy, as well. Due to
computational complexity I abstract from these characteristics.
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such that
(µ ′y(x

′
y),µ

′
o(x
′
o)) = G(τp,τq,µy(xy),µo(xo)). (1.26)

It is assumed that when voting on the preferred policy in t, they take the anticipated
value of t + 1 to be the same as in t and ignore the impact their choice will have on
the future policy choice. Since agents are atomistic this is a plausible assumption as
they do not influence the outcome by themselves. In the steady state equilibrium agents
will have rational expectations. Agents take correctly into account, how current policy
choices affect aggregate decisions and, hence, consider how g and the function q(ho)

react.
The welfare function W is composed of the weighted (remaining) lifetime utility of

the young and old households and is maximized over the set of tax rates S. Assigning
ωy as the weight of the young and ωo as the weight of the old household in the voting
process, which depend on the level of education b, the problem is

Z(µy(xy),µo(xo)) = argmax
τp,τq∈S

W (1.27)

W =
∫

ωy(b)Vy(xy)dµy(xy)+
∫

ωo(b)Vo(xo)dµo(xo). (1.28)

where S =
{
(τp,τq) ∈ [0,1]2|0≤ τp + τq ≤ 1

}
. Since W is strictly concave in τ =

(τp,τq) ∈ S the solution is unique.

1.3.6 Timing

1. Ability a of the offspring and earnings shock ζy are realized.

2. Voting on the contemporaneous tax rates takes place. Agents have expectations
of future policies and do not vote strategically. When voting on preferred policy
in t voters assume their choice will be in effect in t+1 and ignore the impact their
choice will have on the future policy choice. Voters anticipate how their decision
will affect economic decisions.

3. The investment in public early education and the college subsidy determine in-
vestment decisions of young and old parents.
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1.4 Equilibrium

Let total consumption of young and old parent households be Cy =
∫

cy(xy) dµy(xy) and
Co =

∫
co(xo) dµo(xo).

DEFINITION 1. Given prices, policies, and tax rates, Vy solves the functional equa-

tions (1.18) satisfying (1.19), (1.20), and (1.21), while Vo solves (1.10) satisfying (1.11),
(1.12), (1.14), (1.15), and (1.16), with cy(xy), co(xo), s(xo), and e(xy) as associated

policy functions.

1. Price w satisfies

w = A (1.29)

2. Goods market clearing:

Y = AH (1.30)

Y =Cy +Co +E +F +g (1.31)

E =
∫

e(xy) dµy(xy) (1.32)

F = T
∫

s(xo)(π(â)n̄+(1−π(â))n) dµo(xo) (1.33)

3. Labor market clearing:

H =
∫

hydµy(xy)+
∫

hodµo(xo)+
∫
((1− s(xo))+ s(xo)(π(â)(1− n̄)θ̄+

+(1−π(â))(1−n)θ)â dµo(xo)

(1.34)

4. The government balances budgets (1.24) and (1.25), which determines g and q.

5. The laws of motion Φ which map from state xy = (hy,a,b) of the young to state

x′o =(h′o, â
′,a′,b′) of the old in the following period, such that µ ′o(x

′
o)=Φ(µy(xy)),

are given by (1.2) and (1.7). The laws of motion Ω which map from state xo =
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(ho, â,a,b) of the old to state x′y = (h′y,a
′) of the young in the following period,

µ ′y(x
′
y) = Ω(µo(xo)), are given by (1.1), (1.5), and (1.6).

6. The tax rates (τp,τq) to finance public education expenditures on early education

g and the individual college subsidy q, respectively, are given by (1.27).

A stationary equilibrium is a competitive equilibrium in which policy functions, as well

as subsidies and tax rates, are constant. It is a fixed point in the mapping (1.26), such

that the expected tax rates τ̃p and τ̃p are equal to the solution for τp and τp, respectively,

which are the solution to (1.27). Also the distributions µy(xy) = µ ′y(x
′
y) and µo(xo) =

µ ′o(x
′
o) are stationary, hence the distributions can be summarized by µ(x).

1.5 Model parameterization

In order to analyze the US economy and conduct cross-country experiments the model
is calibrated to the US benchmark economy by matching facts on inequality, mobility,
and public and private education expenditures. The model is governed by 21 parame-
ters summarized in Table 2.1. Eight parameters are chosen from a priori information or
are standard in the literature, while the remaining are determined in the calibration by
minimizing the squared distance between model output and 13 data moments. Of the
targeted data moments two relate to public expenditures on education, two to private
expenditures on education, three to college statistics, and six relate to the distribution of
earnings.

1.5.1 Independently chosen parameters

One period in the model is equivalent to 16 years. The discount rate is standard at 0.96
per year, which results in β being set to 0.52. I choose a standard value in the consump-
tion literature of 1.5 for the intertemporal preference parameter σ . The firm productiv-
ity parameter A, and hence the return per unit of human capital, is normalized to unity.
College completion requires four years of attendance, which given a period length of 16
years translates into n̄ = 0.25. Supported by evidence of Stinebrickner and Stinebrick-
ner (2007) dropping out occurs after two years of college attendance (n = 0.125). The
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increases in earnings through the lifecycle are determined by the earnings ratio of work-
ing males in the given age groups. For η0 I take the ratio between those aged 33 and
48 to those between 22 and 32, whereas for η1 I take the ratio of males aged between
49 and 64 to those between 33 and 48. Using the IPUMS data of 2011, the increases of
earnings over the lifecycle are determined to be η0 = 1.8 and η1 = 1.1.

1.5.1.1 Voting

Participation in the elections of the president and of congress is highly correlated with
the level of education in the US. Since it is more likely for the higher educated to vote,
politicians might be better off catering to their interests. In frameworks based on the
median voter theorem, this has been incorporated in models by Bénabou (2000) and
Ichino et al. (2010) to account for the fact that the decisive voter might not actually be
the median voter. Recent research points out the effects of skewed voter turnout and
a bias in responsiveness towards policy preferences of the affluent (e.g., Gilens 2012,
Schlozman, Verba, and Brady 2012, Bonica, McCarty, Poole, and Rosenthal 2013).
Additionally, the older an individual, the more likely he is to cast his vote. To account
for these potential biases, I use the 2006 voting supplement of the CPS to compute
the share of eligible individuals by education and age group that casted their vote in
the 2006 election of congress. The patterns of voter turnout by age and education are
fairly constant across the three elections of congress and the three presidential elections
of the years available in the CPS data (1996-2006), as can be seen in Table 1.7 in the
Appendix. The political science literature has established a cross-country relationship
between inequality and voter turnout (e.g., Ljiphart 1997), but to my knowledge there
is no empirical evidence of this relationship holding or being causal within a country.
Given that additionally no theoretical model is able to explain patterns of voter turnout
consistently, we can take participation as exogenous.10

The voting weight for the old parent household ωo is composed of the sum of the
weight assigned to the parents as well as to the offspring. This accounts for the fact that
they are on the verge of completing the age of eligibility to vote at the beginning of the
period. Since the old offspring has not taken all educational decisions yet, individuals

10For more on this discussion see Section 1.7.1.
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in this age group are only weighted by their age-specific weight, while disregarding ed-
ucation to have an exogenous voting weight. Otherwise, tax rates could alter decisions,
and thereby the voting weights of the old offspring. The weights assigned to each age
and education level are displayed in Table 1.1.
Voting preferences are determined at the household level because all decisions in the

Table 1.1: Voting weights
Age High school or less Some college College
18 - 32 .27 .27 .27
33 - 48 .32 .48 .64
49 - 64 .47 .63 .77
Datasource: CPS November voting supplement 2006

model are determined at the household level. Additionally, Niemi and Jennings (1991)
find that parents play a major role in determining the initial political direction in the
early adulthood of their offspring. I abstract from voters’ influence varying by income.
Given the strength of lobbies and the importance of election campaign financing in the
US, this could play an important role.

1.5.2 Calibrated parameters

In the following the targets of the remaining parameters are specified. The parameters
are related to costs and expenditures of education, educational decisions and outcomes,
and the distribution of earnings.

1.5.2.1 Education costs and expenditures

In 2009 the share of GDP dedicated to public early education was 3.9% (OECD 2011a),
which is targeted by γ , the productivity parameter of early education investment. The
parameter determining the curvature of the “warm glow” function, ξ , is anchored by
the share of household wages parents spend on early private education, estimated to be
a total of 2,198 US$ per child in 2007 according to Kornrich and Furstenberg (2013).11

11Their analysis includes expenditures on education, child care, and other miscellaneous goods and
services, such as games and instruments, for children.
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Using the IPUMS data for 2007, I calculate the average household earnings per child,
where no parent is older than 48 and at least one parent is older than 32, and determine
it to be 41,068 US$. Therefore, I estimate that an average parent spends 5.4% of his
earnings on private early education of a child.

In 2010-2011 average costs of one year of undergraduate full-time studies at a 4-year
institution are 22,092 US$ according to the U.S. National Center for Education Statistics
(NCES).12 Given a GDP per capita of 49,800 US$ in 2011 on average the costs of one
year of college rack up to 44% of GDP per capita, which I target via the tuition cost
T . The total expenditures of households on tertiary education sum up to 1.1% of total
GDP according to the OECD (2011a), which is targeted by the “warm glow” parameter
φ , the importance parents attach to the human capital outcome of their children. The
share of students receiving federal grants is retrieved from the 2011 Digest of Education
Statistics.13 Of all full-time undergraduate students 64% received financial aid through
grants in 2007-2008, which pins down κ , the parameter determining the slope of the
college subsidy with respect to parental earnings.

1.5.2.2 Education decisions and outcomes

In 2009 of those completing high school 71% enrolled into college according to the Na-
tional Science Foundation, while the high school completion rate is estimated at 88%
(Heckman and Lafontaine 2010).14 This results in 62% enrolling into college and 38%
of non-college workers, which I approach through ψ0, a parameter of the probability
of college completion. The other parameter of the college completion function, ψ1, is
pinned down by the fraction of individuals completing college, 58% of first-time, full-
time students who enrolled at a 4-year institution in fall 2004 according to the NCES.15

I use the IPUMS data of the year 2011 to calculate the college completion as well as
the dropout premium. The ratio of the average earnings of men aged 33 to 48 with at
least four years of college to those with no college education is 2.53, while the ratio
of those with less than four years of college to those with no college education is 1.32.

12For more information see the website http://nces.ed.gov/fastfacts/display.asp?id=76.
13See http://nces.ed.gov/programs/digest/d11/tables/dt11_353.asp.
14See http://www.nsf.gov/statistics/seind12/c1/c1s4.htm.
15See http://nces.ed.gov/fastfacts/display.asp?id=40.
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Table 1.2: Benchmark model parameters
Independently chosen

Description Para-
meter

Value Reference

Coefficient of relative risk aversion σ 1.5 Standard
Discount factor β 0.96 Standard
Time for college completion n̄ 4 years Standard
Time for college dropout n 2 years Stinebrickner and Stinebrickner 2007
Lifecycle wage premium η0 1.8 IPUMS 2011
Lifecycle wage premium η1 1.1 IPUMS 2011
Voting weights of young HH ωy See Table 1.1 CPS voting supplement 2006
Voting weights of old HH ωo See Table 1.1 CPS voting supplement 2006

Calibrated

Description Para-
meter

Value Target Data

Elasticity wrt early education γ 0.34 Public early education/GDP 0.039
Tuition cost per period T 0.44 Annual tuition costs/GDP per cap. 0.44
Slope college subsidy wrt earnings κ 0.46 Share college students with grant 0.64
“Warm glow” φ 1.375 Private college expenditure/GDP 0.011
Curvature of “warm glow” ξ 0.78 Private early educe./Mean earnings 0.054
College completion wrt ability ψ0 0.29 Fraction attending college 0.62
College completion wrt ability ψ1 1.02 College completion rate 0.58
College completion premium θ̄ 1.31 Average college premium 2.53
College dropout premium θ 0.87 Average dropout premium 1.32
Persistence ability transmission ρ 0.25 Intergenerational earnings persist. 0.40
Level effect of HC prod. func. χ 1.075 Gini before tax 0.39
STD of noise in ability trans. σa 0.50 Variance of log hourly wages 0.47
Magnitude of market luck shock ζ 0.375 Share earnings variance post-educ. 0.39
.
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These are targeted in the model by the college completion and dropout premium θ̄ and
θ , respectively.

1.5.2.3 Earnings

Intergenerational mobility in the US, as captured by the coefficient of the intergenera-
tional earnings persistence, is 0.4 (e.g., Solon 1992, Zimmerman 1992, Solon 1999) and
is targeted by the parameter for the intergenerational transmission of innate ability ρ ,
the coefficient of the autoregressive process. The variance of the random shock in the
transmission of innate ability σa is linked to the variance of log hourly wages of males.
In the US in 2005 the variance of log hourly wages of males was 0.47 (Heathcote, Perri,
and Violante 2010). The Gini coefficient of hourly male wages in the US, my measure
for earnings inequality, is 0.39 in 2005 (Heathcote et al. 2010) and is targeted by χ ,
which is the parameter in charge of the level effect of human capital creation at the
early stage.16 The relevant moment for the post-education earnings shock ζ is the share
of the variance in earnings of 0.39 which is not explained by initial conditions, such as
education, when entering employment (Huggett et al. 2011).

1.6 Benchmark economy

The model performs well at replicating the fraction of individuals going to college, the
dropout rate, the share tuition costs of one year of college relative to GDP per capita,
and the share of GDP households dedicate to tertiary education, as can be seen in Table
2.2. The average college and dropout premium are overestimated, whereas the share
of college students receiving federal grants and intergenerational earnings persistence
are slightly underestimated. While the correlation in innate ability ρ is 0.25, the inter-
generational elasticity in earnings is 0.39. A large part of intergenerational mobility is

16The focus is on the pre-tax and pre-transfer Gini in form of hourly wages as I am trying to capture
inequalities coming about through education and human capital accumulation and their respective returns
in the market.
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Table 1.3: Calibration of the US economy
Target Data Model
Public early education exp./GDP .039 .044
Annual tuition costs/GDP per capita .44 .42
Share of college students with grants .64 .57
Private college expenditure/GDP .011 .010
Private early education exp./Mean earnings .054 .061
Fraction attending college .62 .62
College completion rate .58 .59
Average college premium 2.53 2.91
Average dropout premium 1.32 1.61
Intergenerational earnings elasticity .40 .39
Gini before tax .39 .38
Variance log wages .47 .44
Share of earnings variance post-schooling .39 .34

determined by the underlying structure of the model.17

In the calibration public early education investment accounts for 4.4% of GDP,
which is slightly higher than the 3.9% in the data. This can be attributed to the high
elasticity of returns to early education expenditures (µ = 0.34). The elasticity of returns
to education expenditures has been estimated to be lower, taking values around 0.2 (e.g.
Card and Krueger 1992, 1996). However, these estimates might be underestimating the
returns, as they exclude private investments (remember in the model investments are
e+g) and tend to have small time horizons. Increasing a teacher’s salary might increase
motivation marginally, but in the long-run this measure would also improve the talent
pool of teachers.

The model estimates that 57% of the students receive grants, whereas in the data
64% of full-time undergraduates do so. Even though not targeted by the calibration,
I find that those receiving grants on average can cover 36% of tuition, which is fairly
close to the 32% (7,100 US$) in the data of the NCES.18 In the model public expen-
ditures account for 21% of total tertiary education expenditures, which is far from the

17The finding that the correlation of the permanent component of wages of brothers is higher than for
their physical attributes such as height and weight (Mazumder 2008), which are arguably transmitted
more directly via genes, casts doubts on accepting ”nature” as the sole explanation of intergenerational
persistence in earnings.

18According to a Sallie Mae-Ipsos Report in 2013 grants and scholarships pay for 30% of costs of
college attendants.

27



41% in the data. This discrepancy originates in the assumption that colleges do not re-
quire input in the model, implemented due to the emphasis on financial aid given tuition
costs. Since colleges in the model do not require inputs to produce, their productivity
is not dependent on funding. According to the OECD (2012) public expenditures on
tertiary education account for 1.3% of GDP in the US, while 18.5% of these funds are
spent on scholarships and grants. Therefore, the US invests 0.24% of GDP in grants and
scholarships, which is close to the 0.25% endogenously determined through probabilis-
tic voting in the model.

The college premium parameter θ̄ is 1.31, but since it is multiplied with acquired
ability the actual average college premium is 2.91, 15% higher than what we observe in
the data. The college dropout parameter θ is 0.87. The fact that the dropout premium is
smaller than unity can be interpreted as dropping out being a negative signal in the labor
market and/or the time spent in college without graduating is lost in terms of learning
on the job, leading to a relatively lower work experience, which is penalized in the labor
market.

The “warm glow” parents feel for the human capital accumulation of their offspring
(φ = 1.375) is close to the value of 1.37 calibrated by Blankenau and Youderian (2012).
This is supported by comments by Keane and Wolpin (2001), Johnson (2012), and
Lochner and Monge-Naranjo (2012) pointing out the high parental valuation of chil-
dren’s education given that the young would not attend college without attendance-
contingent transfers by their parents even if credits were abundant.

1.6.1 Performance beyond targets

The model does not only perform well at replicating targeted moments, but also comes
close to a range of other moments related to inequality and intergenerational mobility.
The ratio of mean to median earnings is 1.29 compared to 1.34 in the data using only
employed males between 18 and 64 of the IPUMS 2011. For male earnings in 2005
Heathcote et al. (2010) determine the P50/P10 percentile ratio to be 2.31 compared to
2.54 in the calibration, and the P90/P50 percentile ratio to be 2.33, close to 2.23 in the
benchmark economy. Jäntti et al. (2006) estimate the mobility trace index at 0.86 in the
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US.19 In the benchmark economy the mobility trace index is 0.89, marginally higher
than the value obtained by Jäntti et al. (2006).
Additionally, I compare a 3x3 matrix of intergenerational transition probabilities be-

Table 1.4: Earnings transition matrix
Data Model

FatherSon Bottom Middle Top Bottom Middle Top
Bottom tercile .48 .34 .19 .47 .36 .18
Middle tercile .30 .37 .34 .38 .37 .29
Top tercile .21 .29 .50 .15 .31 .54
Note: The left panel is calculated using permanent earnings of fathers and sons of the PSID
between 2000-2008.

tween earnings terciles of the model to those I obtain using fathers and sons of the PSID
between 2000 and 2008. Correcting for lifecycle effects by taking the residuals of a
regression controlling for age and age square and year fixed effects, and then averaging
observations over various years, I find, as displayed in Table 1.4, that persistence is es-
pecially high at the bottom and the top, where about half of all sons end up in the same
earnings tercile as their father. Comparing the data to the transition matrix obtained for
the benchmark case, one can see that the model replicates intergenerational dynamics
accurately. While for fathers in the bottom earnings tercile it matches the data closely,
it benignly overestimates persistence for sons who’s fathers are in the top tercile, where
54% end up in the same cell as their father, compared to only 50% in the data. For sons
of the middle quintile the model overestimates downward mobility, which is due to the
punishing effect of dropping out of college.

1.6.1.1 Credit constraints

In Figure 1.5 the correlation between parental earnings and college attendance and com-
pletion becomes apparent. The model accurately replicates the pattern of college atten-
dance conditioned on the parental earnings quintile determined by Bailey and Dynarski
(2011) using the National Longitudinal Survey of Youth (NLSY). In the data more chil-

19The trace index is calculated using a 5x5 matrix P of transition probabilities for sons to move to a
given earnings quintile conditioned on the earnings quintile of their father. Given the matrix the index is
calculated as: MT = 5−tr(P)

5−1 where tr is the trace of the matrix P. The index is bound below by zero and
is increasing in mobility.
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dren of the bottom quartile drop out of college, which could be linked to two causes.
First, despite the finding of Stinebrickner and Stinebrickner (2007) that dropout is usu-
ally explained by ability, as implemented in the model, financial constraints tightening
during college attendance might force some students to drop out. Second, in the model
abilities and completion probabilities are perfectly known, whereas in reality some stu-
dents might realize that they are not prepared for college once they are actually attending
college.
In order to determine the share of individuals that are credit constrained in their college
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Figure 1.5: Data vs model of college attendance and completion rates (y-axis) by
parental earnings quartile (x-axis)

decision I use the methodology of Carneiro and Heckman (2002). They define as credit
constrained the sum of the gaps between the percentage of the highest income quartile
enrolled for each ability tercile and the percentage enrolled in the remaining income
quartiles of the given ability tercile. When undertaking the same exercise in terms of
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acquired ability the model exhibits a large share of 23.2% of credit constrained individ-
uals, compared to only 5.2% identified by Carneiro and Heckman (2002) using a sample
of white males of the 1979 cohort of the NLSY. Belley and Lochner (2007), using the
NLSY97, find that family income has become a much more important component of the
college enrollment decision in the recent past. Given that tuition costs have more than
doubled in real terms since the 80’s this is not a surprising development. Recent esti-
mates using the same approach have increased to 16.6% (Bohacek and Kapicka 2012),
24% (Winter 2013), and an upper bound of half of all children (Brown, Scholz, Seshadri
2012).20 In the benchmark economy the same exercise in terms of innate ability instead
of acquired ability, reveals that 27.5% of individuals are credit constrained in their col-
lege decision when one does not condition on early investments. In Figure 1.11 in the
Appendix one can see how early investment increases with innate ability and parental
earnings.

1.6.2 The role of political economy

With few exceptions (e.g., Ichino et al. 2010), the relationship between inequality and
mobility is analyzed in isolation from the political economy. In order to develop a
better understanding of the underlying mechanism, I illustrate voter preferences by age
and earnings. In the left panel of Figure 1.6 the aggregate utilities as a function of
τp of young and old households are displayed. For old households there is no gain
from investment in early education, hence their utility is strictly decreasing in τp. For
young households public early investment is beneficial due to its effect on their children,
however at a decreasing rate. At some point the substitution effect of own earnings
outweighs the benefits from the additional education investment and aggregate utility
of the young household begins to decline. The aggregate utility of old households as a
function of τq is presented in the right panel of Figure 1.6. Aggregate utility of the old
is increasing until the function has a kink where tuition costs of all college attendants
can be fully covered by the revenues, after which it is strictly decreasing.

20The share of potentially credit constrained children estimated by Brown et al. (2012) is so high
due to the assumption that not all parents are willing to contribute the expected amount according to the
expected family contribution schedule, which is used as a guide for the calculation of individual financial
aid.
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Figure 1.6: Aggregate utility of households as a function of τp (left) and τq (right).

In Figure 1.7 the utility of the 10th to the 90th earnings percentile by varying innate
ability levels of the offspring is shown as a function of τp. The calculations are made
given steady state private investments in early education, which is important because
public and private education are substitutes. Comparing the trajectories for a low (top
left panel) and a lower medium (top right) ability child, one can tell that parents of low
ability children with earnings in the bottom tercile are less responsive to increases in
τp than parents of children with slightly higher ability. This is due to low returns to
investments in low ability children. For wealthier parents this is not necessarily the case
because they have already allocated private funds to the child’s education, wherefore
marginal returns to investment are lower. In the bottom right panel, where children are
of high ability, one can see that the poorest deciles are still in favor of a higher τp. This
means that even when children are of high ability poor parents are still underinvesting
in their children despite the high returns.
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Figure 1.7: Utility of young households by earnings percentile (y-axis) as a function of
τp (x-axis) for varying levels of innate ability of the offspring

1.6.2.1 What if the college premium changes in the US?

Many argue that the digital revolution caused the rise in the college premium through
a skill-biased demand shift combined with globalization (e.g., Katz and Murphy 1992,
Krusell, Ohanian, Rios-Rull, and Violante 2000, Acemoglu 2002, Hornstein, Krusell,
and Violante 2005). Given that both, technological development and globalization re-
main dynamic, further shifts in the college premium could take place. In order to demon-
strate the effects of voting, exogenous movements of the college premium parameter θ̄

from 1.21 to 1.41 are simulated. The effects on intergenerational earnings persistence
are illustrated in the left panel, and on earnings inequality in the right panel of Figure
1.8, where the dashed line represents the trajectory when taxes are fixed as in the bench-
mark model and the solid line displays what happens when taxes are voted on.

When the college premium declines, college enrollment decreases and the compo-
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sition of college attendants changes. Fewer less well off households send their kids
to college as the prize of the college lottery diminishes. Therefore, public support for
college subsidies wanes. When the college premium is low, richer households do not
have high incentives for investing in education, thus intergenerational earnings persis-
tence decreases. Also rich households are not as rich, hence the distance and the in-
centive effect lead to a reduction in intergenerational earnings persistence. However,
these reducing forces are countered by a lower chosen tax rate for early education. As
a consequence the intergenerational earnings persistence is only 4% lower than in the
benchmark case.

An exogenous increase in the college premium acts as a boost to the economy. The
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Figure 1.8: The effects of voting on earnings persistence and inequality

chosen tax rate τp dedicated to early public education increases. Thereby, the improved
early education combined with the higher payoffs of college completion augment the
share of college attendants. Given that amongst those entering, many are from less well
off households, people vote for higher college subsidies, hence increasing the fraction
of college students receiving grants and thereby alleviating the barriers to access. The
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effect of enrollment on increased public financing has been emphasized by the politi-
cal science literature (e.g., Ansell 2010, where it is shown that in a range of countries
left-leaning parties only started supporting public expenditures on tertiary education af-
ter more children from poorer families began attending college). The intergenerational
earnings persistence drops down to 0.31 when θ̄ takes its maximum value of 1.41, while
the Gini declines only marginally to 0.37.

This simulation exhibits, though, that the general assumption of a positive relation
between returns to tertiary education on the one side, and inequality and intergenera-
tional earnings persistence on the other, does not hold when public expenditures are
determined through voting. During an interval where incentives for investment increase
and poorer households suffer from credit constraints, intergenerational earnings persis-
tence and inequality increase. Then they peak before returns become so high that it is
worth taking the risk of enrollment for less well off individuals, after which the inter-
generational earnings persistence and the Gini decline.

I compare these outcomes to simulations where the tax rates are fixed as in the
benchmark model. Here we do not observe the large decline in intergenerational earn-
ings persistence when the college premium increases. However, at the highest simulated
college premium intergenerational persistence decreases marginally, due to increased
incentives for less wealthy households to dedicate a large share of their earnings to col-
lege tuition.

In order to decompose this effect I simulate the exogenous variations in the college
premium while allowing households to vote only on one single stage of public education
financing in isolation, as displayed in Figure 1.21 in the Appendix. For a lower college
premium voting has a smaller impact, whereas considerable differences emerge towards
the maximum value of θ̄ . When only allowing for voting on college subsidies intergen-
erational earnings persistence reduces to 0.38, whereas it decreases to 0.36 when only
permitting voting on early education. Therefore, 4% of the drop the political economy
in earnings persistence can be attributed to the endogenous changes in public financ-
ing of late education alone, while 32% can be accomplished by endogenous changes in
early education. This decomposition highlights the importance of sound coordination
of reforms in early and late education, as the increases in public subsidies at both levels
combined allow for a multiplicator effect, which decreases intergenerational earnings
persistence by three times the amount compared to when public subsidies at only one
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level are adjusted endogenously.
Pre-tax earnings inequality is affected less by the inclusion of voting on taxes. For

the largest value of the college premium the Gini decreases by 4% compared to no vot-
ing, with only a small difference to when individuals only vote on one of the levels of
education financing.

1.6.2.2 Voting policy experiments in the US

Voter turnout in the US is lower and more skewed towards the educated than in most
OECD countries. Therefore, one possible policy to counter this would be compulsory
voting, as already exists in a number of countries (e.g., Argentina, Australia, Brazil,
Peru). I simulate the policy experiment by imposing mandatory voting for all. If every-
body were to cast their vote, public education funding of early education would increase
from 4.4% to 5.2% of GDP and financial aid expenditures on college would augment
from 0.25% to 0.28% of GDP, providing financial aid to 59% of the college students,
who would account for 66% of the population. As a consequence the Gini reduces
marginally to 0.37, whereas earnings persistence drops to 0.36.21

Another policy, which recently has received attention in the public debate, is the ex-
tension of electoral franchise to children as of birth.22 The practical implementation
discussed would include parents voting for their children. I simulate this by doubling
the benchmark voting weight of young parent households.23 As a result inequality re-
duces to a Gini of 0.36, whereas intergenerational mobility surges due to the increases
in public early education expenditures, thus reducing earnings persistence to 0.21.

21This is not to claim that these changes would be immediate, as surely politicians would take time to
identify preferences of the electorate, which would take several elections.

22The extension of franchise to children is commonly referred to as “Demeny voting”, named after
Paul Demeny, the author of a paper suggesting half a vote for children to counter low-fertility (Demeny
1986).

23This is debatable given that increased voting weight raises incentives to vote, which thereby could
feedback into turnout of young parent households as well. Given that voter turnout is not modelled in
the framework, I refrain from speculating about the magnitude of the possible increase in turnout among
young parents.
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1.7 Cross-country differences

As visible in the “Great Gatsby Curve” inequality and intergenerational mobility are
negatively associated across countries. In order to identify potential drivers of this rela-
tionship I conduct experiments exploiting cross-country differences in voter turnout and
tertiary education characteristics jointly and in isolation.

1.7.1 Voter turnout

To decompose the drivers of cross-country differences in inequality and intergenera-
tional mobility, I run the simulations with the US benchmark specification while only
adapting one of the explanatory factors separately, either the voting weights or the char-
acteristics of tertiary education. Voter turnout shows strong variations across age groups
and levels of education across countries. I am agnostic here on whether this is due to
culture or political institutions.24 I use this variation to adjust the voting weights in the
probabilistic voting process and explain differences in individual earnings inequality
and intergenerational earnings persistence. The voter turnout by age group and educa-
tion is determined using the ESS 2010 for European countries and the Canadian Election
Study 2010 for Canada, as displayed in the Appendix in Table 1.10, and assign these
weights to the respective age groups and education levels in the probabilistic voting
mechanism of the benchmark model.

Voter turnout alone on average explains 21% of the difference in the Gini and 23%
of the difference in intergenerational earnings persistence to the US. The results are
summarized in Table 1.5 and in Figures 1.14, 1.15, and 1.17, in the Appendix. The
model performs well in terms of replicating data moments of the Gini, intergenerational
earnings persistence, and public expenditures on non-tertiary and tertiary education. In

24There is strand of literature attempting to explain cross-country differences in voter turnout and
specifically low turnout in the US (e.g., Wolfinger and Rosenstone 1980, Powell 1986, Jackman 1987,
Blais 2000, Perea 2002). General explanations for cross-country differences range from legal differences,
such as compulsory voting or voting facilitation through postal or advanced voting, organizational factors
and electoral systems, such as number of parties, party-group alignment, and proportional representation,
and population size. Specifically concerning the US there seems to be consensus that the complexity
of registration is one reason for the low turnout. Blais (2000) summarizes that there is a lack of solid
explanations and there are few robust findings, which explain cross-country differences, with compulsory
voting being an exception. So far neither theoretically nor empirically has anybody found a consistent
answer to the voting paradox.
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the following the results of each country are specified.
The Swedish society is characterized by a relatively low intergenerational earnings

persistence of 0.27 (Corak 2012) and a pre-tax Gini of individual earnings of 0.32
(Domeij and Floden 2010). Swedes of all age groups are similarly likely to vote, and
voter turnout is not biased towards the highly educated as in the US. This voting pattern
causes an increase of τp from 4.4% in the benchmark case to 5.3%, while τq increases
from 0.26% to 0.37%. These higher levels of public education funding decrease the
intergenerational earnings persistence by 10% to 0.35 and the Gini to 0.37. Thereby,
the voter turnout can explain 28% and 7% of the gaps between Sweden and the US
in earnings persistence and inequality, respectively. These improvements in inter- and
intragenerational equity are accompanied by a 4% increase in aggregate consumption.
In Sweden inequality increased over the 90’s, however to a lesser extent than in the
US. Similarly, intergenerational mobility remains high despite increases in earnings in-
equality. The model indicates that the political economy, and more specifically voter
participation, might be able to explain why the increase in the skill premium in the 90’s
had a less harsh effect on inequality and mobility in Sweden than in the US.

In the United Kingdom the Gini of individual earnings is 0.383 (OECD 2011b),
while the intergenerational earnings persistence is estimated to be 0.31 (Jäntti et al.
2006). In the UK voter turnout is increasing in age and education, but the bias is rel-
atively lower than in the US. The simulation reveals an earnings persistence of 0.35
accounting for 40% of the gap. The Gini only drops to 0.37, but this accounts for 66%
of the difference in inequality between the UK and the US. Canada has a Gini of 0.37
(OECD 2011b) and a relatively low earnings persistence of 0.21 (Corak 2012). Voter
turnout patters are capable of explaining 19% of the difference in earnings persistence
to the US and 23% of the difference in earnings inequality. Denmark is amongst the
most equal countries and has the lowest intergenerational earnings persistence of the
OECD. The Gini of individual pre-tax earnings is estimated to be 0.294 (OECD 2011b),
while the intergenerational earnings persistence is 0.15 (Corak 2012). In Denmark voter
turnout is relatively high across all age groups and levels of education resulting in a Gini
of 0.37 and intergenerational earnings persistence of 0.35, accounting for 6% and 19%
of the gaps, respectively. Norway has a similarly low level of intergenerational earnings
persistence of 0.17 (Corak 2012) and a Gini of 0.35 (OECD 2011b). In Norway voter
turnout explains 10% of the difference in inequality and 13% of the difference in inter-
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generational earnings persistence. Finland matches the pattern of the other Scandinavian
countries with a pre-tax earnings Gini of 0.31 (OECD 2011b) and an intergenerational
earnings persistence of 0.18 (Corak 2012). For the case of Finland voter turnout patterns
can account for 3% and 12% of the respective gaps.

In Germany the pre-tax earnings Gini is estimated to be 0.37 (Fuchs-Schuendeln,
Krueger, and Sommer 2010) and the intergenerational earnings persistence is 0.32 (Corak
2012).25 Both values are in the middle of the distribution of OECD countries. Voting
participation in Germany is biased towards the older and more educated, but not to such
an extreme extent as in the US. As expected the publicly chosen education expenditures
as well as the Gini and intergenerational earnings persistence are in the middle range,
closing 29% and 33% of the gaps, respectively

Table 1.5: Counterfactuals (voter turnout)
Intergenerational elasticity Gini

Country Data Model ∆explained Data Model ∆explained

US .40 .385 .39 .375
Sweden .27 .348 .28 .32 .370 .07
UK .31 .350 .40 .383 .371 .66
Canada .21 .349 .19 .37 .371 .23
Denmark .15 .34 .18 .294 .369 .06
Norway .17 .355 .13 .35 .371 .10
Finland .18 .358 .12 .313 .373 .03
Germany .32 .358 .33 .37 .369 .29
Note: The share of a gap between a data moment in the US dUS and another country dcountry
explained by moments m j produced by the model, is calculated using the following definition:

∆ =
(mUS−mcountry)
(dUS−dcountry)

.

1.7.2 Tertiary education and voter turnout

Countries are characterized by varying types of tertiary education. Roughly labeling
the countries included in the analysis into the categories defined by Ansell (2010), the
Scandinavian countries and Canada could be considered as mass public, the US, and

25In Germany tuition costs vary strongly by state, which is why Germany is excluded from the simula-
tion with tertiary education characteristics.
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the UK as partially private, and neither as an elite tertiary education system.26 Using
data from the OECD (2012, 2013) I calculate the college premium and tuition costs
relative to the US, which are displayed in Table 1.8 in the Appendix, and assign them
as exogenous factors in the model.27 Then I calibrate the model while targeting dropout
rates of each country via ψ0, a parameter of the college completion probability function,
and enrollment via the dropout premium θ . Expenditures on early education and, for
those countries with non-zero tuition costs, financial aid is determined endogenously
via probabilistic voting given country-specific voter turnout, which is in Table 1.10 of
the Appendix and discussed in further detail in section 1.7.1.28 On average I find that
the differences in tertiary education and voter turnout combined can explain 71% of the
differences in inequality compared to the US and 29% of the gaps in intergenerational
earnings persistence. The results are summarized in Table 1.6 and Figure 1.9. The high
correlations of 0.67 and 0.83 between data and model moments in terms of the Gini and
intergenerational earnings persistence, respectively, are illustrated in Figure 1.12 in the
Appendix.

In Sweden college access is free of tuition costs and is rewarded with one-third of
the premium of the US. I find that differences in the characteristics of tertiary education
and voter turnout explain 38% of the difference in intergenerational earnings persis-
tence, which drops to 0.34, and 62% of the gap in the Gini, which reduces to 0.33.29 In
the United Kingdom the college premium is relatively high and about three-quarters of
the US college premium, whereas average tuition costs are nearly half as cheap. While
29 % of the gap in intergenerational earnings persistence is explained, the gap in in-
equality is fully accounted for. Canada’s average tuition costs for tertiary education are
about 40% of those of the US (Belley, Frenette, and Lochner 2011), while the college
premium is about half as high as in the US (OECD 2013). Also the dropout rates are
substantially lower at around 30% (Finnie and Qiu 2008). The model estimates inequal-
ity to be 0.35, which is even lower than it actually is in Canada, thereby covering the

26Elite tertiary education system are more prevalent in low and middle income countries with high
inequality, such as Chile, Brazil, or Mexico.

27Since not all the data for Canada is available in the OECD report I obtain them from the literature.
28Since financial aid in the model is a tuition discount, there is no point in voting on financing of

college education when tuition costs are zero.
29The share of a gap between a data moment in the US dUS and another country dcountry explained by

moments m j produced by the model, is calculated using the following definition: (mUS−mcountry)
(dUS−dcountry)

.
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Figure 1.9: Comparing model moments with country-specific tertiary education and
voter turnout by age and education (blue) and data moments (red) of the Gini versus
intergenerational earnings persistence.

entire gap. Intergenerational earnings persistence drops to 0.34 explaining 24% of the
difference.

In all Scandinavian countries tuition is free and, except for Finland, the college pre-
mium is about one-third of the US. In Denmark tertiary education combined with the
patterns of voter turnout accounts for 17% of the difference in intergenerational earn-
ings persistence and 40% of the gap in the Gini between Denmark and the US. Both,
Gini and earnings persistence, diminish to 0.34 in the simulation. In Norway 22% of the
gap in earnings persistence and the entire difference in earnings inequality are explained
by the simulation. In Finland the college premium is nearly two-thirds of the US, and
hence the model closes only 23% and 18% of the gaps in inequality and intergenera-
tional earnings persistence, respectively.
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Table 1.6: Counterfactuals (tertiary education and voter turnout)
Intergenerational elasticity Gini

Country Data Ter.&Vote ∆ter.&vote Tertiary ∆ter. Data Ter.&Vote ∆ter.&vote Tertiary ∆ter.
US .40 .385 385 .39 .375 .375
Sweden .27 .336 .38 .329 .43 .32 .332 .62 .33 .65
UK .31 .359 .29 .369 .18 .383 .368 1.03 .370 .71
Canada .21 .340 .24 .340 .24 .37 .348 1.36 .348 1.36
Denmark .15 .342 .17 .347 .15 .294 .337 .40 .339 .38
Norway .17 .336 .22 .350 .15 .35 .335 1.01 .334 .94
Finland .18 .358 .18 .362 .11 .313 .345 .23 .360 .20
Note: The column “Ter.&Vote” refers to results where country-specific voter turnout and tertiary education chararcteristics are varied,
whereas the column “Tertiary” refers to results where only country-specific characteristics in tertiary education are varied. The share of a
gap between a data moment in the US dUS and another country dcountry explained by moments m j produced by the model, is calculated

using the following definition: ∆ =
(mUS−mcountry)
(dUS−dcountry)

. ∆ter.&vote and ∆ter. refer to the share of the difference explained by voting as well as
tertiary education, and tertiary education, respectively.

1.7.3 Tertiary education

In order to isolate the importance of tertiary education I simulate the economy with the
voting weights of the US, but the country-specific characteristics of tertiary education.
The results are summarized in Table 1.6 and Figure 1.16 in the Appendix. For all coun-
tries the Gini is lower than when only using country-specific voter turnout, and therefore
the gap in earnings inequality is closed to a larger extent. On average 65% of the differ-
ences in the Gini and 21% of the differences in intergenerational mobility are accounted
for by characteristics of tertiary education. Concerning the intergenerational earnings
persistence, varying levels of education expenditures at the two education stages caused
by differences in voter turnout seem to be of a greater importance than the characteristics
of tertiary education in some cases. In Canada, Norway, and Sweden tertiary education
contributes more to the lower intergenerational elasticity than voter turnout, whereas
in Denmark, Finland, and the UK the opposite is the case. In Denmark, Norway, and
Sweden, where access to college is free and the premium is relatively low, the model
exhibits the lowest levels of earnings inequality, as is the case in the data.

1.8 Robustness check

The educated are more likely to participate in a range of political activities such as
signing petitions, attending meetings, writing to congress, or contributing to campaigns
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(Schlozman et al. 2012). As a robustness check to the voter turnout experiment I instead
use variations in party membership. Party members spread political propaganda, mobi-
lize voters, and form and shape agendas.30 Ichino et al. (2010) find that across countries
intergenerational mobility is positively associated with party membership of the poor
relative to the rich. I use the first, third, and fifth wave of the World Values Survey to
determine the membership rate (active as well as inactive) by age group and level of
education to assign these shares as weights, as displayed in Table 1.10 in the Appendix,
in the probabilistic voting process. Including all countries, on average weighting voters
by party membership propensity explains 3% of the difference to the Gini and 14% of
the difference to intergenerational earnings persistence to the US, whereas if we exclude
the UK these shares increase to 12% and 22%, respectively. The results are summarized
in the Appendix in Table 1.9 and in Figures 1.18, 1.19, and 1.20.

In the US the share of individuals that are active or inactive members of a politi-
cal party is highest among the countries examined. However, once again participation
is biased towards the older and more educated. This causes intergenerational earnings
persistence to increase slightly compared to the benchmark model due to public early
education decreasing to 4.1% of GDP, which is even closer to the 3.9% in the data. The
share of subsidies to college education remain unchanged, while earnings inequality ex-
periences a benign increase.

In Sweden there is hardly a bias in party membership by age, and contrary to other
countries, particularly the highly educated are less likely to be party members. This re-
sults in high subsidies to early and late education decreasing earnings persistence to 0.35
and the Gini to 0.37, thereby closing 34% and 10% of the gaps to the US, respectively.
In Germany party membership is unusual. The relative membership propensity explains
30% of the difference in intergenerational earnings persistence and 17% in earnings in-
equality.

In the UK the old and educated are relatively more likely to be party members than
in the US. This leads to an increase in intergenerational earnings persistence and in-
equality, thereby increasing the differences to the US. In Canada 11% of the gap to the
US is closed, as well as 14% of the difference earnings inequality. In Norway party
membership is not habitual, but more common among the older, yet there is no recog-

30For evidence on the importance I refer to Huckfeldt and Sprague (1992) and Green and Gerber
(2008).
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nizable bias towards the more educated. The patterns of party membership in Norway
account for 9% of the gap in inequality and 11% of the gap in intergenerational earnings
persistence.

1.9 Conclusions

I calibrate a model characterized by dynamic complementarity between early and col-
lege education to the US economy. Households vote on tax rates dedicated to the fund-
ing of each education level. The model performs well at replicating the US economy
across several dimensions including inequality, intergenerational mobility, the share of
GDP dedicated to early education, and financial aid to college students. In addition,
the model matches details not targeted, such as the intergenerational earnings transition
matrix and college attendance by earnings quartile. In the benchmark economy almost
one in four individuals is financially constrained in the college decision and mobility is
found to be low at the top and the bottom of the earnings distribution.

The negative relation between inequality and intergenerational mobility observed in
the data is replicated by the model when simulating with country-specific characteris-
tics of tertiary education. I find that differences in tertiary education can account for
65% of the gaps in earnings inequality and 21% of the gaps in intergenerational earn-
ings persistence between the US and Canada, Denmark, Finland, Norway, Sweden, and
the UK. When controlling for country-specific voter turnout by age and level of educa-
tion in the probabilistic voting process, the negative association between inequality and
public expenditures on education observed in cross-country data is reconciled. Political
participation in form of voter turnout explains nearly one-quarter of the differences in
inequality and intergenerational earnings persistence. As a robustness check, I assign
voting weights according to party membership by age and education obtaining similar
results.

Concerning voting policies in the US, I find that compulsory voting would reduce
earnings persistence by one-tenth, whereas extending electorate franchise to children as
of birth and letting their parents vote for them would nearly halve the share of earnings
transmitted across generations. However, the effects of these policies on inequality are
found to be comparably low.

Simulations with an exogenous increase in the college premium in the US exhibit a
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non-linearity in the otherwise negative relation between inequality and mobility, a char-
acteristic not identified in models that ignore the political economy. The incentives for
poorer households to enroll their children in college increase, driving broader public
support for college subsidies, as stressed by the political science literature. This raises
aggregate returns to early education through the dynamic complementarity between the
two educational stages, thereby increasing public funding to early education, hence in-
creasing mobility further.

The model neglects pre-primary education and abstracts from savings and borrow-
ing decisions, which play a role in college financing, thereby providing fruitful areas for
future research.
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1.10 Appendix

Table 1.7: Voting patterns US 1996-2006
Congress President

Age High
school

Some
college

College High
school

Some
college

College

1998 1996
18-32 .16 .28 .41 .28 .47 .66
33-48 .32 .49 .63 .45 .65 .79
48-64 .47 .66 .73 .59 .76 .86

2002 2000
18-32 .15 .26 .44 .29 .47 .67
33-48 .33 .50 .64 .47 .65 .79
48-64 .46 .61 .76 .58 .75 .84

2006 2004
18-32 .17 .29 .46 .35 .58 .72
33-48 .32 .48 .64 .50 .69 .82
48-64 .47 .63 .77 .60 .78 .85
Datasource: CPS November voting supplement 1996-2006.
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Table 1.8: Tertiary education characteristics
Exogenous Calibrated

Enrollment Completion
Country Premium θ̄ Tuition T Data Model θ Data Model ψ0
US 1.31 .44 .62 .62 .87 .58 .59 .29
Sweden 1.10 0 .76 .74 1.03 .49 .49 .26
UK 1.23 .25 .62 .62 .78 .81 .81 .40
Canada 1.16 .26 .60 .62 .95 .70 .70 .35
Denmark 1.11 0 .65 .66 .98 .82 .82 .44
Norway 1.11 0 .76 .74 1.01 .63 .64 .34
Finland 1.20 0 .68 .66 .88 .72 .72 .36
Datasources: College premium OECD 2013 Table A6.1, Tuition OECD 2012 Table B5.1 (for Canada: Belley et al. 2011),
Enrollment OECD 2012 Table C3.3, Completion rates OECD 2011a Table A4.1 (For Canada: Finnie and Qiu 2008).
Note: The relative college premium ˜cp j of country j is calculated by comparing the college premium cp j to cpUS in the

following manner: ˜cp j =
cp j−1

cpUS−1 . Then θ̄ j = 1+ ˜cp j(θ̄US−1).

Table 1.9: Counterfactuals (party membership)
Intergenerational elasticity Gini

Country Data Model ∆explained Data Model ∆explained
US .40 .393 .39 .378
Sweden .27 .349 .34 .32 .370 .10
UK .31 .408 -.16 .383 .379 -.31
Canada .21 .373 .11 .37 .375 .14
Norway .17 .369 .11 .35 .374 .09
Germany .32 .370 .30 .37 .374 .17
Note: The share of a gap between a data moment in the US dUS and another country dcountry
explained by moments m j produced by the model, is calculated using the following definition:

∆explained =
(mUS−mcountry)
(dUS−dcountry)

.
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Table 1.10: Voting weights based on voter turnout and party membership
Voter turnout Party membership

Age* High
school

Some
college

College High
school

Some
college

College

US
18 - 32 .27 .27 .27 .38 .38 .38
33 - 48 .32 .48 .64 .30 .48 .61
48 - 64 .47 .63 .77 .44 .58 .75

Sweden
18 - 32 .89 .89 .89 .07 .07 .07
33 - 48 .93 .91 .94 .11 .13 .11
49 - 64 .95 .99 .97 .17 .13 .16

UK
18 - 32 .51 .51 .51 .09 .09 .09
33 - 48 .65 .65 .81 .08 .15 .10
49 - 64 .77 .83 .87 .13 .16 .28

Canada
18 - 32 .78 .78 .78 .14 .14 .14
33 - 48 .80 .95 .90 .10 .25 .19
49 - 64 .88 .94 .96 .15 .19 .30

Denmark
18 - 32 .81 .81 .81
33 - 48 .89 .90 .94
49 - 64 .93 .99 .95

Norway
18 - 32 .78 .78 .78 .08 .08 .08
33 - 48 .85 .91 .90 .14 .20 .12
49 - 64 .86 .92 .93 .22 .28 .26

Finland
18 - 32 .69 .69 .69
33 - 48 .66 .76 .88
49 - 64 .75 .90 .92

Germany
18 - 32 .73 .73 .73 .04 .04 .04
33 - 48 .68 .83 .92 .06 .04 .10
49 - 64 .78 .87 .93 .07 .05 .15

*Age at time of elections
Datasource: CPS November voting supplement 2006, European Social Survey 2010, World Values Survey
1981-2007, Canadian Election Study 2010. Missing values are left blank.
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Figure 1.10: Turnout ratio of college graduates to those that did not attend college aged
18-65 versus public expenditures on early (left) and college (right) education

49



0

5

10

15

20

25 0

5

10

15

20

25

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Parental earningsAbility

S
h
a

re
 o

f 
p
a

re
n

ta
l 
e

a
rn

in
g

s

Figure 1.11: The share of parental earnings allocated to private early education as func-
tion of innate ability and parental earnings
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Figure 1.12: Comparing model moments with country-specific tertiary education and
voter turnout by age and education and data moments of the Gini (left) and intergener-
ational earnings persistence (right)
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Figure 1.13: Comparing model moments with voter turnout by age and education (red)
with data moments (blue) of the Gini versus intergenerational earnings persistence
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Figure 1.14: Comparing model moments with country-specific voter turnout by age and
education (blue) and data moments (red) of the Gini versus public expenditures (% of
GDP) on non-tertiary (left) and tertiary (right) education
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Figure 1.15: Comparing model moments with country-specific voter turnout by age and
education and data moments of Gini (top left), intergenerational earnings persistence
(top right), and public expenditures (% of GDP) on non-tertiary (bottom left) and tertiary
(bottom right) education
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Figure 1.16: Comparing model moments with country-specific tertiary education and
data moments of the Gini (left) and intergenerational earnings persistence (right)
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Figure 1.17: Comparing model moments with country-specific tertiary education (red)
and data moments (blue) of the Gini versus intergenerational earnings persistence
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Figure 1.18: Comparing model moments with country-specific party membership (red)
and data moments (blue) of the Gini versus intergenerational earnings persistence.
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Figure 1.19: Comparing model moments with country-specific party membership by
age and education moments (red) with data moments (blue) of the Gini versus public
expenditures (% of GDP) on non-tertiary (left) and tertiary (right) education

54



Canada
GermanyNorway

Sweden

UK

US

.3
7

.3
7
2.

3
7
4.

3
7
6.

3
7
8

.3
8

M
o
d
e
l

.32 .34 .36 .38 .4
Data

Correlation: .89

Gini

Canada
GermanyNorway

Sweden

UK

US

.3
4

.3
6

.3
8

.4
.4

2
M

o
d
e
l

.15 .2 .25 .3 .35 .4
Data

Correlation: .47

Intergenerational earnings persistence

Canada
Germany Norway

Sweden

UK

US

.0
3
5

.0
4

.0
4
5

.0
5

.0
5
5

M
o
d
e
l

.03 .035 .04 .045
Data

Correlation: −.06

%GDP non−tertiary

Canada

Germany

Norway

Sweden

UK

US

.0
0
2

.0
0
2
5

.0
0
3

.0
0
3
5

M
o
d
e
l

.005 .01 .015 .02 .025
Data

Correlation: .83

%GDP tertiary

Figure 1.20: Comparing model moments with country-specific party membership by
age and education with data moments of the Gini (top left), intergenerational earnings
persistence (top right), and public expenditures (% of GDP) on non-tertiary (bottom
left) and tertiary (bottom right) education
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Figure 1.21: The effects of voting on early and/or late education on the intergenerational
earnings persistence
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Chapter 2

Early Childhood Education and
Intergenerational Earnings Mobility -
Is Mobility Higher when Mothers
Work?

2.1 Introduction

Why does intergenerational earnings mobility vary to such a large extent across coun-
tries? Despite a large body of empirical literature insisting on the importance of preschool
education in the development of cognitive and non-cognitive skills, which successfully
explain labor earnings, little attention has been given to whether differences in public
child-care and preschool expenditures can account for differences in intergenerational
earnings mobility across countries. So far the literature has focused on differences in
public expenditures at the level of primary, secondary, and/or tertiary education, which
have been shown to be able to account for a considerable share of cross-country differ-
ences in intergenerational mobility (Herrington 2014; Holter 2014; Rauh 2014).

The early childhood environment does not only depend on preschool but also on the
home environment. Children of more educated parents face a more stimulating home
environment. So the more time a child spends at home with his parents, the more the
offspring adopts parental skills. In Figure 2.1 one can see that in countries where fe-
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males are more likely to work, the childrens’ future earnings depend less on parental
earnings.1

I build a model where differences in female labor force participation as well as
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Figure 2.1: Female employment and intergenerational earnings persistence

differing levels of public preschool financing are exploited to explain cross-country dif-
ferences in intergenerational mobility. When young mothers are less likely to participate
in the labor force, parents might not have a large demand for public preschool expendi-
tures, as maternal nurturing could be considered a substitute to public preschool. This
increases the private investments of households where both parents are working. Hence,
when public preschool expenditures are low, the quality of care a child receives is de-
pendent on parental financial resources. When the mother is not working she spends
more time with her child. During the time a mother spends with her child the maternal
cognitive abilities affect the development of a child. Therefore, when more children

1This relationship holds when using the difference as well as the ratio between female and male
employment rates.
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face maternal nurturing instead of public provision of preschool education, cognitive
abilities are transmitted with a higher correlation.

I calibrate the dynastic overlapping generations model to the US as a benchmark,
matching key features in terms of wage dispersion and distribution, earnings mobility,
and private education expenditures. As a counterfactual exercise, I simulate the econ-
omy by replacing the public preschool expenditures of the US with those of 15 OECD
countries. On average this exercise explains 17% of the difference in intergenerational
earnings persistence between the US and these countries and 22% of the variation in
earnings persistence.

In the model human capital creation takes place in three stages. First, children are
born with an innate ability, which is positively correlated to parental innate ability, but
transmitted through a noisy process. Innate ability affects the learning capacity through-
out education and the efficiency of how investments are transformed into human capital.
The initial human capital endowment is enhanced through public and private education
investments as well as maternal time investment. The efficiency of the maternal time
investment depends on her human capital. Second, children attend primary and sec-
ondary education, commonly referred to as K-12 education. Third, once leaving home
individuals can choose to attend college, where one might drop out, hence making it
a risky investment. At the second and third educational stage, I only consider private
and public expenditures, whereas at the earliest stage I include the maternal time input,
of which the quality depends on maternal human capital. Recent structural estimates
confirm that the parental time input seems to be of decreasing importance as the child
ages (Abbott 2014). Later parents can take direct influence on children’s development
by investing privately and by endowing the children with a intervivos transfer when they
leave home and make the college decision.

Across OECD countries one observes a hump-shaped relationship between public
preschool expenditures and intergenerational earnings persistence, as can be seen in Fig-
ure 2.2. Countries that spend little on public preschool have low earnings persistence,
those with expenditures in the medium range have relatively high earnings persistence,
and those spending a lot have low earnings persistence. The simulations exploiting
cross-country differences in public preschool provision replicate this hump-shaped re-
lationship. When public preschool expenditures are very high and crowd out private
investments, all children leave preschool with a considerable level of human capital,
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Figure 2.2: Female employment and intergenerational earnings persistence

such that future earnings depend less on parental investments at the subsequent educa-
tional stages. At a medium level, parental preschool investments play an important role.
The differences in early human capital are amplified due to the dynamic complementar-
ity of human capital at the subsequent stages. High levels of human capital increase the
returns to investment, wherefore richer parents invest relatively even more, which leads
to high levels of earnings persistence. However, very low public preschool provision
leads to overall lower levels of human capital. Therefore, at later stages the differences
of human capital acquisition of poor and rich children is dampened, because the returns
to investment, and consequentially the incentives to invest are lower.

A lower female labor force participation in the model, generated by an increase in
disutility associated with joint work of husband and wife, results in an increase in earn-
ings persistence. The intuition is, when more mothers stay at home with their children
this provides a direct channel of ability transmission. Conversely, when the disutility is
reduced, mothers work more and earnings persistence decreases.
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The body of literature providing evidence on the importance of child care and preschool
on children’s cognitive abilities is extensive. However, a number of studies detect neg-
ative outcomes of children receiving child care (Blau 1999; Bernal 2008; Bernal and
Keane 2010; Herbst and Tekin 2010, 2012; Hawkinson et al. 2013). Most of these stud-
ies, though, disregard the quality of child care provided, which has been shown to be of
crucial importance (Love el al. 2003). In some cases the negative results are admittedly
driven by the use of informal child care, whereas for formal child care no negative effect
can be made out.2 In a survey by Brilli et al. (2013), they find that large-scale policies
of the provision of non-parental child care have positive effects on children’s cogni-
tive outcomes, both in the short and in the medium run, and that the provision of early
childhood education can have long lasting effects on adult outcomes, also enhancing
non-cognitive skills. Reviewing the returns to the Perry Preschool Program, Heckman
et al. (2010) report substantial benefits to the participating individuals and society as a
whole.

Witte and Trowbridge (2004) summarize the early care and education offered in the
US and compare it to those encountered in Europe. They find that public expenditures
are lower in the US and are targeted towards disadvantaged families, whereas in Europe
they are universal and staff credentials are uniformly higher. In the US there are three
major programs, namely, Head Stat, Pre-Kindergarten, and a child care voucher pro-
gram, which have different sources of funding, administration, and minimum standard
regulations, thereby creating transaction costs for parents trying to inform themselves
and coordinate stable arrangements for their children. Only 50% of eligible low income
families wanting their children to participate actually receive services from those three
programs. Additionally, these programs mostly provide only part-day and part-year
care, whereas in Europe most offer full-day and full-year care.

Del Boca et al. (2012) find that mothers’ work has a negative effect on children’s
academic results due to a reduction in time dedicated to their children. This impact,

2McCartney (1984), Melhuish et al. (1992), and NICHD (2000) find that one aspect that differentiates
formal from informal child care is the amount of language stimulation. Teachers of formal child care are
more likely to have training in child development and are more educated in general, both of which are
associated with more verbal stimulation. Hart and Risley (1995) and Rowe (2008) document that children
of poor, uneducated parents are exposed to a much poorer language environment in terms of amount of
words heard. Suskind et al. (2013) make parents aware of the importance of the language environment and
of ways how to improve it, finding that this increases the children’s vocabulary substantially. According
to NICHD (2000), formal child care also tends to provide more supportive, attentive, and interactive care.
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however, is offset by the use of formal child care. The positive effects of formal child
care are stronger for children from households with a low socio-economic status. In
a structural estimation Del Boca, Flinn, and Wiswall (2013) identify conditional cash
transfers as the most efficient way to improve average child quality. In contrast, Griffin
(2011) finds that an expansion of Head Start to families that are now not eligible, would
be more efficient than cash transfers, and would be beneficial because now children
from high quality home environments are spending significant amounts of time in low
quality child care. Also looking at Head Start, Ludwig and Miller (2007) and Deming
(2009) identify positive effects on educational attainment. Havnes and Mogstad (2010)
emphasize that looking only at mean impacts misses a lot. Studying a publicly provided
child care in Norway they detect effects to be positive over most of the distribution, but
particularly large below the median. Again analyzing the large-scale expansion of sub-
sidized child care in Norway, Havnes and Mogstad (2011) provide evidence for strong
and persistent positive effects on children’s’ educational attainment, labor market par-
ticipation, and decreased welfare dependency.

The macroeconomic literature generally focuses on the responsiveness of female
labor supply to child-care subsidies, for which most identify positive responses (At-
tanasio, Low, and Virginia Sanchez-Marcos 2008; Bick 2013; Domeij and Klein 2012;
Guner, Kaygusuz, and Ventura 2012). Few macroeconomic models explicitly include
early childhood education and child care to explain human capital outcomes. Youde-
rian (2013) includes parental time investment in early education as an education impact.
Restricting her analysis to the US, she finds that subsidized private education spending
and adopting paid parental leave would increase human capital, while labor supply de-
creases when introducing paid parental leave.

The differences in female participation in the labor force could be driven by vari-
ous forces, which are not necessarily competing arguments. One driver could be cul-
tural forces, due to which the male is seen as the breadwinner of the family, wherefore
women are more likely to give up/not take up a job in order to care for their children.
In some countries there also seems to be a social stigma attached to mothers of young
children that work, as people assume this might negatively affect the child’s develop-
ment. There exists a well established empirical literature which studies how culture
affects decisions of females. El-Attar (2013) shows that the level of trust females have,
influences whether they are willing to send their child to formal child care. Fernandez
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and Fogli (2005) provide empirical evidence that cultural differences have a significant
effect in explaining fertility and female labor force participation. Another force could
be discriminatory actions in the hiring process, where females are avoided due to the
possibility of them requiring a break induced by childbearing. Institutions could play a
role as well. For instance, paternal work leave facilitates labor market participation of
females and has the potential to reduce a discriminatory wedge in the hiring process.3

Del Boca (2002) and Baker, Gruber, and Milligan (2008) show empirically that
the availability of child care increase the probability of mothers working, while Tekin
(2005) finds that single mothers are highly responsive to child-care provision by in-
creasing their employment and replacing parental and relative care with formal child
care. Blau and Tekin (2007) also estimate a positive effect of child-care subsidy receipt
on the employment of mothers. However, Havnes and Mogstad (2011) find no causal
effect of child-care expenditures on maternal employment.

The rest of the paper is organised as follows. In Section 2.2 stylized facts are pre-
sented, In Section 3.2 the model is specified, which is paramterized in Section 2.5.
Counterfactual experiments are conducted and discussed in Section 2.6. Finally, Sec-
tion 3.5 concludes.

2.2 Stylized facts

In Figure 2.3 the strong positive correlation between female labor supply and public
child-care expenditures is illustrated. If public facilities providing child care are un-
available then households have to invest privately in case both parents work. When
preschool quality depends on private investments then children from poorer households
face a poorer environment (informal child care), whereas richer households can afford
high quality private facilities. In Figure 2.4 it becomes clear that in most countries with
low public child-care and preschool expenditures, the demand for informal child care is
high. Informal child care is likely to be provided by individuals that are not profession-
ally trained to stimulate cognitive and non-cognitive skills of children.

On the one hand, in Figure 2.5 we see that in countries with a large sector of in-

3In Figure 2.9 in the Appendix one can see that paternal weeks of work leave after childbirth are
found to be positively correlated with employment rates of mothers as well as intergenerational earnings
mobility.
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Figure 2.3: Child care expenditures, preschool, and intergenerational earnings persis-
tence
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Figure 2.4: Preschool expenditures and informal child care
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Figure 2.5: Preschool quality and intergenerational earnings persistence

formal child care the intergenerational earnings persistence tends to be higher. On the
other hand, in Figure 2.3 it seems that in countries where more children enroll in public
preschool, the children’s future earnings exhibit a lower correlation with parental earn-
ings. This seems to be especially the case in countries where child-care expenditures
are higher and where the ratio of children to teachers in preschool is lower (Figure 2.5).
This indicates that when the quality of preschool is high and mothers are more likely
work, then intergenerational earnings persistence is low. However, when there is little
supply of public preschool and child care, and females are unlikely to work, then earn-
ings persistence is high. The mechanism could be twofold. First, if fewer females are
working, then more mothers are at home with their children providing a direct channel
of transmission of abilities. Second, if both parents actually do work, they will have to
either invest in private preschool, which generally is costly and of higher quality, or, if
the household cannot afford to do so, arrange for informal child care, which is likely to
be less costly and of lower quality.

In Figure 2.6 (and Figure 2.10 in the Appendix) one can see that cultural forces
might play an important role in determining whether a mother works or not. In Figure
2.6 the negative associations between the share of the population in a country believ-
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Figure 2.6: Attitudes to mothers working, preschool expenditures, and female employ-
ment

ing that a preschool-aged child suffers if a mother works and the employment rate of
mothers, as well as public child-care expenditures are exhibited. In Figure 2.10 in the
Appendix one observes similar correlations, just that instead the survey question asks
whether the family suffers when a mother works.

2.3 Model

In the model time is discrete and an individual can live up to J periods. All individ-
uals run through at least three educational periods composed of one period of child
care/preschool, followed by two periods of primary and secondary schooling. After
three periods with their parents, individuals leave home and might receive an intervivos
transfer from their parents. In the same period they decide whether to attend college or
not. The period in which an individual starts making own decisions when leaving home
is initialized as j = 1, which occurs in the fourth period of an individual’s life. The rest
of life is dedicated to work in order to finance consumption, children’s education, and
saving for retirement, which occurs as of j ≥ 9. Upon retirement individuals receive a

74



pension but might die with an exogenous probability, whereas death takes place with
certainty at the latest at the end of period J.

Throughout working life men provide labor elastically, whereas mothers of preschool-
aged children can decide to work full time, part time, or not at all in order to stay home
with their children. In all other periods mothers also provide labor inelastically.

Labor income can either be consumed, invested in private education of the children,
saved, or passed on to the children as an intervivos transfer when they leave home.
Parents invest in their children because they are altruistic for their children and the dis-
counted future utility flow of their offspring.

The model abstracts from population growth so that the size of the population is
constant. Each household is of mass unity and composed of two adults (one male and
and one female), and additionally during periods j = 3,4,5 two simultaneously born
children of mass unity are present.

The main sources of heterogeneity in the model are that households differ in terms
of their innate ability, accumulated human capital, and assets. The distribution of house-
holds’ state variables x j (ability, human capital, assets, etc.) is summarized by µ j(x j),
where subscript j denotes the period of the life cycle.

2.3.1 Human capital creation

A child is born with innate ability a, which is imperfectly correlated to the parental
innate ability. This can be interpreted as the genetic transmission of learning ability.
Innate ability remains constant over the entire life and is transmitted according to

ln(a′) = ρln(a)+ ε where ε ∼ N(0,σ2
a ), (2.1)

where a is parental innate ability and a′ denotes the offsprings ability. The parameter ρ

is responsible for the correlation in ability between generations, whereas ε is the noise
in the ability transmission.

2.3.1.1 Preschool

The preschool education for children has three components: (i) public provision ge,
(ii) private expenditures ie, and (iii) through the time mothers spent with their children.
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Spending small amounts privately can be interpreted as the before mentioned informal
child care one observes in many countries that lack public provision. Informal child care
is typically provided by a nanny or a grandparent. Large spendings on private preschool
are to be understood as high quality facilities with well trained educators.

The labor supply decision of the mother is given by n ∈ {0, 1
2 ,1}. The time a mother

spends with her children depends on whether she works or not. If she works full time
(n = 1) she provides a fraction λ less of time compared to a mother that does not work.
The quality of the time a mother spends with her child is influenced by her own human
capital h and the efficiency parameter ν . These three time-quality inputs are assumed to
be substitutes and their efficiency is governed by the productivity parameter γe. There-
fore, the following period’s human capital hk of a child is given by

h′k = h0 +a[h0(ge + ie +ν(1−nλ )h)]γe , (2.2)

where h0 is the initial human capital all individuals are born with. Since more able
children learn faster, returns to investment are increasing in innate ability a.

2.3.1.2 K-12 education

Primary and secondary education are commonly referred to as K-12 education, which
in the model children attend in the period two and three of their life. Here the inputs
are public and private education expenditures gm and im, respectively, where subscript
m stands for middle, as this educational stage is between preschool and college. The
efficiency of these substitutes depends on γm, such that

h′k = hk +a[hk(gm + im)]γm. (2.3)

2.3.1.3 College

After three periods individuals leave the parental household and receive an intervivos
transfer b, which is a one time gift by their parents. This gift can be saved in terms
of capital k, spent on consumption c, or used to finance private college expenditures ic.
Borrowing is possible only for those whom enroll into college and they can only take
up a loan in the period they study (more on this in Section 2.3.4). Their borrowing limit
is ψ . Individuals spent time η ∈ {η̄ ,η} in college and work the remaining share of the
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period. Those that drop out only spend a fraction η of the period studying in college,
while the duration of completion is η̄ (where η̄ > η). The curvature of the returns to
investment in college education are governed by γc, such that

h′ = h+a[h(gc + ic)]γc . (2.4)

Completion depends on the college completion probability π(a,h), which is an increas-
ing function in innate ability a and human capital h. The importance of ability and
human capital for completion is determined by ω , and is given by

π(a,h) = 1− eωah. (2.5)

Henceforth, college graduates are considered as skilled (s = 1) and those without a
college degree as unskilled (s = 0).

2.3.2 Labor supply

Each household has two adult members, a male and a female. Males inelastically pro-
vide one unit of labor each period. In all periods females’ labor is supplied inelastically
except for the labor supply of mothers of a preschool child. Mothers of a preschool-
aged child face a disutility of ξ per unit of labor supplied, which can be interpreted as
the cost of joint work for a household where both parents are working. It could also
include the cost from a stigma attached to a mother of a preschool child working. The
cost could be influenced by institutions or the cultural attitudes in society towards young
mothers engaging in wage employment.4 Depending on this cost, the family’s capital,
wage earnings, and public provision of preschool education the mother can decide to
work part-time or full-time, or not work at all.

There are two reasons why female labor supply is inelastic in all periods except
for during early childhood. First, the empirical literature emphasizes that the presence
of preschool children has a substantially larger effect on parental employment than the
presence of older children. Second, parental nurturing in early years has been found to
have the largest impact on skill formation (Abbott 2014).

4Whether institutions are due to attitudes or whether attitudes are shaped by institutions is not inves-
tigated here.
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2.3.3 Wages

The curvature of the life-cycle earnings profile is different for skilled and unskilled.
Wages change over the life cycle, depend on human capital h and the potential periods
of work experience j, and is given by

w(h, j,υ ,s) = hφ0eφ s
1 j+φ s

2 j2+φ s
3 j3+υ , (2.6)

where φ0 controls a level effect in common for both skilled and unskilled. The coef-
ficients φ s

1,φ
s
2, and φ s

3 are intended to capture changes in earnings over the life cycle
through a cubic approximation.

Due to the gender wage gap, working females only earn the exogenous fraction θ

of what males earn. Therefore, total earnings of a household in which both adults are
working is w+θw.

In period j = 1, when individuals take up their first job, the earnings shock υ is
assumed to be equal to zero. In all following periods, υ is meant to capture market luck
and reflects the fact that wages are not fully explained by education. The distribution of
υ is assumed to be given by N(0,συ).

In period j = 3 in which the children are born, the young mother might decide not
to work (n = 0), to work part-time (n = 1/2), or to work full-time (n = 1). Remember,
the household will be missing less than half of its earnings when the young mother does
not work. Therefore, the labor income in that period is given by

w(h, j = 3,n,υ ,s) = w(h, j = 3,υ ,s)+nθw(h, j = 3,υ ,s). (2.7)

A working mother faces two opportunity costs if she decides to work. First, the house-
hold suffers utility cost nξ . Second, she is able to spend less time with the children from
which the children would profit cognitively. These two costs the household will weigh
against the increased consumption and educational investments the additional wage can
accomplish.
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2.3.4 Capital

There is a risk free investment opportunity providing an exogenous rate of return r per
period. Conditional on college attendance, individuals are permitted to borrow up to the
borrowing limit ψ . This can be understood as college enrollment being the eligibility
criteria for access to a loan program. College attendants are only allowed to take out
a loan in period j = 1, when they are actually attending college. Subsequently, the
borrowing limit declines linearly over the following periods so that all debt has to have
been repaid before retirement. An individual that attended college is not allowed to
increase the amount borrowed or take up a loan once the college period has ended.

2.3.5 Government

The government finances public education at the three stages and provides a pension to
retired folks.

2.3.5.1 Public education

The government levies three proportional taxes on labor income to separately balance
the budgets of public preschool, K-12 education, and college. Let Y be the total labor
income and C define total consumption. For public preschool the government balances
the following budget:

τeY = ge. (2.8)

For K-12 education the per capita expenditures are halved because it extends over two
periods, such that

τmY
2

= gm. (2.9)

The public college expenditures per student depend on how many students actually en-
roll in college and how much time η they spend in college. The budget constraint can
be written as

τcY = gc

∫
1college=1(π(a,h)η̄ +(1−π(a,h))η)dµ1(a,h,k), (2.10)

where µ1(a,h,k) is the distribution of ability, human capital, assets of households of age
j = 1 and 1college=1 is an indicator function taking the value one for those that attend
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college and zero otherwise.

2.3.5.2 Social security

Social security benefits p are provided by the government as a function of averaged
potential lifetime earnings, which depend on human capital h and whether the individual
is skilled s.

A consumption tax τv and and additional earnings tax τp are used to finance public
pension expenditures. Let µr summarize the entire distribution of retired folks. For
social security the government has to satisfy the budget

∫
p(s,h)dµr(s,h) = τpY + τvC. (2.11)

Let τ be the sum of all proportional labor income taxes, such that τ = τe+τm+τc+τp.

2.3.6 Utility

Utility from consumption c is given by a constant relative risk aversion utility function.
When children are with their parents, which occurs in periods j = 3,4,5, per-capita
consumption is given by c

ξ
with ξ > 1, such that

u(c) =
( c

χ
)1−σ

1−σ
. (2.12)

Therefore, the present value of the lifetime utility can written as

U =
J

∑
j=1

β
j−1u(c)+β

T
αUc, (2.13)

where α is the altruism felt for the child and Uc is the lifetime utility the child.

2.3.7 Recursive formulation

The life of a household can be separated into 3 stages. First, one makes the college
decision, which in case of graduation does not only lead to a higher h, but also a different
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life-cycle earnings profile due to being skilled (s = 1). Second, one works, has children,
decides on how much to spend on private preschool and K-12 education, and when the
child leaves home passes on a intervivos transfer. Finally, retirement takes place.

2.3.7.1 College decision

For j = 1 the state variables are a household’s capital endowment, which is the intervivos
transfer b received by the parents, the level of human capital as a child hk, and innate
ability a. Let Vj(·) denote the value function of period j, such that V1(b,hk,a) is the
value function of a household of age j = 1 when making the college decision, which is
given by

V1(b,h,a) = max{W (college = 0, ·),W (college = 1, ·)}, (2.14)

where the value of not going to college W (0,b,h,a) is given by

W (0,b,hk,a) = max
c,ic,k′

u(c)+βE[V2(0,k′,h,a,υ ′)] (2.15)

subject to
(1+ τv)c+ k′ = (1− τ)(1+θ)w+(1+ r)b

h = hk

w = hφ0eφ 0
1 j+φ 0

2 j2+φ 0
3 j3

k′ ≥ 0,c > 0.

(2.16)

The value of going to college W (1,b,h,a) is given by

W (1,b,hk,a)= max
c,ic,k′

u(c)+βπ(a,h)E[V2(1,k′,h,a,υ ′)]+β (1−π(a,h))E[V2(0,k′,h,a,υ ′)]

(2.17)
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subject to

(1+ τv)c+ k′+ ic = (1− τ)(1−η)(1+θ)w+(1+ r)b

h =

hk +a[hk(gc + ic)]γc if s = 1

hk if s = 0

η =

η̄ if s = 1

η if s = 0

w = hφ0eφ s
1t+φ s

2 j2+φ s
3 j3

k′ ≥−ψ,c > 0,

(2.18)

where the probability of college completion π(a,h) is given by (2.5). In case of com-
pletion s is equal to one and zero otherwise.

2.3.7.2 Working and parental life

For 2 ≤ j ≤ 8 the state variables are whether one is skilled s, the capital endowment
k, human capital h, human capital of the children hk, innate ability a, and the labor
earnings shock υ . The value function of a household of age j is denoted by Vj and is
given by

Vj(s,k,h,hk,a,υ) = max
c,ie,im,b,k′,n

u(c)−nξ 1 j=3+

βE[Vj′(s,k
′,h,h′k,a

′,υ ′)]+1 j=6αE[V1(b,h′′k ,a
′)],

(2.19)

subject to

(1+ τv)c+ k′+ ie1 j=3 + im1 j=4,5 +b1 j=6 = k(1+ r)+(1− τ)(1+nθ)w

h′k =

h0 +a′[h0(ge + ie +ν(1−nλ )h)]γe if j = 3,

hk +a′[hk(gm + im)]γm if j = 4,5

w = hφ0eφ s
1 j+φ s

2 j2+φ s
3 j3+υ where υ ∼ N(0,σ2

υ)

ln(a′) = ρln(a)+ ε where ε ∼ N(0,σ2
a ) if j = 3

k′ ≥ min{0,max{k,−ψ
8− j

7 }}
c > 0, j′ = j+1,n ∈ {0, 1

2 ,1},

(2.20)
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where 1 j denotes an indicator function, which takes the value 1 in period j and zero
otherwise. The indicator functions are required because mothers can choose not to work
when their children are of preschool age, certain education investments only take place
in the corresponding periods, and the altruistic utility is enjoyed when children leave
home in period j = 6. The expression for assets in the following period, k′, includes the
two restrictions on assets. First, one cannot increase one’s level of debt. Second, the
borrowing limit declines linearly, thereby forcing individuals to repay their college loan
before retirement.

2.3.7.3 Retired

For j ≥ 9 the state variables are skill level s and human capital h, which together deter-
mine pension benefits, and assets k. Therefore the value functions Vj(s,h,k) are given
by

Vj(s,k,h) = max
c,k′

u(c)+βΓ( j)E[Vj′(s,k
′,h)], (2.21)

subject to
(1+ τv)c+ k′ = k(1+ r)+ p(s,h)

c > 0,k′ ≥ 0, j′ = j+1,
(2.22)

where Γ( j) is the survival probability of a household of age j and p(s,h) determines
pension benefits as a function of skill s and human capital h.

2.4 Equilibrium

The interest rate r is taken as exogenous. Labor income is given by the wage process
defined in (2.6). One equilibrium object is the proportional tax rate τp, which is required
to finance social security benefits. The remaining equilibrium objects are the stationary
distribution of agents across states, the borrowing limit, and the public education expen-
ditures dedicated to preschool/child care, K-12, and college.

Let x j summarize the state variables of a household in life-cycle period j.

DEFINITION 2. Given an interest rate r and tax rates (τe,τm,τc,τv), an equilibrium

is such that V1 solves the functional equation (2.14), (2.15), and (2.17) satisfying the

constraints in (2.16) and (2.18), V2≤ j≤9 solves the functional equation (2.19) satisfying
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the constraints in (2.20), V9≤ j≤13 solves the functional equations (2.21) satisfying the

constraints in (2.22), with ic(x1), ie(x3), im(x4), im(x5), c j(x j), k j(x j), and b(x6) as

associated policy functions.

1. Goods market clearing

Y + rK =C+ Ie + Im + Ic (2.23)

Y =
∫ ∫

w(h, j,υ ,s)dµ j(x j)d j (2.24)

C =
∫ ∫

c j(x j)dµ j(x j)d j (2.25)

Ie =
∫

ie(x3)dµ3(x3) (2.26)

Im =
∫

im(x4)dµ4(x4)+
∫

im(x5)dµ5(x5) (2.27)

Ic =
∫

ic(x1)dµ1(x1) (2.28)

2. The government balances budgets (2.8), (2.9), (2.10), and (2.11).

3. The laws of motion Φc, which map from state x1 to x2, are given by (2.4) and

(2.5). The law of motion Φa, which maps from state x2 to x3, is given by (2.1).
The law of motion Φe, which maps from state x3 to x4, is given by (2.2). The law

of motion Φm, which maps from state x4 to x5 and x5 to x6, is given by (2.3). The

law of motion Φs, which maps from state x9 sequentially to all remaining states

(x13 being the last), is given by Γ( j). All remaining transitions between states,

are the transitions of capital from k to k′, which are given the respective budget

constraints, and the transitions between labor shocks from υ to υ ′, which are

independent of each other. The distribution of υ is given by N(0,συ).

A stationary equilibrium is a competitive equilibrium in which policy functions, as well

as public education expenditures and tax rates are constant. The distributions µ j are

stationary.
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2.5 Model paramerization

Given the complexity of the model deriving an analytical solution is not possible, where-
fore the model is solved numerically. While 19 parameters are chosen a priori based on
previous literature or on direct estimates from the data, the remaining 11 parameters are
calibrated to match key statistics in terms of earnings inequality, earnings persistence,
and private education expenditures in the US. The 11 parameters are determined by
minimizing the sum of squared deviation in terms of percentage of 11 model moments
to 11 targets. In the following, the sources of the a priori chosen parameters and targets
are outlined.

2.5.1 Independently chosen parameters

The independently chosen parameters are related to the age structure of the model, pref-
erences, earnings, human capital creation, college, tax rates, and the interest rate.

One period in the model is equivalent to 6 years and J is set to 13, so that individuals
can live up to 96 years. The survival probabilities for retired households are obtained
from Social Security data and are specified in Section 2.8.3 in the Appendix.

The discount rate is 0.98 per year, which results in β = 0.8858. I choose a standard
value in the consumption literature of 1.5 for the intertemporal preference parameter
σ . As standard in the literature the household consumption discount factor χ of 1.4 is
obtained from the OECD modified equivalence scale.

All coefficients of the life-cycle wage schedule, except for φ0, I obtain by estimation
using the Panel Study of Income Dynamics as specified in more detail in Section 2.8.1
in the Appendix. The gender wage gap is taken from the OECD Employment Database
according to which in 2007 women earn 80.2% of what men earn.

A mother of a young child that does work also tends to spend a considerable amount
of active time with her child. According to Heiland and Price (2012) working mothers
on average spend 60% as much time with their children as do those that do not work,
such that λ = 0.4. The initial human capital h0, which every individual is born with, is
normalized to unity.

College completion requires four years of attendance, which given a period length
of 6 years translates into n̄ = 2

3 . Supported by evidence of Stinebrickner and Stinebrick-
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ner (2007) dropping out most frequently occurs after two years of college attendance
(n = 1

3 ). As in Holter (2014) the college borrowing limit is set to 24,658US$ (Lochner
and Monge-Naranjo 2011), which is the maximum amount available under the Stafford
program to which most students are eligible.

Public education expenditures as a share of GDP are taken from the OECD (2013).
The US only spends 0.4% of GDP on public child care and preschool. Given that a
large share of public education expenditures is determined at the local level, I follow
the approach by Restuccia and Urrutia (2004) and Holter (2014) and consider federal
and state K-12 expenditures as public expenditures and local expenditures I allocate to
the private expenditures. From the total public K-12 expenditures of 3.7% of GDP, 13%
come from the federal level and 43% the state, which translates into 2.1% public educa-
tion expenditures for primary and secondary education. At the college level the public
expenditures amount to 1% of GDP. The average consumption tax is set to 9.6% (Vertex
Inc. 2012).

The interest rate is set conservatively to the risk-free return of the average of 3-
month T-bill rates minutes inflation based on data from the Federal Reserve Bank of St.
Louis over the period 1947-2008, which Holter (2014) documents as 1.1% per annum,
wherefore r = 0.0678.

2.5.2 Targets for calibration

2.5.2.1 Earnings

Intergenerational earnings persistence is amongst the highest in the developed world in
the US. According recent estimates in a survey by Corak (2013), earnings persistence
in the US is as high as 0.47, which is the target of ρ , the correlation coefficient of the
innate ability transmission process from parents to children.5 The standard deviation of
the earnings shock συ is pinned down by the Gini of males’ (aged 25-60) hourly earn-
ings before taxes and transfers, which in 2005 was 0.39 (Heathcote, Perri, and Violante
2010). The standard deviation of the noise in the innate ability transmission σa is linked

5Earnings persistence is generally measured as the intergenerational earnings elasticity obtained
by regressing the log of the child’s adulthood earnings on the log of parental lifetime earnings as in
ln(Ychild) = α +β (Yparents)+ ε . The coefficient of interest is β , which captures the percentage increase
in the child’s earnings for a 1% increase of parental earnings above the mean.
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to the variance of log hourly wages of males aged 25-60, which according to Heathcote
et al. (2010) in 2005 was 0.47.

2.5.2.2 Private education expenditures

The parameters governing the returns to investment in education are γe, γm, and γc. As
a target for γe the amount of privately invested funds on preschool/child care is chosen.
According to the Census Bureau report “Who’s Minding the Kids? Child Care Arrange-
ments”, which uses the Survey of Income and Program Participation, households with a
child under the age of 6 in 2008 on average spend 9.300US$ in child care/preschool per
year. In the American Community Survey (ACS) of 2011 provided by the Integrated
Public Use Microdata Series (Ruggles et al 2010) 16,736,779 households in the US
have a child younger under the age of 6. Multiplying this with average expenditures of
9.300US$ this accounts for 1.08% of the GDP of 14369.4 Billion US$ in 2008.

In the US 0.3% of GDP were spent on private K-12 education in 2010, while to-
tal public expenditures on K-12 education in the US in 2010 accounted 3.7% of GDP
(OECD 2013). Following Restuccia and Urrutia (2004) and Holter (2014), I count the
expenditures financed at the local level as private expenditures as well, which account
for 44% of total public expenditures. Therefore, γm, the parameter determining the ef-
ficiency of K-12 investments, is pinned down by private K-12 expenditures accounting
for 1.9% of GDP.

College education in the US is characterized by very high and increasing private
expenditures. In 2010 according to the OECD (2013) private expenditures on college
education summed up to 1.8% of GDP, which serves as a target for γc, the parameter
governing the curvature of returns to college education investments.

2.5.2.3 College and intervivos transfer

In the model a college degree does not only increase the level of human capital of an
individual, but also alters the life-cycle earnings profiles. For college graduates the earn-
ings profile is steeper at younger ages and decreases to a lesser extent when approaching
retirement. Therefore, the remaining wage parameter φ0 is targeted by the college en-
rollment rate. In 2009, of those completing high school, 71% enrolled into college
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according to the National Science Foundation, while the high school completion rate is
estimated at 88% (Heckman and Lafontaine 2010).6 This results in 62% enrolling into
college.

The parameter ω , determining the responsiveness the college completion function
to the level of human capital and ability, is pinned down by the fraction of individuals
completing college, 58% of first-time, full-time students who enrolled at a 4-year insti-
tution in fall 2004 according to the NCES.7

The intervivos transfer b plays an important role financing college education. Using
the National Longitudinal Study of Youth, Abbott et al. (2013) find that between 1997
and 2003 on average 18-24 year olds received 30,566US$ as a gift from their parents.
This serves as a target for α , the altruism parameter.

2.5.2.4 Mothers’ labor force participation

Using the the ACS of 2011, I compute the share of mothers with a preschool-aged child
at home that engage in full- or part-time employment. Full-time employment is 40%
and is used to pin down ξ , the disutility of joint labor supply. Part-time employment is
chosen by 17% of the mothers and serves as a target for ν , the efficiency parameter of
the maternal time input in the children’s human capital creation.

2.5.3 Benchmark results

The calibration’s objective is to minimize the sum of squared deviations in percentage
terms of the 11 moments for which the results can be seen in Table 2.2. The benchmark
calibration successfully matches the intergenerational earnings persistence and earning
inequality in terms of the Gini before taxes and transfers. The targets related to private
education investment at the three educational stages come reasonably close to those en-
countered in the data. In the model, parents on average provide intervivos transfer which
are slightly more generous than in the data. The percentage of individuals enrolling in
college and the share of graduates is matched by the calibration. Mothers’ employment
is matched exactly. While one percentage point more than in the data work full time this
is compensated by one percentage point less working part time.

6See http://www.nsf.gov/statistics/seind12/c1/c1s4.htm.
7See http://nces.ed.gov/fastfacts/display.asp?id=40.
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Table 2.1: Benchmark model parameters
Independently chosen

Description Para-
meter

Value Reference

Coefficient of relative risk aversion σ 1.5 Standard
Discount factor β 0.98 Standard
Interest rate r 0.011 Return 3-month T-bill (1968-2008)
Time for college completion η̄ 4 years Standard
Time for college dropout η 2 years Stinebrickner & Stinebrickner 2007
Wage coefficients non-college φ 0

1 ,φ
0
2 ,φ

0
3 .0001, .014, -.003 PSID (1968 - 2011)

Wage coefficients college φ 1
1 ,φ

1
2 ,φ

1
3 .0301, .051, -.004 PSID (1968 - 2011)

Gender wage gap ν 0.8 OECD
Time working mothers w. child λ 0.6 Heiland and Price (2012)
Consumption tax τv 9.6% Vertex Inc. (2012)
Public exp. on preschool ge 0.36% GDP OECD 2013
Public exp. K-12 gm 2.1% GDP OECD 2013
Public exp. on college gc 1% GDP OECD 2013
College borrowing limit ψ 24,658$ Lochner & Monge-Naranjo 2011
HH consumption discount χ 1.4 OECD modified equivalence scale
Death probability Γ Section 2.8.3 Social Security data
Pension p Section 2.8.2 Social Security data

Calibrated

Description Para-
meter

Value Target Data

Persistence ability transmission ρ .34 Intergen. earnings persist. 0.47
STD of earnings shocks. συ .023 Earnings Gini before tax 0.39
STD of noise in ability trans. σa .43 Variance of log hourly wages 0.47
Elasticity wrt early education γe .39 Private preschool exp./GDP 1%
Elasticity wrt early education γm .28 Private K-12 exp. /GDP 1.9%
Elasticity wrt early education γc .60 Private college exp.s/GDP 1.8%
Parental altruism α .30 Average intervivos transfer 30,566$
Wage level coefficient φ0 .17 College enrollment 0.62
College completion wrt a & h ω -.23 College completion rate 0.58
Utility cost mother working ξ 1.07 % of mothers working full-time 0.40
Efficiency mother time with child ν .012 % of mothers working part-time 0.17
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Table 2.2: Calibration of the US economy
Target Data Model
Intergenerational earnings persistence .47 .47
Gini before tax .39 .39
Variance log wages .47 .52
Private preschool expenditure/GDP .011 .009
Private primary&secondary expenditure/GDP .019 .022
Private college expenditure/GDP .018 .017
Average intervivos transfer 30,566$ 32,005$
Fraction attending college .62 .62
College completion rate .58 .58
% of mothers working full-time .40 .41
% of mothers working part-time .17 .16

The parameter for the correlation in the intergenerational ability transmission, ρ , is
0.34. Given an intergenerational earnings persistence of 0.47, one can argue that earn-
ings persistence is not fully accounted for by genetics but arises endogenously due to
parental investments. The parameter governing the returns to preschool investments,
γe, is 0.38, considerably higher than the efficiency parameter of K-12 investments ,γm,
which is 0.28.8 This is in accordance with the literature claiming that earlier investments
are more efficient than later educational investments (e.g., Cunha and Heckman 2008).
However, the efficiency parameter of college investments, γc, is very high at 0.6, which
reflects the high college premium in the US.

2.5.3.1 Beyond targets

The model comes reasonably close to a range of data moments not explicitly targeted
in the calibration. Concerning the earnings distribution, the model is disciplined to
replicate the Gini. Percentile ratios of earnings of males aged 25-60 documented by
Heathcote et al. (2010), such as the P50/P10 percentile ratio in the data of 2.31 versus
2.49 in the benchmark economy and the P90/P50 percentile ratio of 2.33 in the data
versus 2.18 in the model, are closely aligned. Another relevant characteristic of the US
earnings distribution is that the mean is greater than the median, with a ratio of 1.36

8Empirical estimates in the literature looking at changes in public expenditures, which might suffer
from a downward bias due to neglecting substitution effects of private investments, range from below 0.2
(Card and Krueger 1992, 1996) to 0.4-0.6 (Haley 1976).
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according to ACS of 2011 provided by Ruggles et al. (2010) for employed individuals
between 18 and 66, which in the benchmark economy turns out to be 1.09.

2.6 Counterfactuals

In the following, two channels are exploited to explain cross-country differences in
intergenerational earnings mobility. First, I simulate the model with varying levels of
public preschool expenditures. Second, the disutility of joint work for households with
a preschool-aged child is varied exogenously.

2.6.1 Cross-country differences in public preschool expenditures

The dispersion of expenditures on preschool across countries is large. In the following,
I investigate whether differences in public preschool expenditures can explain cross-
country differences intergenerational mobility. All parameters are left as in the US
benchmark economy, except for τe, the tax rate financing public preschool, which is re-
placed by the share of GDP dedicated to public preschool in the corresponding country.
The analysis is restricted to steady states only and the results are summarized in Table
2.5 in the Appendix.

Only accounting for differences in public preschool expenditures the model on aver-
age is able to explain 17% of the gap in intergenerational earnings persistence between
the US and the 15 OECD countries of which the requisite data was available. Excluding
the South American countries the counterfactual experiment on average accounts for as
much as 30% of the differences in earnings persistence.

Mothers’ labor supply is hardly affected by changes in public preschool expendi-
tures. While this is a surprising finding it does not necessarily contrast the empirical
evidence. While a range of studies do find a positive response of mothers’ labor supply
to public preschool/child care provision, Havnes and Mogstad (2011), for instance, find
that an expansion of childcare in Norway did not lead to a causal change in the labor
market attachment of mothers.

Importantly, the model does not only perform well at explaining differences in earn-
ings persistence on average but also at replicating the patterns observed in the data. In
Figure 2.7 one can see that public preschool expenditures and intergenerational earn-
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ings persistence exhibit a hump-shaped relationship, just as the model generates. This
happens due to the interaction of two complementarities embedded in the model. First,
between innate ability and the returns to investment in preschool education. Second,
the dynamic complementarity between human capital gained in the preschool period
and returns to educational investments in the following periods. In general 22% of the
variation in earnings persistence is explained, which becomes clear in Figure 2.8. The
correlation between the data moments compared to the moments produced by the model
is 0.47.
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Figure 2.7: Public preschool expenditures and earnings persistence in data (red) and
model (blue)

2.6.2 Mothers’ labor supply and intergenerational ability

Given that changes in public preschool expenditures have a negligible effect on moth-
ers’ labor force participation, the previous counterfactual exercise does not shed light
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Figure 2.8: Intergenerational earnings persistence in data and model

on how intergenerational earnings persistence might be affected by mothers working.
In the model, the disutility cost ξ of joint work when the child is of preschool age is the
primary driver of mothers’ work decision.9

In the benchmark case ξ takes the value 1.07. Full-time employment is chosen by
41% of mothers, while 16% decide to work part time. The remaining 57% do not work
at all and stay at home with their children. In the following counterfactual exercise, fe-
male employment is facilitated by lowering, and hampered by increasing ξ exogenously.
Table 2.3 shows the changes in mothers’ employment as well as earnings persistence,
which arise when the value of ξ varies from -10% to +10% of its benchmark value.

Unsurprisingly, total employment of mothers with preschool-aged children is neg-
atively related with the disutility cost of joint work. When the utility cost ξ reduces
by 10% compared to its benchmark value, the employment of mothers increases by 11
percentage points. Less women work part time, but this reduction is compensated by
the increase in full-time employment. Similarly, an increase of 10% of ξ leads to a 14

9Cultural or institutional forces, such as parental leave regulations, could be responsible for cross-
country variations in ξ . See Section 2.2 for further discussion.
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Table 2.3: Counterfactual public preschool expenditures
Mothers’ employment

Disutility ξ Total Full-time Part-time Earnings persistence
-10% .69 .58 .11 .40
-5% .62 .49 .13 .46

Benchmark .57 .41 .16 .47
+5% .50 .35 .15 .48

+10% .43 .33 .10 .51

percentage point reduction of mothers employment. Here both full- and part-time em-
ployment decrease.

Interestingly, when more mothers stay at home with their children, we observe an
increase earnings persistence. This is because the mothers human capital influences the
child’s cognitive development during the time they spend with them. So if now more
mother are at home with their children, human capital is correlated to a larger extent
across generations. Conversely, earnings persistence declines when more mothers are
employed due to the analog mechanism.
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2.7 Conclusions

I introduce a model which includes preschool education as a stage in the human capital
creation process. Children of young age are not only influenced by preschool, but also
by the time input by their mothers. The efficiency of the time input is increasing in the
mother’s human capital. Human capital accumulated early on exhibits dynamic comple-
mentarities with education investments during K-12 education and college. The model
is calibrated to the US replicating key statistics in terms of intergenerational mobility,
inequality, private education investments, and mothers’ labor force participation.

By exploiting differences in public preschool expenditures across countries the model
successfully explains a considerable share of the cross-country variation in intergener-
ational mobility and replicates the hump-shaped association between public preschool
expenditures and earnings persistence. Mothers’ labor supply is found to hardly respond
to changes in public preschool provision.

When exogenously increasing (decreasing) the disutility of joint labor supply, moth-
ers respond by exiting (joining) the labor force. When less (more) mothers participate
in the labor force, intergenerational earnings persistence decreases (increases). This is
due to mothers sacrificing time for work, which otherwise they would spend with their
children.

Three interesting extensions are left to further research. First, the gender wage gap
could be endogenized by penalizing females for accumulating less work experience due
to the time not worked. Second, fertility is treated as constant in the present model but
has been shown to be affected by the key model ingredients. Third, public preschool ex-
penditures and the disutility of joint labor supply for households with a preschool aged
child have been treated separately and as exogenous. A Political Economy approach
in which the disutility of joint labor supply and public preschool provision are jointly
determined could yield interesting dynamics.
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2.8 Appendix

2.8.1 Wage coefficients

In order to compute the coefficients determining the life-cycle earnings profile, I use all
observations of the Panel Study of Income Dynamics (PSID) from 1968 to 2011. The
separate coefficients for those with and without a college degree are estimated exploiting
the panel dimension of the data. In the panel regression, I control for individual and year
fixed effects. In accordance with previous empirical literature (e.g., Kambourov and
Manovskii 2009), college graduates’ earnings profile initially increases more steeply
than those that have no college degree, and drops off less drastically in the years leading
up to retirement.

2.8.2 Social security

Using data provided by the Social Security Administration, I approximate the pension
profile as a function of average lifetime earnings wli f e and average earnings w̄.10 The
share of lifetime earnings provided as retirement benefits is decreasing in average life-
time earnings wli f e, which depend on the level of human capital and whether the in-
dividual is skilled. Including a cubic term of wli f e the estimated profile of pensions p

turns out to be:

p(wli f e(s,h)) = (−0.1117(
wli f e

w̄
)2 +0.6425

wli f e

w̄
+0.1422)w̄. (2.29)

2.8.3 Survival probabilities

During retirement I account for the fact that people might die before age 96. The proba-
bility of survival I obtain from data the Social Security Administration and is exhibited
in Table 2.4.11 First, I take the mean of males and females and then calculate the prob-
ability that an individual will survive until the next period.

10See http://www.ssa.gov/pubs/EN-05-10070.pdf and http://www.ssa.gov/oact/cola/

AWI.html for the tables.
11See http://www.ssa.gov/OACT/STATS/table4c6.html.
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2.8.4 Tables

Table 2.4: Survival probability
Period j Age Survival
9 66-72 .90
10 72-78 .73
11 78-84 .54
12 84-90 .30
13 90-96 0†

† Imposed by author, not obtained from the data.
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Table 2.5: Counterfactual public preschool expenditures
Earnings persistence

Country Public preschool
%GDP

Data Model ∆explained

Argentina .43 .49 .465 -0.49
Australia .06 .26 .389 0.41
Brazil .44 .58 .465 -0.09
Chile .53 .52 .447 -0.57
Denmark .93 .15 .392 0.26
Finland .4 .18 .466 0.03
France .68 .41 .415 1
Italy .44 .5 .465 -0.32
Japan .1 .34 .397 0.60
New Zealand .53 .29 .447 0.16
Norway .43 .17 .465 0.03
Spain .69 .4 .415 0.86
Sweden .71 .27 .415 0.30
Switzerland .19 .46 .472 0.31
United Kingdom .32 .5 .475 0
United States .36 .47 .475
Datasources: Education expenditures from OECD 2013. Earnings persistence from Corak 2013.
Note: The share of a gap between a data moment in the US dUS and another country dcountry
explained by moments m j produced by the model, is calculated using the following definition:

∆ =
(mUS−mcountry)
(dUS−dcountry)

.
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2.8.5 Figures
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Figure 2.9: Paternal work leave and intergenerational earnings persistence (bottom) and
mothers’ employment (top)
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Figure 2.10: Attitudes to mothers working, preschool expenditures, and female employ-
ment
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Chapter 3

Collective Memories as a Driver of
Discrimination

3.1 Introduction

Discrimination against certain social groups over long time periods has been a histor-
ical feature of many societies. For instance, in the United States (US) discrimination
in the form of slavery officially ended in 1865 after more than two centuries, though
racial segregation was maintained in the form of Jim Crow laws until 1965.1 Starting
with the civil rights movements in the early 1960’s, one has seen significant advances
in the rights of blacks with survey responses also indicating improved racial tolerance.
However, today the black population still trails whites in terms of a variety of socio-
economic indicators. In India caste, which is inherited by birth, was a marker for social
discrimination for centuries. At independence in 1947 the practice of untouchability
was made illegal and affirmative action was enshrined in the constitution for the dis-
advantaged sections. However, the lower castes continue to trail significantly behind
the other sections of society on most socio-economic indicators of interest. What con-
tributes to the gap between groups that faced discrimination over long time periods and
those that did not? In what outcomes and why might we observe persistent gaps? Could
discrimination persist due to more subtle channels than the traditionally assumed chan-

1Note that slavery had existed in colonial America since the 17th century but the US as an independent
nation state came into existence only in 1774 and slavery ended 91 years hence.
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nels of taste based discrimination, statistical discrimination, and discriminatory social
norms?

Following Ramachandran and Rauh (2013), we extend their mechanism as to how
discrimination can persist by including various levels of taste discriminators and sug-
gest a range of stylized facts the model could explain. They introduce a channel of
discrimination, where even under perfect observability of individual ability, the absence
of discriminatory social norms, and when taste for discrimination has already died out,
to discriminate can be the optimal response. The theoretical mechanism put forth rests
on the existence of beliefs about discrimination by others in society, and on distinguish-
ing between activities characterized by the need for interlinkages versus no need for
interlinkages. In the model, activities with interlinkages require coordinated actions. If
an individual decides to establish interlinkages she requires the input of two principals
to form a productive unit. The success and return for all three, the individual and the two
principals, is contingent on the participation of all three in the venture. The coordination
failure results from the belief that somebody else might discriminate and the subsequent
refusal to participate in the venture, which imposes losses due to the complementarity
of inputs in the production process.

Activities involving interlinkages are defined as those that involve the input of more
than one individual for the production process to be carried out. The classic exam-
ple would be the case of entrepreneurs who need to establish multiple interlinkages
(productive relations) to be able to start and operate a venture (Basu 2010). In the theo-
retical model, individuals choose between entering activities which require establishing
productive relations and those that do not. Individuals intending to enter activities in-
volving interlinkages are randomly matched with a pair of “principals”, for instance a
lender and a distributor, with whom they need to establish interlinkages to form a pro-
ductive unit. The individual cannot produce without capital and cannot sell without a
distributor. In case one of the principals agrees to participate and the other does not, the
investment of the first principal is held up and imposes a fixed cost. We show how in
the presence of beliefs about discrimination against a certain group, principals without
a taste for discrimination in equilibrium also discriminate against that group. To clarify
the mechanism, picture the following situation: Both the lender and the distributor have
no preference for discrimination against the individual and know she has the requisite
ability to be an entrepreneur. However, the lender (distributor) does not know whether
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the distributor (lender) is a discriminator because historically principals had been dis-
criminating against individuals of her type. He has a belief about the presence of taste
discriminators, which he has been updating through Bayes rule based on past observa-
tions. If the lender believes with a sufficiently high probability that the distributor has a
preference for discrimination, he will reject the loan application. Notice that if the dis-
tributor signs the contract to distribute the goods but the individual has obtained no loan
to produce, as a consequence the distributor loses out, because by setting up the pro-
ductive relation he has foregone the chance for his alternative investment. Therefore, in
the future the distributor will account for the possibility of the individual being matched
with a taste discriminator. The individual also faces a cost because she invested time
and effort to become self-employed but did not manage to do so. Consequently, people
from her type might also refrain from attempting to become self-employed. This leads
us to a persistent equilibrium where able people are not becoming self-employed due to
past discrimination and the resulting coordination failure based on beliefs, which leaves
everybody worse off.2

The model predicts lower participation rates and higher cost of establishing inter-
linkages for the discriminated group relative to the non-discriminated group in equilib-
rium. We show that this result is robust to allowing for communication between the
two principals as long as there are no reputation effects. The model also establishes
conditions under which the steady state equilibrium is characterized by the existence of
discrimination due to beliefs about the existence of taste discriminators, although there
are no taste discriminators left in society. The discriminatory steady state is charac-
terized by lower participation and payoffs for the discriminated group, leading to an
overall welfare loss for society. The persistence of beliefs regarding discrimination in
the steady state are rationalized by presenting evidence that these can be interpreted as
intergenerational transmission of beliefs as collective memory, consistent with utility
maximizing or cultural trait preserving strategies.

The theoretical framework identifies occupational choice, such as self-employment,
as markets characterized by interlinkages, making it a suitable candidate for empirical
scrutiny. We examine the market for self-employment of blacks and whites in the US.
Using data from the General Social Survey (GSS) from the years 1972-2012, we create

2The example of the distributor believing the lender will discriminate is analog and would exhibit the
same outcome.
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proxies for beliefs about and tastes for discrimination against blacks for every region
and year.

The time trends of taste for discrimination and beliefs about discrimination from
the GSS and the self-employment rates for blacks and whites from the Current Popu-
lation Survey (CPS) for the time period 1972-2012 are shown in Figure 3.1.3 Taste for
discrimination against blacks linearly declines over the period, whereas beliefs about
discrimination against blacks as well as the gap between the self-employment rates for
blacks and whites remain remarkably constant over the same time period. Figure 3.1
captures the mechanism and the role of sticky or unchanging beliefs highlighted by the
theoretical model in a snapshot. The unchanging beliefs perfectly correspond to the
invariant gap in self-employment rates over the period analyzed, as predicted by the
theoretical framework. Using a logit model, we find that our proxies for beliefs about
presence of discrimination to be a consistently significant factor in explaining lower
levels of self-employment among blacks in the US. The estimate suggests that reducing
the share of people who believe that discrimination exists by 10% points would increase
self-employment probability of an average black male from 7.3% to 9.3%, an increase
of 28%. The results are robust to the inclusion of year and region fixed effects and a va-
riety of controls such as age, years of schooling, parental income at age 16, and whether
the father was self-employed.

The literature of the economics of discrimination was pioneered by the seminal
work of Becker (1957, 1971). In the setting envisaged, employers hold a taste for dis-
crimination, such that working with members of a particular group imposes a cost on
them, and hence these workers have to compensate the employer by either being more
productive or accepting lower wages. The class of models of statistical discrimination
(Phelps 1972; Arrow 1973; Aigner and Cain 1977; Lundberg and Startz 1983, 1998;
Coate and Loury 1993; Rosen 1997) and categorical thinking (Fryer and Jackson 2008)
rely on the imperfect observability of worker productivity. In absence of complete infor-
mation employers base their decision on easily observable characteristics, such as race
or gender, to infer the expected productivity of the worker. Mailath, Samuelson, and
Shaked (2000) present a model of endogenous discrimination arising from the search
decision of firms. The asymmetric discriminatory equilibrium is supported due to the
belief that there are more skilled available workers of a particular type, which are borne

3See Section 3.3.1 for how the measures of taste and beliefs about discrimination are constructed.
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Figure 3.1: Self-employment rates by race and beliefs and taste regarding discrimination
in the US

out in equilibrium. The third class of models is that of Akerlof (1976, 1985), Kan-
dori (1992), and Peski and Szentes (2013), where not following the established norm
of discrimination against certain groups might result in imposition of social sanctions
which cause economic losses, and hence make discrimination a rational response. In
contrast to the existing literature, in our setting there is no difference in the distribution
of ability between the two groups. It is identical ex-ante and ex-post, there is perfect
observability of ability, and no social norms to discriminate. Moreover, the nature of
the coordination failure highlighted does not allow for a single principal who does not
discriminate to reap the unrealized profits, a possibility traditionally assumed by Becker
(1971), therefore providing a theoretical rational as to why discrimination can persist.
To our knowledge, we are also the first to provide empirical evidence concerning the
channel of discrimination presented theoretically.

Our theoretical model can reconcile many of the recent findings of the empirical
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and behavioral studies on discrimination. Alesina, Mistrulli, and Lotti (2013) find that
banks in Italy charge self-employed women more than self-employed men for credit.
They find that characteristics such as riskiness, type of business, or differential bank
choice cannot explain their result. They also find that the effect is not restricted to any
particular geographical region and taste based indicators of discrimination cannot ex-
plain the pattern. As women businesses need to establish interlinkages, beliefs of banks
that potential productive male links might discriminate against women, might result in
banks discriminating against women too. Consistent with our theoretical model the
authors find that that banks discriminate more against women in sectors, where men
dominate, and can be interpreted as being more likely to be matched with a discrimina-
tory male link.

The mechanism put forth is also a plausible explanation for features highlighted in
data for the market for self-employment in India and Sweden. In India the Schedule
Castes and Schedule tribes, both historically discriminated groups in India, are rela-
tively more underrepresented in urban rather than rural areas in terms of non-farm en-
terprise ownership, even though taste based discrimination is higher in rural areas (Iyer,
Khanna, and Varshney 2011). Observe that coordination failures in urban markets are
more likely as they are anonymous, so even if taste for discrimination is higher in the
rural than urban settings, it could well be the case that the coordination failures in urban
areas outweighs the taste for discrimination effect in rural areas, leading to the outcome
observed in the data. In Sweden, a country where women’s labor force participation rate
is very high and according to the wave of 2005-2007 of the World Values Survey only
0.4% of the male population strongly agree that men make better business executives
than women, has among the lowest level of self-employment for women in the EU. On
the one hand, agreeing that men make better business executives could be interpreted
as taste based discrimination, which is very low in Sweden. On the other hand, 43%
of the Swedish sample mention “Discrimination against women and girls” as one of
the two most pressing problems facing the country, which we interpret as beliefs about
about discrimination. Moreover, Swedish males have the lowest taste based bias against
women across all 39 countries in the sample, while beliefs about discrimination are the
second highest. Our model explains how these stylised facts could lead coordination
failures driving the gap in self-employment rates.

Daskalova (2013) documents in a lab experiment that people who do not discrimi-
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nate when making decisions individually, discriminate while making joint decisions due
to beliefs about what their co-decision maker will do. Albrecht et al. (2013) find that
in the lab individuals are conservative in updating their beliefs, which points to another
channel through which beliefs regarding discrimination might become sticky over time
and be an important determinant of outcomes for the discriminated group.

Our model can also reconcile why some groups are overrepresented in markets that
require strategic complementarities. The dominance of particular ethnic groups in cer-
tain professions (Greif 1989, 1993; Banerjee and Munshi 2004) could be seen as ethnic
enclaves which help secure complementary support from other individuals and over-
come coordination failures. In order to avoid discrimination in the open market mi-
nority groups might turn to other ethnic group members which are concentrated in few
professions. The benefit, however, would have to be weighed against the restriction on
occupational choice that might arise due to ethnic enclaves being effective gate keepers
to certain professions. A Pakistani immigrant arriving in Barcelona and wanting to be-
come self-employed might not have have a strong preference to run a small convenience
store, but given that there exists an infrastructure of Pakistani immigrants that can pro-
vide complementary support, while attempting interlinkages with domestic residents
potentially exposes the immigrant to discrimination, expected returns based on beliefs
might be highest by setting up a convenience store. Bare in mind that again the actual
presence of taste based discriminators is not necessary, the belief is sufficient. Card,
Mas, and Rothstein (2008) assume that when black people move into a neighborhood,
white neighbors with a distaste for blacks will change neighborhoods. People without
a distaste for black neighbors will also sell their property and move if they anticipate
a drop in property prices. Why might someone fear a drop a property prices? If he
believes that amongst his neighbors some have a taste for discrimination and will move
away. We show that the presence of neighbors with a distaste for black neighbors is not
required to trigger the segregating dynamics, the belief is sufficient, hence providing an
alternative explanation for the phenomenon of racial tipping points in the US.

The rest of the paper is organized as follows: Section 3.2 presents the theoretical
model, Section 3.3 provides empirical support of our theory, Section 3.4 evaluates pol-
icy tools and extends applications to other fields, and Section 3.5 concludes.
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3.2 The model

In the following the basic model, which extends the one of Ramachandran and Rauh
(2013), is specified. Then we characterize the solution of the static game with and
without discrimination, followed by the dynamic game and the belief updating process.

3.2.1 The basic framework

The society consists of individuals i of two types si ∈ {A,B}. The types A and B form
social groups based on visible characteristics which do not influence performance (e.g.,
race, gender). Individuals of type A and B belong to the finite, large sets A and B,
respectively.4 The individuals have an ability ai, where a is distributed uniformly over
[0,1]. Ability ai ∈ [0,1] reflects productive capacity and is perfectly observable to all.
For sake of simplicity we are dropping the index i in what follows.

Individuals can opt to engage in one of the two possible kinds of productive activi-
ties in the economy (L ∈ {0,1}) - those that involve establishing interlinkages (L = 1)
with other agents, who are referred to as “principals”, and those that do not involve es-
tablishing interlinkages(L = 0). In case the individual i of type s decides to engage in
an activity that does not involve establishing interlinkages with other principals in the
economy, she earns a net income on her activity equal to the level of her productivity,
which is given by:

W = GNL(a) = a, (3.1)

where GNL is the production function of activities not involving interlinkages. On the
other hand individuals have the option of engaging in the activity which involves estab-
lishing interlinkages with other principals, and earn a gross income equal to:

W = GL(a,C) where
dGL

da
≥ 0 ,

dGL

dC
≥ 0 and

dG2
L

dCda
≥ 0, (3.2)

where GL is the production function for activities involving interlinkages. The above
production function GL captures the notion of interlinkages. Activities requiring inter-
linkages imply that the gross income from this activity depends upon not only on the

4The assumption of large sets is to ensure that any single individual does not have any market power
and collusion cannot take place.
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individual’s own ability a, but also on C. The component C captures the interlinkages or
productive relations individual i is able to establish with the “principals” in the economy,
which are necessary for the production process. Interlinkages refer to the fact that the
production in such activities is a joint process and requires input from multiple sources.

A simple example to fix ideas for activities that are characterized by the need to es-
tablish interlinkages, is the market for self-employment. For example, the entrepreneur
might require capital in the form of a loan from a bank (lender) to produce the goods and
also may need to have an agreement with a distributor, who will be willing to distribute
his goods. The example with the requirement of productive relations with two princi-
pals, a distributor and a lender, is only for illustrative purposes and could be extended to
n-players or include any other contact necessary to setup a successful enterprise (e.g.,
supplier, landlord to rent office). Both components (loan, distribution route) are neces-
sary and cannot be substituted through ability.

In order to keep our analysis tractable, we assume that any individual wanting to
engage in the activity that involves establishing interlinkages needs to establish produc-
tive relations with two principals P ∈ {p1, p2} in the economy. In light of the above, the
component C in (3.2) is defined as:

C = Y (cp1,cp2) where
d2Y (cp1,cp2)

dcp1dcp2

≥ 0, (3.3)

where cp1 and cp2 refer to the decisions by the principal P ∈ {p1, p2} of whether to
establish productive relations, which are given by cP ∈ {0,1}. We only allow for pure
strategies, such that the two principals decide whether to establish the relation (cP = 1)
or not (cP = 0). Moreover, it is assumed that in case the principals decide to establish
a productive relationship with the individual, they need to make an investment, which
is normalized to unity. The incentive for engaging in activities that involve establishing
interlinkages arises as complementary investment by the principals results in a boost
in productivity, captured by the factor λ (> 1) in the production function GL. We can
now represent the productivity or gross income for individual’s engaging in activities
involving interlinkages by:

GL(a,C) = λcp1cp2a. (3.4)
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The above functional form exhibits an extreme form of complementarity in the actions
of the principals P, implying:

GL(a,Y (cp1 ,0)) = GL(a,Y (0,cp2)) = 0. (3.5)

The intuition is that establishing a relationship with both principals P ∈ {p1, p2} is re-
quired for the individual to produce and be successful.5

DEFINITION 3. Throughout the paper we will refer to those who decide between

entering activities involving interlinkages or not as individuals of type s ∈ {A,B}, and

to the complementary agents necessary for the production process P ∈ {p1, p2}, as

principals.

3.2.2 The static game

The individuals i decide whether they want to engage in activity that involve no inter-
linkages or whether to enter into activities involving interlinkages by trying to establish
productive relations with the principals. As already noted, individuals who decide to
enter activities involving no linkages earn a net income equal to their ability a.

The individuals wanting to enter activities involving interlinkages are randomly
matched with a pair of principals, p1 and p2, in the market every period to try to es-
tablish productive relations. The principals have an outside opportunity of a risk free
investment yielding interest r per unit invested. To establish a productive relationship,
and in return for the investment in their activity by the principals, they offer an amount
σP to each of the principals as repayment for the investment. In case this offer is re-
jected by any one of the principals, the attempt to enter the activity with interlinkages
fails and the individual i faces a fixed cost δ from the effort exerted (observe that (3.4)
implies production is contingent on the participation of both principals). She then enters
the activity not involving interlinkages and earns a net income of (a−δ ).

The offer of σP made by the individual to the principal arises as a solution of a Nash
bargaining process over the surplus generated from the activity involving interlinkages

5For ease of exposition we are assuming perfect complementarity. However, the results presented
later qualitatively hold for weaker forms of complementarity as well.
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compared to the alternative involving no interlinkages. The bargaining takes place be-
tween only one principal and the individual, without communication between p1 and
p2.6 In light of the production function given by (3.4), the outcome is dependent on
what decision the other principal (henceforth denoted by −P) makes. Hence, P has a
belief concerning the likelihood of the other principal accepting the offer as well.7 If P

accepts an offer which the other principal rejects, then he is not able to obtain r from the
risk free investment in the given period due to his capital being bound and not yielding
any interest.

Due to random matching and the absence of perfect competition, the interaction
between the individual and the principal is characterized by a monopoly versus monop-
sony, commonly referred to as bilateral monopoly. Both have one shot at earning a
surplus compared to their outside option. Assuming equal bargaining power and linear
utility functions in payoffs, the bargaining solution, resulting in offer σP, is character-
ized by the disagreement point d = (di,dP) = (a− δ ,1+ r) and the maximization of:

(σP−1− r)(λa−σP−σ−P−a+δ )⇒ σP =
(λ −1)a−σ−P + r+δ +1

2
. (3.6)

Now assuming i makes the same offer to the two principals, such that σP = σ−P, the
Nash bargaining solution is given by:

σ
N(a) =

(λ −1)a+ r+δ +1
3

. (3.7)

This Nash bargaining solution is a function of a, which we will denote as σN(a). In
order for P to accept this offer, we require the amount she expects to be repaid to be at
least what she can earn through the risk free investment, i.e. (1+ r).

Let the state variables x = (a,s) be given by the ability a and type s of an individual
i. The utility of the individual is Vi(x), which will either be given by the utility of not
establishing interlinkages V NL

i (x), or by the expected utility of attempting to establish

6Communication could be allowed between the two principals and would not change our results if we
assume costly communication or no reputation effects. Without reputation effects moral hazard problems
would arise as there would be no gain from admitting when one was not willing to establish the productive
relation.

7We disregard higher order beliefs, even though they would additionally speed up the contagion-effect.
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interlinkages EC[V L
i (C,x)]. Formally the static game for the individual can be written as

Vi(x) = max
L∈{0,1},σ∈R+

{V NL
i (x),EC[V L

i (C,x)]} (3.8)

subject to EC[V L
i (C,x)] = λC(a−2σ)+(1−C)(a−δ ) if L = 1

V NL
i (x) = a if L = 0,

(3.9)

C = cp1cp2, (3.10)

and
σ ≥ σ

N(a). (3.11)

For the principal the static game concerning her decision cP ∈ {0,1} is represented
by

VP(x,σ) = max
cP∈{0,1}

{V c0
P ,Ec−P [V

c1
P (c−P,x,σ)]} (3.12)

subject to Ec−P[V
c1
P (c−P,x,σ)] = c−Pσ +(1− c−P) if cP = 1

V c0
P = 1+ r if cP = 0.

(3.13)

Given σN(a) from (3.7) it is now possible to calculate the lowest ability individual,
denoted by a′, who could possibly offer the principal a share dominating the risk free
investment, and is given by:

σ
N(a) =

λa+ r+δ +1
3

≥ 1+ r⇒ a′ =
2(1+ r)−δ

λ −1
. (3.14)

Now looking at the participation constraint of the individual, we require that λa−
2σN(a)≥ a, such that

⇒ a∗ =
2(1+ r+δ )

λ −1
. (3.15)

Since a∗ > a′ only individuals with a ≥ a∗ will intend to enter activities involving in-
terlinkages and, as long as there is no taste for or belief about discrimination, will be
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accepted.8

DEFINITION 4. Let a∗ be the individual with the lowest ability, from both groups

s ∈ {A,B}, who wants to enter activities involving interlinkages in the absence of dis-

crimination.

3.2.3 Discrimination in the static framework

The static game outlines the decision making process and identifies the lowest ability
type a∗ from both groups s ∈ (A,B) who enter into activities involving interlinkages.

Now assume that individuals believe that a subset of the principals have a taste for
discrimination.9 The taste for discrimination is in the Beckerian sense and can be un-
derstood as a cost/disutility which the individuals believe the principals with taste for
discrimination face when they decide to establish a productive relation with a B-type
individual in society.

The belief regarding the presence of taste discriminators implies that the probability
of discrimination occurring has to be taken into account while deciding on the optimal
course of action. Due to the random matching the probability of meeting a principal
with a taste for discrimination is equal to what is believed to be the share of total taste
discriminators in society. As the share is not observable, decisions are conditioned on
beliefs based on a common prior about the share of discriminators amongst the princi-
pals and individuals. In particular, we assume that indiviudals and the principals believe
that ϕh proportion of principals have a high taste for discrimination with taste equal to
bh > 0 and ϕl proportion of principals have a low taste for discrimination with taste
equal to bl (0 < bl < bh).10 A simplified extensive form game tree assuming only a
single level of taste discriminators can be found in Figure 3.2 in the Appendix.

From the static model, without discrimination, we know that the minimum offer that
will be accepted by a principal without a taste for discrimination is σN(a) ≥ (1+ r),
i.e. a return greater than the risk free investment. Observe that any offer σN(a) ≥

8Similar to Lucas (1978) in our model only the most able want to enter the activity involving inter-
linkages such as entrepreneurship.

9How this belief can arise and sustain itself is discussed in the next subsections.
10In Ramachandran and Rauh (2013) only a single level of taste discriminators is considered. By

extending the model to two levels, high and low, we show that it can be extended to n levels, thereby
mimicking a continuous distribution of levels of discriminatory taste when n is sufficiently large.
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(1+ r+bh) is always accepted, even by principals with a high taste for discrimination,
as it compensates for the taste for discrimination. This implies that offers in the range
(1+ r+bl)<σN(a)<(1+ r+bh) could be subject to discrimination only from the prin-
cipals with the high taste, whereas offers in the range (1+r)<σN(a)<(1+ r+bl) could
be discriminated upon by both high and low taste discriminators. Individuals and prin-
cipals are expected payoff maximizers. In light of the above, discrimination is defined
in the following manner:

DEFINITION 5. An offer of σN(a) > 1 + r, which is rejected by any principal, is

defined as a case of discrimination.

The individuals of the B-type now take the probability of meeting a discriminator in
the market into account while deciding on their optimal course of action.

DEFINITION 6. Let us denote by a∗h the lowest ability type such that σN(a∗h) = 1+r+

bh, by a∗l the lowest ability type such that σN(a∗l ) = 1+r+bl , and by ab the ability of an

individual who is indifferent between offering (1+r+bh) to each principal and entering

an activity not involving interlinkages, i.e. V NL
i (x)=V NL

i (ab,B)= ab =EC[V L
i (C,(x)] =

EC[V L
i (C,(ab,B))].

All individuals with ability a ≥ a∗h offer σN(a)≥ 1+ r+bh and will never be dis-
criminated against. The individuals in the ability range a∗ ≤ a < a∗l face potential dis-
crimination from both high and low taste discriminators. The individuals in the ability
range a∗ ≤ a < a∗l compare the expected payoff from each of the four actions available
to them, given by:

E[Vi(x)]=



(1−ϕl +ϕh)
2(λa−2σN(a))+(1− (1− (ϕl +ϕh)

2)(a−δ ) if (L = 1,σ = σN(a))

(1−ϕh)
2(λa−2(1+ r+bl))+(1− (1−ϕh)

2)(a−δ ) if (L = 1,σ = 1+ r+bl)

λa−2(1+ r+bh) if (L = 1,σ = 1+ r+bh)

a if L = 0.

From applying for the activity involving interlinkages (L = 1) and offering the Nash
bargaining solution the expected payoff depends on the belief about the share of high
(ϕh) and low (ϕh) taste discriminators. By offering each principal (1+ r+ bl) the in-
dividual escapes the low taste discriminators but still potentially faces discrimination
from the high taste discriminators. The strategies of offering (1+ r+bh) and escaping
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potential discrimination (from both types) as well as from entering the activity involv-
ing no interlinkages provide certain payoffs. The individuals choose whichever profile
(L,σ) maximizes their expected payoff.

On the other hand individuals in the ability range a∗l ≤ a < a∗h face potential dis-
crimination from only high taste discriminators and compare the expected payoff from
each of the three actions available to them, given by:

E[Vi(x)]=


(1−ϕh)

2(λa−2σN(a))+(1− (1−ϕh)
2)(a−δ ) if (L = 1,σ = σN(a))

λa−2(1+ r+bh) if (L = 1,σ = 1+ r+bh)

a if L = 0

From applying for the activity involving interlinkages (L = 1) by offering the Nash bar-
gaining solution, the expected payoff depends on the belief ϕh about the share of high
taste discriminators. From offering each principal (1+ r+ bh) and escaping potential
discrimination as well as from entering the activity involving no interlinkages the pay-
offs are certain.

The principals with no taste for discrimination, when facing an individual of the B-
type in the ability range a∗ ≤ a < a∗l that offers σN(a), compare their expected payoff
from accepting their offer to the risk free investment:

E[VP(x)] =

(1− (ϕh +ϕl)σ
N(a)+ϕh +ϕl if cP = 1

1+ r if cP = 0,

and when facing an individual of the B-type in the ability range a∗l ≤ a < a∗h that of-
fers σN(a), compare their expected payoff from accepting their offer to the risk free
investment:

E[VP(x)] =

(1−ϕh)σ
N(a)+ϕh if cP = 1

1+ r if cP = 0,

The principals with a taste for discrimination equal to bl reject the Nash bargaining
solution when facing an individual in the ability range a∗ ≤ a < a∗l . When they face
an individual with ability in the range a∗l ≤ a ≤ a∗h they calculate their expected payoff
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from establishing a productive relationship or their risk free option, i.e.

E[VP(x)] =

(1−ϕh)σ
N(a)+ϕh−bl if cP = 1

1+ r if cP = 0.

Finally the principals with a taste for discrimination equal to bh always reject any σN(a)

offered by a < a∗h.
Now we have seen how discrimination has spilled over to those principals without a

taste for discrimination, as they now account for the probability of the individual being
matched with a principal who is a taste discriminator. This occurs, as the production
process requires the inputs of the individual and the two principals. In case the principal
P accepts and the counterpart −P rejects the individual’s offer, the principal P will
lose his risk free return r. Thus, the principal P, due to the belief that the individual
might face discrimination from principal −P, also ends up discriminating against the
individual of type-B.

Observe that the taste for discrimination against B-type individuals does not affect
the A-types in the market. The A-types play the identical game as in the static framework
without discrimination. All individuals of the A-type with a≥ a∗ still offer σN(a), as in
the static game without beliefs about discrimination, and are accepted.

For the B-types, first observe that for any given a,

λa−2σ
N(a)≥ (1−(ϕh +ϕl))

2(λa−2σ
N(a))+(1−(1−(ϕh+ϕl))

2)(a−δ ), (3.16)

such that the expected payoff of establishing interlinkages, ceteris paribus, is always
greater for the individual if either or both of ϕh or ϕl are greater than zero . The lowest
ability individual, who applies to enter activities with interlinkages in the absence of
beliefs about discrimination, is given by a∗, which implies:

λa∗−2σ
N(a∗) = a∗ > λa−2σ

N(a)≥

(1− (ϕh +ϕl))
2(λa−2σ

N(a))+(1− (1− (ϕh +ϕl))
2)(a−δ ).

(3.17)

Equation (3.17) and the fact that the payoff from offering the Nash bargaining solution
is strictly increasing in a implies some value of a > a∗ will solve the equation such that:
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λa−2σ
N(a)≥ (1− (ϕh +ϕl))

2(λa−2σ
N(a))+(1− (1− (ϕh +ϕl))

2)(a−δ ) = a.

(3.18)

DEFINITION 7. Let us denote by adb the lowest ability type from group B who wants

to apply for interlinkages in the presence of beliefs about discrimination.

In the equilibrium of the static game with beliefs about discrimination, all A-types
with a ≥ a∗ apply to enter activities involving interlinkages, offer the Nash bargain-
ing solution, and are successful. For the B-types, if adb < ab, only individuals with
a ≥ adb > a∗ apply to enter activities involving interlinkages, offer the Nash bargain-
ing solution, and are successful.11 On the other hand, if adb > ab, individuals with
a≥ ab > a∗ apply to enter activities involving interlinkages and are successful. The in-
dividuals a > adb offer the Nash bargaining solution same as their A-type counterparts.
However, individuals in the ability range ab ≤ a < adb offer (1+ r+ bh) > σN(a), an
offer strictly greater than the ones offered by the A-types in the same ability range.

Beliefs about discrimination, hence, have two potential effects: (i) if adb < ab, indi-
viduals of B-type in the range a∗ ≤ a < adb, enter activities involving no interlinkages
whereas A-types of the same ability enter activities involving interlinkages and enjoy the
associated surplus, and (ii) if adb > ab, individuals of B-type in the range a∗ ≤ a < ab,
enter activities involving no interlinkages, whereas A-types of the same ability enter
activities involving interlinkages and enjoy the associated surplus. On the other hand B-
types in the range ab ≤ a < adb enter activities involving interlinkages, but pay a higher
price to the principals than the A-types in the equivalent ability range.

3.2.4 The dynamic game and the belief updating process

In the previous subsection we assumed that there was a certain belief regarding the prob-
ability of meeting a taste discriminator in society. In light of this we characterized the
optimal decisions in a static framework.

We now extend the framework and allow for the game to be repeated every period.
We assume that the taste for discrimination arises due to a shock to the taste of a subset

11Recall ab is defined as the ability type from group B who is indifferent between offering (1+ r+bh)
to each principal and entering an activity not involving interlinkages.
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of principals in society at time t0. It is assumed that π0,h proportion of principals de-
velop a high taste for discrimination with the taste equal to bh > 0 and π0,l proportion of
principals develop a low taste for discrimination with the taste equal to bl (0 < bl < bh),
against establishing a productive relation with B-type individuals. The origins of the
shock which result in creating a taste for discrimination among a subset of the princi-
pals is not the focus of the paper and can arise due to various reasons. An example
could be the incidents of September 11th 2001, which resulted in discriminatory actions
against Muslims in the US (e.g., Kaushal, Kaestner, and Reimers 2007).12

In the dynamic game, a principal P exits the market with exogenous probability ω

every period. The probability ω is not known to anybody in society. A principal with-
out a taste for discrimination replaces the exiting principal, such that at some point no
principals with a taste for discrimination will be left. Therefore, if we define the share
of principals with a high and low taste for discrimination in period t = 0 to be π0, j for
j = l,h, the probability that an individual i is matched with a principal with high or low
taste for discrimination in period T is π0, j(1−ω)T .

Since neither πt, j nor ω are common knowledge, decisions are conditioned on be-
liefs about the share of discriminators amongst the principals, which are updated through
observations of discrimination in the market.13 We assume that the event which creates
a taste for discrimination also creates a common prior among individuals and princi-
pals.14 The common prior is assumed to have a distribution denoted by η

j
0 , capturing

the probability of meeting a principal with a taste for discrimination equal to b j. The
common prior η

j
0 is modeled as having a beta distribution. More specifically, it is as-

sumed that the individuals and principals believe that the share of principals with taste
b j has a beta distribution with parameters α

j
0 and β

j
0 . Moreover, we denote the den-

sity of the distribution η
j

0 by θ j. The beta distribution captures the belief regarding the
probability of meeting a principal with a taste for discrimination through its expected

12The assumption that shocks do not work the other way, i.e. people immediately forget the past
existence of discrimination due to sudden events today, is justified by the literature on trust and beliefs
which shows how persistent past beliefs are in shaping today’s actions. See section 3.2.7 for discussion
and references.

13The definition of a case of discrimination is provided in Definition 5.
14The results do not hinge on the prior. Given that in our envisaged setting taste for discrimination is

assumed to exist for a long time period we do not want to emphasize the importance of the prior. In an
earlier version of this paper, using a frequentist approach based on case based decision theory (Schmeidler
and Gilboa 2001), we actually show that no prior is required for the discriminatory equilibrium to hold
once taste for discrimination has died out.
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value, or the mean of the distribution.

ASSUMPTION 1. The probability parameter capturing the share of lenders with a

taste for discrimination equal to b j in period t0 is given by θ(η
j

0)∼ beta (α
j

0 ,β
j

0 ).

The above distribution implies that the density function associated with facing a
discriminator with taste b j in period t is given by:

θ(η
j

t )=
(η

j
t )

α
j

t −1(1−η
j

t )
β

j
t −1

beta(α j
t ,β

j
t )

=
(α

j
t +β

j
t −1)!

(α
j

t −1)!(β j
t −1)!

(η
j

t )
α

j
t −1(1−η

j
t )

β
j

t −1 for j = h, l .

(3.19)
The beta distribution gives us a density on [0,1], which captures the beliefs held by the
individuals and principals regarding η

j
0 . As the individuals and principals will need to

decide on optimal actions based on their beliefs, and all individuals and principals are
assumed to be risk neutral, the individuals and principals use the expected value of the
distribution, which is given by E(η j

t ) =
α

j
t

α
j

t +β
j

t
. This is the point at which the density of

the distribution takes its highest value.
The belief updating process of the principals and individuals is characterized by a

standard Bayesian approach. Assume that in any period t, nt individuals of the B-type
applied to enter the market characterized by the need for interlinkages and kt cases of
discrimination are observed in the market. Out of the total of nt cases, assume that ntl

made offers such that 1+ r < σN(a)< 1+ r+bl and let nth denote the total number of
individuals who made offers such that 1+ r < σN(a)< 1+ r+bh.

Suppose that out of the total kt cases of discrimination, kh
t cases involved offers such

that σN(a) ≥ 1+ r + bl , implying that these were offers which could have been only
rejected by principals with taste of discrimination equal to bh. Let ku

t cases be such
that kh

t + ku
t = kt and the offers associated with them be such that 1+ r < σN(a) <

1+ r+ bl . This implies that the ku
t cases of discrimination could have been either due

to high or low type discriminators. In order to update their beliefs the individuals and
principals allot a proportion of the ku

t cases of discrimination to high type discriminators
and the remaining to low type discriminators based on their period t−1 beliefs. More
specifically, define kuh

t to be the number of cases in ku
t , which can be attributed to high

type discriminators, and kul
t to be the number of cases in ku

t , which can be attributed to
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low type discriminators. Therefore,

kuh
t =

E(ηh
t−1)

E(ηh
t−1)+E(η l

t−1)
ku

t and kul
t =

E(η l
t−1)

E(ηh
t−1)+E(η l

t−1)
ku

t . (3.20)

The principals and individuals allot the cases of discrimination of which they do not
know whether they are due to high or low type discriminators according to their relative
expected shares.

ASSUMPTION 2. It is assumed that all market transactions in terms of the offers made

and rejected are common knowledge.15

The above implies that the total number of cases pertaining to high type discrim-
inators are equal to kh

t + kuh
t , while the total number of cases pertaining to low type

discriminators is equal to kul
t . The posterior function for θ(η

j
t−1) is given by:

θ(η
j

t |k
j
t + ku j

t )∼ beta(α j
t−1 + k j

t + ku j
t ,β

j
t−1 +n1 j− k j

t − ku j
t ). (3.21)

The above outlines the Bayesian belief updating procedure used by individuals to update
their beliefs regarding the probability of meeting a high or low type principal with taste
for discrimination. The posterior probability densities are given by θ(η

j
T |∑

T
t=1(k

j
t +

ku j
t )) ∼ beta(α j

0 +∑
T
t=1(k

j
t + ku j

t ),β
j

0 +∑
T
t=1 nt j−∑

T
t=1(k

j
t + ku j

t )) for j = l,h. The as-
sociated expected value or the point probability estimate used by the individuals and
principals to make their optimal decision are given by:

E(η j
T ) =

α
j

0 +∑
T
t=1(k

j
t + ku j

t )

α
j

0 +β
j

0 +∑
T
t=1 nt j

.

DEFINITION 8. Let ϕ
j

t = E(η j
t−1) for j = l,h be the probability individuals and prin-

cipals assign to a being matched with a principal with a taste for discrimination equal

to b j.

The decision-making rules of the individuals and principals imply that the probabil-
ity of entering an activity involving interlinkages for a B-type individual in any period T

15We relax this assumption in Ramachandran and Rauh (2013) to allow the individuals and principals
to observe only a subset of all the market transactions and show that the results remain qualitatively
unchanged.
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will depend upon his ability a, the actual share of taste discriminators π
j

0(1−ω)T , and
his beliefs regarding the share of taste discriminators in society ϕ

j
T . We can thus express

the probability of entering an activity involving interlinkages for a B-type individual as
a function of the above three factors, i.e.

f (a,π j
0(1−ω)T ,ϕ

j
T ). (3.22)

It is easy to see that the probability of entering an activity involving interlinkages is
increasing in ability and declining in the actual share and the belief regarding the pro-
portion of taste discriminators in society, i.e. f1 > 0, f2 < 0, and f3 < 0, where the
subscripts refer to the first, second, and third argument of the function. In the following
section we explicitly test for the predictions of our model using the above function f .

3.2.5 Characterization of the dynamic steady state equilibrium un-
der no remaining taste for discrimination

The channel of discrimination that we put forth works on the premise that even once all
principals with taste for discrimination have died out, to discriminate against members
of group B may remain as the optimal action. In what follows, we address whether
discrimination can exist, and if it can, under what conditions does it exist, for how long
does it persist, and in what form does it manifest itself. Let us denote by T ∗ the first
period in which no principals with taste for discrimination remain in the economy. The
probability density function, given the beliefs and the Bayesian updating rule used, for
meeting a principal with a taste for discrimination is given by:

beta(α j
0 +

T ∗

∑
t=1

(k j
t + ku j

t ),β
j

0 +
T ∗

∑
t=1

nt j−
T ∗

∑
t=1

(k j
t + ku j

t )). (3.23)

The associated probability point estimates for meeting a high and low taste discriminator
is given by:

ϕ
h
T ∗ =

αh
0 +∑

T ∗
t=1(k

h
t + kuh

t )

αh
0 +β h

0 +∑
T ∗
t=1 nth

and ϕ
l
T ∗ =

α l
0 +∑

T ∗
t=1(k

ul
t )

α l
0 +β l

0 +∑
T ∗
t=1 ntl

. (3.24)
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It is clear that all B−type individuals with a ≥ a∗h, will offer their Nash bargaining so-
lution and be accepted.16 The form of discrimination and the length for which it will
persist will depend on ϕh

T ∗ and ϕ l
T ∗.

The point probability estimates in period T ∗ are a function of the initial beliefs
(α j

0 ,β
j

0 ), the actual shares of taste discriminators (π0,h,π0,l) and the rate at which princi-
pals with a taste for discrimination exit the market in every period ω . If we assume
that the initial beliefs are a function of the actual share of taste discriminators, i.e.
α

j
0(π0,h,π0,l) and β

j
0 (π0,h,π0,l), then we can write ϕ

j
T ∗ = z(π0,h,π0,l,ω) for j = l,h.

In the proposition that follows we highlight the various forms in which discrimination
manifests itself and persists in the multiple steady state equilibria depending on ϕT ∗

after no principals with a taste for discrimination are left.

PROPOSITION 1. 1. Let ϕh
T ∗ be such that at time T ∗ no individual of the B type

in the range a∗l ≤ a ≤ a∗h prefers the Nash bargaining solution to entering the

activity involving no interlinkages. In such a scenario discrimination manifest

itself in two forms:

(a) B-types are underrepresented relative to A-types in activities involving in-

terlinkages at the lower tail of the ability distribution.

(b) B-types, in the middle ability ranges, pay a strictly higher fee to establish

interlinkages, and hence earn strictly less than the A-types with equal ability.

2. Let ϕh
T ∗ and ϕ l

T ∗ be such that some individual of B-type in the range a∗ ≤ a≤ a∗l
strictly prefers the Nash bargaining solution to entering the activity involving no

interlinkages. This implies that in the long run, discrimination will not persist.

However, B-types are penalized in the form of lower participation rates relative

to A-types for a finite duration before beliefs about discrimination disappear from

society.

3. Let ϕh
T ∗ and ϕ l

T ∗ be such that some individual of the B-type in the range a∗l < a <

a∗h strictly prefers the Nash bargaining solution to entering the activity involving

no interlinkages and no individual in the range a∗ ≤ a < a∗l prefers the Nash bar-

gaining solution to entering the activity involving no interlinkages. This implies

in the long run that either:
16Recall σN(a∗h) = 1+ r+bh and σN(a) is increasing in a.
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(a) All individuals with ability a > a∗l enter activities involving interlinkages

and pay σN(a), whereas individuals in the ability range a∗ ≤ a < a∗l enter

the activity involving no interlinkages.

(b) All individuals with ability a≥ a∗ become self-employed and discrimination

will not persist in the long run.

Proof. Proof in Appendix 1.
The intuition for the equilibrium outcome in case (1) where discrimination persists for-
ever crucially depends on who is the lowest B-type deciding to apply for activity in-
volving interlinkages when the last principal with taste for discrimination dies out. This
occurs when all individuals of the B-type, whose Nash bargaining solution is not suf-
ficiently high to compensate the taste for discrimination, i.e. a < a∗h, decide to enter
activities involving no interlinkages rather than seek to establish productive relations.
Even if an offer, which could be subject to potential discrimination, were to be made, it
would be rejected due to beliefs about discrimination being prohibitively high. There-
fore, this equilibrium is even stable under the trembling hand. This in turn implies that
beliefs remain frozen at the current level and hence all individuals with ability levels
a∗ ≤ a < ab will always prefer entering activities involving no interlinkages.17

However, if when the last principal with taste for discrimination dies out, as in case
(2), the lowest B-type who decides to enter an activity involving interlinkages is one
whose Nash bargaining solution is not sufficient to compensate the taste for discrimi-
nation, i.e. a < a∗l , implies discrimination will not persist in the long run. Now that all
principals with taste for discrimination have died out and beliefs are not prohibitively
high, all offers made by individuals seeking to form productive relations are accepted.
As this includes individuals whose offers could have been subject to potential discrim-
ination, but are not (as no taste discriminators are left), the next period beliefs about
discrimination will be lower after beliefs have been updated. As in every period all of-
fers are accepted, in the long run the belief about discrimination will converge to zero.18

17Recall that ab is the individual who is indifferent between offering (1+ r+bh) to each principal and
entering an activity not involving interlinkages.

18Case (3) outlined in the proposition is an intermediate situation where only individuals facing dis-
crimination from both high and low type discriminators are penalized in the long run. Refer to the proof
in the Appendix for further details.
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3.2.6 Welfare effects

How does discrimination affect welfare when there is no more taste for discrimination
remaining in the economy? One the one hand, there is an efficiency loss due to produc-
tive individuals not entering the more remunerative activities involving interlinkages.
On the other hand, discrimination gives rise to a redistribution effect. The efficiency
loss not only affects the B-type individuals, who become involved in activities involv-
ing no interlinkages instead of establishing productive relations (which would be the
social optimum), but also the principals, who lose out on opportunities of receiving of-
fers yielding more than the return r on their risk free investment.

The wealth redistribution takes place because B-types offering (1+ r+bh) are pay-
ing a higher price than the equivalent A-type, from which the principals are profiting, as
they are receiving more than the Nash bargaining solution.19 Assuming that the neces-
sary and sufficient condition of proposition 1.1 hold and discrimination persists, we can
quantify the deadweight loss of each period to the B-type as:

ab

∑
a≥a∗

[(λa−2σ
N(a))−a], (3.25)

while the deadweight loss to the principals is:

ab

∑
a≥a∗

2[σN(a)− (1+ r)]. (3.26)

The redistribution from the B-types to the principals is:

a∗h

∑
a≥ab

2[(1+ r+bh)−σ
N(a)]. (3.27)

PROPOSITION 2. In an equilibrium as in proposition 1.1, on average both principals

earn lower profits by discriminating.

19This theoretical prediction is consistent with the finding of the US Department of Justice that Coun-
trywide charged more than 200,000 black and Hispanic borrowers higher fees and interest rates than
comparable whites with similar credit histories between 2004 and 2008 leading to the Bank of America
paying a settlement of 335M$.
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Proof. Proof in Appendix 1.
It is obvious that the B-type suffers from discrimination. But proposition 2 implies that
even for the principals in the aggregate the efficiency loss due to the untapped source of
talent dominates the higher prices some principals receive from those B-types that try
to escape discrimination by making greater offers.

3.2.7 Persistence of beliefs as collective memories

The model presented above assumes that once the equilibrium set of beliefs have been
established they will persist over time. The crucial question then arises as to how and
why beliefs regarding the presence of discrimination might tend to persist? We interpret
transmission of beliefs in our model as happening through intergenerational transmis-
sion of collective memory regarding discrimination.

The contemporary usage of the term collective memory can be traced back to Emile
Durkheim (1859-1917), and his student Maurice Halbwachs (1877-1945), who pub-
lished the seminal study titled The social framework of memory in 1925. The concept
of memory has been constructed in the literature as to how the mind works in a society
and how their operations are structured by social arrangements. Halbwachs argues: “It
is in society that individuals normally acquire their memories. It is also in society that
they may recall, recognize and localize their memories” (Halbwachs 1992, p. 38). For-
mulation of memories regarding the past are hence affected by transmission of cultural
beliefs and norms in society.

Beliefs regarding discrimination can be seen to fullfill the two important criteria to
be categorized as collective memories. First, events which influence collective memory
are widely documented and recorded in these societies (Griffin and Bollen 2009). For
the case of discrimination against blacks in the US or Dalits in India, these events have
been widely recorded and recollected. Second, collective memories require a consen-
sual view of the recollected past. The presence of affirmative action policies in countries
like the US and India, serve as clear signal to the consensus among the policy makers
and the public at large on the need to readdress previous wrongs.

Beliefs regarding discrimination being transmitted as collective memory through
generations can also be rationalized by economic models of cultural transmission such
as Bisin and Verdier (2001) and Desai (2008). They show that transmission of existing
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beliefs by parents to their offspring would be consistent with maximizing the utility of
the children or preserving their cultural traits.

Finally, the importance of history, culture, and past events such as discrimination
in shaping today’s beliefs, behavior, and outcomes has also been demonstrated in the
empirical literature (Alesina, Giuliano, and Nunn 2011; Nunn and Wantchekan 2011;
Argenziano and Gilboa 2012; Voth and Voigtlaender 2012).

The above discussion highlights the fact that beliefs regarding discrimination could
be understood as collective memory that are passed on from one generation to an-
other, which are likely to be remarkably similar from one generation to another for
long stretches of time.

3.3 Data and empirics

In the following we investigate whether our theoretically presented channel of discrim-
ination can explain worse outcomes of a historically discriminated group in activities
characterized by interlinkages. The fact that blacks have lower self-employment rates
than whites in the US by exploiting differences in taste for and beliefs about discrimi-
nation across regions and time has been shown in Ramachandran and Rauh (2013). We
extend their analysis by increasing the sample size by including the most recent survey,
adding two proxies for taste for discrimination, and looking at occupational prestige
scores verifying that high skilled potential entrepreneurs suffer from discrimination.

The empirical literature dealing with discrimination and self-employment in the US
documents the differences in participation and returns between ethnic groups (Moore
1983; Bailey and Waldinger 1991; Borjas 1986; Fairlie 1996; Fairlie and Meyer 1996,
2000; Blanchflower 2009). In line with our theoretical predictions, the above mentioned
studies find lower rates of self-employment for black males, blacks are more likely to
have loan applications rejected, and they pay higher interest rates on loans than white
males with similar observables. Neal and Johnson (1996) find that for wage employ-
ment premarket skills measured by the Armed Forces Qualification Test (AFQT) score
can explain most of the black-white wage gap. However, for self-employment Fairlie
(2002) demonstrates that controlling for AFQT scores does not significantly reduce the
black-white gap in the probability of becoming self-employed, indicating that discrimi-
nation might play a role in the observed differences in self-employment rates.
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3.3.1 Data

We use the General Social Survey (GSS) from 1972-2012 with more than 50,000 obser-
vations along 29 questionnaires to test the predictions of the theoretical framework. We
construct proxies for the taste for discrimination parameters in our model by taking the
share of white people, for each year and region, answering the following questions:20

1. Whites who answer “yes” to “Do you think there should be laws against marriages
of Blacks and Whites?”

2. Whites who are “very” or “somewhat opposed” when asked “What about having
a close relative marry a Black person?”

3. Whites who prefer “separate school” when asked “Do you think white students
and Black students should go to the same schools or to separate schools?”

4. Whites who “object” or “mildly object” when asked “How strongly would you
object if a member of your family wanted to bring a Black friend home to dinner?”

In order to construct a proxy for beliefs regarding discrimination, we take the share of
the sample, for each year and region, answering the following question with “yes”:

• “On the average Blacks/African-Americans have worse jobs, income, and housing
than White people. Do you think these differences are mainly due to discrimina-
tion?”

Unfortunately, neither of these questions is asked throughout the entire period, but de-
pending on the model specifications we can make us of sample sizes of up to nearly
20,000 observations. In Figure 3.1 the four constructed measures of taste for discrimi-
nation, beliefs about discrimination, and the self-employment rates of blacks and whites
are plotted from 1972-2012. The discrimination measures are obtained from the GSS
dataset. The self-employment rates by race we obtain from the Current Population Sur-
vey (CPS) March supplement provided by the Integrated Public Use Microdata Series
(IPUMS). On the one hand, all constructed measures of taste for discrimination decline
linearly over the observed time period. On the other hand, beliefs about discrimination

20The reason for segmentation of beliefs and taste for discrimination by regions in the US can be found
in Becker (1971).
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have remained remarkably stable. Similarly, the gap in self-employment rates between
blacks and whites has remained stable over observed time period.

In the aggregate beliefs about discrimination among whites peak in 1985 at 45%
and reach the minimum in 2004 at 34%. Our first measure for taste for discrimination
among whites declines from 39% in 1972 to 10% in 2002. The second measure declines
from 66% in 1990 to 21% in 2012. The third prix for taste for discrimination takes its
highest value in 1976 at 15%, while reaching its minimum in 1985 at 7%. The fourth
measure for taste for discrimination ranges from 31% in 1973 to 19% in 1984.

Figure 3.4 in the Appendix shows the trends in beliefs and taste for each region.
When decomposing by year and region, disparities across the US become very clear.
Beliefs about discrimination take their highest value in 1993 in New England at 67%
and the lowest in West South Central in 2002 at 20%.

3.3.2 The method

From the theoretical model we derive the factors influencing the probability of individ-
uals being self-employed to be ability a, the proportion πtqs of principals with a taste
for discrimination at time t in region q against group s, the proportion ϕtqs with beliefs
about discrimination at time t in region q against group s, and a vector of individual
characteristics Xi with the associated parameter vector γ . Years of schooling serve us as
a proxy for ability. Therefore, the probability of individuals i at time t in region q and
of group s being self-employed seitqs ∈ {0,1} we define as

Prob(seitqs = 1|a,ϕtqs,πtqs,Xi) = f (a,ϕtqs,πtqs,Xi). (3.28)

With a logit regression we can define the estimated probability as

Prob(seitqs|a,ϕtqs,πtqs,Xi) =
eg(ai,ϕtqs,πtqs,Xi)

eg(a,ϕtqs,πtqs,Xi)+1
(3.29)

where g(a,ϕtqs,πtqs,Xi) = β0 + β1ai + β2ϕtqs + β3πtqs + γXi + εitqs and εitqs, the error
term, is a binomially distributed random variable.

The share of principals with a taste for discrimination πtqs and the share with beliefs
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about discrimination ϕtqs take the value zero for white individuals, i.e. for s = A. We
restrict our sample to white and black respondents who are neither students nor retired,
while assuming no differences in preferences to become self-employed.21

In the logit regression estimating self-employment we control for gender, age, age
squared, self-categorized family income when the respondent was 16, and whether the
father was self-employed. Gender we include because of the well documented inequal-
ity between men and women in the job market. It would be interesting to see whether
it is belief about discrimination against women leading to lower self-employment rates
among women, but unfortunately the GSS does not provide the appropriate questions
to construct the necessary measures. We add self-categorized family income in order
to control for possible inherited wealth, which could help overcome credit constraints.
The possibility of taking over a family business is controlled for by including a dummy,
specifying whether the father was self-employed.

3.3.3 Results

Years of schooling, our proxy for ability, and all controls are significant and have the ex-
pected sign. We find that either proxy for taste for discrimination significantly reduces
the likelihood of a black person being self-employed in model (1), (2), (3), and (4) of
Table 3.2 in the Appendix. However, taste for discrimination only is significant as along
as the proxy for beliefs about discrimination does not enter the estimation. Once beliefs
about discrimination are included either proxy for taste for discrimination becomes in-
significant, as can be seen in model (5), (6), (7) and (8). The proxy representing beliefs
about discrimination is significant at the 1% level in (5) and (6), and at the 10% level
in (7). In (8) it is insignificant. However when including region and year fixed effects
beliefs about discrimination become significant at the 10% level as can be seen in Table
3.1.

Computing the mean effect of a decrease in beliefs about discrimination for an av-
erage black male in the sample for model (5), we find that by reducing average beliefs
about discrimination by 10% points from 24% to 14%, the probability of the average

21In the International Social Survey on Work Orientation in 2005 we find that 71% of blacks versus
58% of whites in the labour force in the US would choose self-employment if they could choose between
different kinds of jobs, suggesting that our estimates might even be underestimating effects of discrimi-
nation.
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black male being self-employed increases from 7.3% to 9.3%, which is an increase of
28%. The magnitude of the effect of beliefs about discrimination becomes clear when
we calculate the probability of the average black male being self-employed at zero taste
for discrimination, but at the remaining 24% beliefs about discrimination. Here the
probability of self-employment increases from 7.3% to 7.9%, which is an increase of
8%. The estimation indicates that abolishing taste for discrimination will not be enough
to close the gap in self-employment rates. These findings suggest that when beliefs
about discrimination are well established these are enough to lower the probability of
black people being self-employed significantly, without even requiring a taste for dis-
crimination to be present, just as predicted by our model. In Table 3.3 in the Appendix
we control for regional or year fixed effects and find that beliefs about discrimination
remain significant at the 1% level in most model specifications. When including both
year and region fixed effects beliefs about discrimination are significant in all specifica-
tions, as can be seen in Table 3.1.

We construct a proxy for statistical discrimination by coding as statistical discrim-
ination the share of whites by year and region that assign a value from one to three on
a scale from one to seven to the question “Do people in these groups [blacks] tend to
be unintelligent or tend to be intelligent?”, where one signifies unintelligent to seven
signifying intelligent.22 Here we only include the second measure for taste for discrimi-
nation because only that question coincides for sufficient waves of the survey. When not
paired with beliefs, statistical discrimination enters with the expected negative sign and
is highly significant, but is insignificant when paired with beliefs about discrimination.
Beliefs about discrimination remain significant at a 1% level whether including year
and/or regional fixed effects (Table 3.4 in the Appendix).

In order to check whether the results are driven by unskilled individuals, who be-
come entrepreneurs due to a lack of labor market opportunities, we test whether beliefs
about discrimination are a significantly negative estimator for the self-employed exclud-
ing farmers, and excluding the self-employed whose occupation has a prestige score of
no more than 40 points on the 1970 and 1980 prestige score scale.23 As can be seen
in Table 3.5, beliefs about discrimination are significant at the 1% level for all chosen

22This measure suffers from the problem that it most likely captures taste based discrimination, as there
exists no scientific evidence of racial differences in intelligence.

23This somewhat arbitrary value is what we felt excluded low-skilled blue collar occupations. The
results are robust for a range of cut-off points and are available upon request.
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Table 3.1: Logistic regression with year and region fixed effects
Dependent variable: Self-employment

(1) (2) (3) (4)
Belief about discrimination -2.616*** -3.345** -2.779** -2.423*

(0.875) (1.537) (1.214) (1.405)
Taste for discrimination 1 -1.009

(1.502)
Taste for discrimination 2 -0.792

(1.386)
Taste for discrimination 3 1.715

(2.527)
Taste for discrimination 4 0.158

(2.054)
Years of schooling 0.030*** 0.015 0.048** 0.047**

(0.012) (0.012) (0.024) (0.024)
Female -0.662*** -0.648*** -0.960*** -0.959***

(0.067) (0.067) (0.147) (0.147)
Age 0.100*** 0.098*** 0.092*** 0.092***

(0.014) (0.014) (0.029) (0.029)
Age squared x 1,000 -0.795*** -0.703*** -0.756** -0.756**

(0.140) (0.143) (0.297) (0.297)
Family income at age 16 0.178*** 0.124*** 0.135 0.134

(0.042) (0.040) (0.089) (0.089)
Father was self-employed 0.589*** 0.602*** 0.746*** 0.746***

(0.069) (0.071) (0.148) (0.148)
Year fixed effects Yes Yes Yes Yes
Region fixed effects Yes Yes Yes Yes
Pseudo R2 0.066 0.068 0.098 0.098
Observations 9417 8812 2211 2211

All regressions include a constant. Standard errors are in parentheses.
*, ** and *** significant at 10, 5 and 1 % significance level, respectively.
Datasource: General Social Survey
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specifications of self-employment.

3.4 Policy considerations

The discriminatory equilibrium can persist despite its inefficiency. This naturally raises
the question of the existence of effective affirmative action, which could move the econ-
omy to the “good” equilibrium as a focal point in the coordination game. The following
analysis is restricted to the long run equilibrium where no taste for discrimination re-
mains, but discrimination persists due to beliefs.

One way to overcome discrimination, would be to simply provide a financial sub-
sidy to the B-type individuals endowed with sufficiently high ability to become en-
trepreneurs, but who is discriminated upon. With the subsidy the individual could buy
himself out of the discriminatory range and their offers would be accepted with cer-
tainty. This measure would overcome the problem that beliefs are prohibiting both the
principals from accepting and the individuals from applying. The caveat of this measure
is that it would only be effective as long the subsidy is in place, as this solution does
not alter beliefs. Moreover, the welfare effect would be negative, as the additional value
creation attributed to self-employment sums up to less than the subsidy.24

Another method of achieving equality among the A and the B-type would be to dis-
criminate against the discriminator. By imposing a fine F on principals who reject a
B-type that has the same ability and offers the same amount as an A-type that has been
accepted in the same period, one could facilitate equal treatment of A- and B-types.25

This equal treatment might come at a high cost, though. If one principal interacts with
various individuals in a given period there exists the possibility that principals begin
discriminating against the A-type as well. In order to avoid the fine when rejecting
the B-type, discrimination could spill over to the A-type. Imagine a principal receiv-
ing the same offer σ̂ by two individuals with identical ability â, but types A and B, in
the same period. Now if he accepts the A-type and rejects the B-type he will receive

24Observe that if it was not the case, the individuals themselves would pay extra to compensate the
belief about discrimination.

25This solution assumes that the authorities could estimate ability through information on observables
such as education, years of experience, age, etc.
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σ̂ + 1+ r−F , given that −p accepts the A-type offer as well. This would only be ra-
tional if σ̂ −F ≥ 1+ r, because otherwise he would be better off by also rejecting the
A-type.

One possibility would be for the government to step in as a lender of last resort to
the discriminated. This intervention would have to be communicated publicly, such that
it would serve as a signal and would spillover to the beliefs of the B-type and the distrib-
utors. To see this in terms of our model, imagine the government announcing publicly
and credibly the implementation of this policy. Now there would be no reason for the
distributor or the individual of the B-type to assign ϕ > 0. The great advantage of this
intervention would be that intervening in one market would be enough to correct beliefs
in other markets. Once the measure were to be removed, beliefs about discrimination
would have vanished and no further discrimination would take place (given no taste for
discrimination). This hinges on requiring only two principals for the production pro-
cess. For n principals the government would have to promise to act as n−1 principals
of last resort.

A further possibility to overcome the coordination failure would be the introduc-
tion of an institution acting as coordination device providing the service of linking pre-
screened non-discriminatory lenders and distributors to able blacks wanting to become
entrepreneurs. As this could even be a profitable exercise such institutions might auto-
matically arise and be provided by the market itself.

In the above we saw that schemes, such as subsidies or equal treatment regulations,
might only address the problem myopically or, even worse, have undesirable conse-
quences (like discrimination of A-types in equilibrium).

3.5 Conclusions

In this paper we show that the legacy of past discrimination can cast a long shadow.
Even once no more taste for discrimination or statistical discrimination exists in a so-
ciety, discrimination can persist due to remaining beliefs making discrimination the
best-response. Discrimination can take place despite individuals’ ability being com-
mon knowledge and ex-ante and ex-post identical between a discriminated and non-
discriminated individual. This form of discrimination is sustained under much weaker
conditions than traditionally assumed in the literature.
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The theoretical mechanism put forth is relevant for markets characterized by the
need to establish productive relations or interlinkages with other agents in society in
order for the production process to be carried out. It is shown that in such markets the
presence of beliefs regarding the existence of taste discriminators, even when no agents
with taste for discrimination exist in society, can result in agents exhibiting discrimina-
tory behavior in equilibrium. Discrimination arises as a rational response to the belief
that other agents might discriminate, which would impose losses due to the complemen-
tarity in the production process. The model shows lower participation and payoff to the
discriminated group in markets characterized by the presence of interlinkages.

Empirical evidence in support of the theoretical framework is provided by analyzing
the market for self-employment, a market characterized by the need to establish produc-
tive relations to be able to operate and be successful. The outcomes predicted by the
model, in terms of participation rates and incomes for the self-employed for the dis-
criminated group being lower, are validated using data from the General Social Survey
1972-2012 of the US and creating proxies for taste and beliefs regarding discrimina-
tion. A simple logit model suggests that beliefs about discrimination are significant in
explaining lower self-employment rates of blacks compared to whites, even after con-
trolling for individual and family characteristics, as well as region and year fixed effects.

In the model overall welfare is lower and on average nobody is better off in the dis-
criminatory equilibrium. We show that the nature of discriminatory coordination failure
does not enable competitive market forces to overcome discrimination, but may require
alternative policy tools. The various mechanisms through which discrimination man-
ifests its dynamic linkages in terms of cross market and intergenerational effects, and
the tendency to persist through cumulative and belief based channels, need to be under-
stood and explored in order to develop policies aimed at eradicating discrimination and
achieving equal treatment and opportunities.

139



3.6 Appendix

3.6.1 Proofs

3.6.1.1 Proposition 1

Proof. 1. First, observe that by definition individuals in the ability range a∗l ≤ a≤ a∗h
offer 1+ r+bl ≤ σN(a)≤ 1+ r+bh, and hence can be rejected only by the high
type taste discriminators. Therefore, they care only about the probability of meet-
ing a high taste discriminator. The fact that no individual in the range a∗l ≤ a≤ a∗h
prefers the Nash bargaining solution to entering the activity involving no inter-
linkages implies (1−ϕh

T ∗)
2(λa− 2σN(a))+ (1− (1−ϕh

T ∗)
2)(a− δ ) < a. The

left hand side of the expression is strictly increasing in a, which implies that if it
is not satisfied for a∗h then it is not satisfied for all a≤ a∗h. This implies that all in-
dividual with a, such that λa−2(1+ r+bh)≥ a (or all ab ≤ a≤ a∗h) offer a share
equal to (1+ r+bh) and are accepted to enter the activity involving interlinkages.
All individuals with a∗ ≤ a ≤ ab are unable to offer a share to compensate the
taste of high type discriminators and hence enter the activity involving no inter-
linkages. Moreover, note as now either all individuals of the B-type with a ≥ a∗h
offer σN(a)≥ (1+ r+bh), and all individuals with ab ≤ a≤ a∗h offer (1+ r+bh),
implies that from period T ∗ onwards there will be no offers made within the range
of (1+ r) to (1+ r+bh), and hence the beliefs remain frozen at the current level
implying the discriminatory equilibrium will persist for ever.

2. The individual with a∗ ≤ a ≤ a∗l , while comparing the option of offering the
Nash bargaining solution and entering the activity involving no interlinkages,
calculates the expected payoff from offering the Nash bargaining solution given
by (1− (ϕh

T ∗ +ϕ l
T ∗))

2(λa− 2σN(a))+ (1− (1− (ϕh
T ∗ +ϕ l

T ∗))
2)(a− δ ). Their

σN(a) < 1+ r + bl implies that they need to take into account both, the share
of high and low taste discriminators. Let us denote by alN as the lowest type
individual in the range a∗ ≤ a ≤ a∗l who prefers offering the Nash bargaining
solution to entering the activity involving no interlinkages at T ∗. As the above
expression is strictly increasing in a, it implies that all individuals with a > alN

offer the Nash bargaining solution in period T ∗. This means that all individu-
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als in the ability range alN ≤ a ≤ a∗h offer the Nash bargaining solution and are
accepted. Let the total number of cases for potential discrimination by low and
high type discriminators be nl

pot and nh
pot , respectively. The point estimates in the

next period T ∗+ 1 for meeting a high and a low type discriminator are given by

ϕh
T ∗+1 =

αh
0+∑

T∗
t=1(k

h
t +kuh

t )

αh
0+β h

0 +∑
T∗
t=1 nth+nh

pot
and ϕ l

T ∗+1 =
α l

0+∑
T∗
t=1(k

ul
t )

α l
0+β l

0+∑
T∗
t=1 ntl+nl

pot
, respectively. There-

fore, ϕ l
T ∗+1 < ϕ l

T ∗ and ϕh
T ∗+1 < ϕh

T ∗ , implying the lowest type who applies in

T ∗+2 is such that a < alN , and thus ϕ
j

T ∗+t <ϕ
j

T ∗ for all t > 0, or dϕ
j

t
dt < 0 for all

t > T ∗. This implies at some point ϕ
j

T → 0, wherefore all a≥ a∗ apply and enter
the activity involving interlinkages and discrimination does not persist in society.
The number of periods for which discrimination will persist could be calculated
as a function of ϕ

j
T ∗ = f (π1,π2,ω) and the lowest a who still prefers the Nash

solution to entering the activity involving no interlinkages at T ∗.

3. Let us denote by ahN the lowest ability type in the range a∗l < a < a∗h who prefers
to offer the Nash bargaining solution over entering the activity involving no inter-
linkages in period T ∗. Therefore, all individuals in the range a∗hN ≤ a ≤ a∗h offer
their Nash bargaining solution and are accepted. This implies that ϕh

T ∗ > ϕh
T ∗+1

or dϕh
t

dt < 0 for all t > T ∗. This in turn implies that the ability of the lowest ability
type, who applies, is decreasing in time for t > T ∗.

(a) If the individual with the lowest a, who prefers the Nash bargaining solution
to entering the activity involving no interlinkages, is such that a > a∗l when
ϕh

T → 0, then individuals with ability a > a∗l will become self-employed and
pay σN(a) and all individuals in the ability range a∗ ≤ a < a∗l will enter the
activity involving no interlinkages.

(b) If the individual with the lowest a, who prefers to offer Nash bargaining
solution to entering the activity involving no interlinkages as ϕh

T → 0, is
such that a < a∗l , then all individuals with ability a ≥ a∗ will become self-
employed and discrimination will not persist in the long run.
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3.6.1.2 Proposition 2

Proof. Let us assume that the set B is large enough that individuals’ abilities can be
approximated by a continuous distribution on the interval [0,1]. Proposition 1.1 shows
that all individuals of the B-type with a∗ ≤ a < ab enter activities not involving in-
terlinkages, whereas A-types of the same ability enter activity involving interlinkages.
Moreover, B-type individuals with ab ≤ a < a∗h offer 1+ r+bh > σN(a).

Now we can write the transfer, which the principals receive from individuals want-
ing to escape the discrimination as an integral over the ability range who pay the higher
fee:

∫ a∗h
ab

2(1+ r+bh−σN(a))da =
∫ a∗h

ab
2(1+ r+bh− (λ−1)a+r+δ+1

3 )da. Therefore, the
gain to the principals would be 1

3((a
∗
h−ab)(4+4r+6bh−2δ )− (λ −1)((a∗h)

2−a2
b))).

Now the loss to principals, due to able individuals entering activities not involving inter-
linkages, can be written as:

∫ ab
a∗ 2[σN(a)−(1+r)]da =

∫ ab
a∗ 2[ (λ−1)a+r+δ+1

3 −(1+r)]da

⇒ Loss= 1
3((a

2
b− (a∗)2)(λ − 1)+ (ab− a∗)(2δ − 4r− 4)). In order for the loss to be

at least as big as the gain we require: ((a∗h−ab)(4+4r+6bh−2δ )− (λ −1)((a∗h)
2−

a2
b) ≤ ((a2

b− (a∗)2)(λ − 1)+ (ab− a∗)(2δ − 4r− 4)). Rearranging we get (4+ 4r−
2δ )(a∗h−a∗)+6b(a∗h−ab)≤ ((a∗h)

2− (a∗)2)(λ −1). Now substituting a∗ = 2(1+r+δ )
λ−1 ,

a∗h = 2(1+r)+3bh−δ

λ−1 , and ab = 2(1+r+bh)
λ−1 we find that for this to hold the condition is

bh ≥ δ . But since no discrimination exists when δ > bh (because in that case the offer
σN(a)> 1+ r+bh for all a≥ a∗) gains can never be greater than losses if we are in an
equilibrium as in proposition 1.1.
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Note: The payoffs are in the following order: Individual, Distributor, Lender.

Figure 3.2: Extensive game form of decision of B-type individual
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Table 3.5: Logistic regression with different definitions of self-employment

Dependent variable: Self-employment
(Benchmark) (Prestige80) (Prestige70) (No farmers)

Belief about discrimination -3.180*** -2.480*** -4.745*** -3.180***
(0.455) (0.801) (0.930) (0.455)

Years of schooling 0.019** 0.099*** 0.129*** 0.019**
(0.009) (0.017) (0.013) (0.009)

Female -0.717*** -0.975*** -0.607*** -0.717***
(0.049) (0.108) (0.072) (0.049)

Age 0.096*** 0.092*** 0.101*** 0.096***
(0.010) (0.021) (0.016) (0.010)

Age squared x 1,000 -0.744*** -0.656*** -0.714*** -0.744***
(0.103) (0.217) (0.163) (0.103)

Family income at age 16 0.148*** 0.197*** 0.206*** 0.148***
(0.030) (0.064) (0.044) (0.030)

Father was self-employed 0.612*** 0.626*** 0.519*** 0.612***
(0.051) (0.106) (0.075) (0.051)

Year fixed effects Yes Yes Yes Yes
Region fixed effects Yes Yes Yes Yes
Pseudo R2 0.067 0.097 0.088 0.067
Observations 16990 5758 12262 16990

All regressions include a constant. Standard errors are in parentheses.
The column ”Benchmark” includes all self-employed, ”Prestige80” and ”Prestige70” exclude those with occupations with a prestige
score of no more than 40 according to the 1980 definition, and ”No farmers” excludes farmers.
*, ** and *** significant at 10, 5 and 1 % significance level, respectively.
Datasource: General Social Survey
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