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Abstract

This paper investigates the role that wage premiums play for educational attainment and intergen-

erational social mobility. An important difference between countries with low and high levels of social

mobility is the extent of upwardmobility of children from low income families. This ismainly explained

by the probability of high school dropout. I develop a model with three levels of education in which

children facing a credit constraint choose which level of education to attain based on a transfer that they

receive from their parents. I find in an empirical exercise that in the U. S. the opportunity cost of educa-

tion is more important in explaining the high school dropout rate of men than the return on education.

The model and the empirical results imply that a policy that reduces the opportunity cost of education

and is paid by higher taxation on graduates, reducing the return on education, could decrease dropout

rates, and also increase the number of graduates not facing a binding credit constraint. Such a policy

could also be effective in increasing the college graduation rate of poor students and in decreasing levels

of student debt.
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1 Introduction

There is a strong correlation in cross country data between income inequality and intergenerational social

mobility. Empirical studies suggest that this is drivenby the extent inwhich childrenwithparents in the high-

est and lowest income quintiles are downward and upwardmobile over generations, respectively. One of the

most important drivers of social mobility is education. I investigate in this paper to which extent income in-

equality, in particular wage differences, is driving differences in intergenerational social mobility. This is

of particular interest as income inequality and employment polarisation are increasing in developed coun-

tries. In the literature on intergenerational mobility, inequality hinders intergenerational mobility mainly

by imposing binding credit constraints on the ability of parents to acquire education for their children. The

parents decide howmuch education to buy form their children. The ability to buy education is constrained

by the budget of the parents. In this paper I explore a different approach: Not the parents but the children

themselves decide on how much education to acquire They decide whether to educate or to work and earn

an unskilled wage. Children from poor backgrounds can still choose to educate, but since they receive less

financial support from their parents, the value of the outside option to work is much more important for

them. This approach allows me to identify the effects of education finance policies on the educational out-

comes of children from poorer and richer family backgrounds. The model as well as the empirical exercise

suggest that opportunity cost to education play a very important role in explaining education outcomes.

They are relatively more important than the returns to education. This has important implications for the

effect of wage polarisation and for the way education should be payed for. The second contribution of this

paper to the existing literature is that it directly models high school drop out. High school drop out is one

of the main factors explaining differences in social mobility. Most models so far focus on the role of col-

lege education. Evidence in the empirical literature suggests though that high school dropout plays a more

important role in explaining persistence of education levels.

The degree of income inequality in a country is negatively associated with intergenerational mobility.

Themore unequal a country, themore persistent is incomeover generations. This is called the “GreatGatsby

Curve”. One measure of intergenerational social mobility is the intergenerational earnings elasticity (IGE).

It is the elasticity between a child’s and their parents’ income. A higher IGE means that children’s incomes

depend stronger on their parents’ income, i. e. lower intergenerational income mobility. Corak (2013a,b)

estimates the IGE for a variety of countries. In Table 1, I display his IGE estimations and a variety of indices

of income inequality (including some based on transition matrices of Jäntti et al., 2006). The correlation of

the IGE with inequality indices are shown in Table 2.

The IGE features a high positive correlation with all of them. As a higher IGE implies less intergenera-

tional incomemobility, this implies a negative relationship between income inequality and intergenerational

incomemobility. The 1970Gini-index and 2005Gini-index have correlations of 0.69 and 0.71 with the IGE,

respectively. The IGE andGini-index relation is depicted in Figure 1. One can see the strong negative associ-

ation of inequality and social mobility, the “Great Gatsby Curve”. Chetty et al. (2014a) find such a relation

also within the U. S. Areas with a lower share of middle-class residents have lower levels of social mobility.

Thus regions with higher levels of income inequality tend to have lower levels of intergenerational income

mobility.

In order to better understand this relationship, it is helpful to look at transitionmatrices, which provide
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Figure 1: The Great Gatsby Curve
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Note: IGE values fromCorak (2013b) andmeanGini index estimates from StandardizedWorld Income Inequality

Database (SWIID), see Table 1. The lines represent fitted values. The values for the U. S. and Denmark are high-

lighted, of which the transition matrices are compared in Table 2.

a more detailed picture than IGE estimates. For each income quantile, they give the probabilities for a child

born into a family in this quantile to end up in each income quantile. Jäntti et al. (2006) compares the tran-

sition matrices of Scandinavian countries with the ones of the U. K. and the U. S. Jäntti et al. (2006) show

that the most important dimension in which countries with high intergenerational mobility (Scandinavian

countries) differ from ones with low intergenerational mobility (U. S. and U. K.) is the persistence of high

and low income families (top and bottom 20%) in their quintiles. Figure 2 shows a representation of the

transitionmatrices of Denmark and the U. S. estimated by Jäntti et al. (2006). Each line represents the prob-

abilities for a child from one income quintile of ending up in each income quintile. One can see that in the

U. S., high income families have a lower downward mobility and low income families have a lower upward

mobility than in Denmark (see also Table 3).

The view that the bottom and the top of the income distribution are responsible for the relationship

between income inequality and social mobility is supported by Corak et al. (2014). They observe that the

main differences in absolute earnings-mobility (a son’s income relative to his father’s) between the U. S.,

Canada, and Sweden are in the extent of downward mobility (sons earning less than their fathers) from

the top of the income distribution. Furthermore, Couch and Lillard (2004) observe non-linear patterns in

income persistence for the U. S. and Germany.
1
They find evidence that earnings are more persistent over

generations for high income families than for those with lower income.

Educational attainment determines to a large extent one’s lifetime income level.
2
It is also strongly depen-

dent on parental background. In the U. S., children from affluent families have a much higher probability

of graduating from high school and a much lower probability of dropping out of high school. In Table 4,

I show the educational attainment by parental income in the U. S. using the National Longitudinal Survey

of Youth 1979 (NLSY-79). One can see that the probability of dropping out of high school is very low for

children of affluent families (0.08), while it is very high for children from the lowest income quintile (0.36).

This resembles the pattern observed in the transition matrices. The probabilities to end up in the lowest

income quintile is very similar: 0.07 for children of high income families and 0.4 for children of low income

families. As in the transmission of income, the difference between the top and the bottom of the income

1
Earnings of sons are stronger related to those of their fathers when the father is richer.

2
For a discussion of U. S. wage premiums see Lemieux (2006)
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Table 1:Measures of Inequality and Mobility

Gini 1970 Gini 2005 90/10 90/50 50/10 IGE Iλ ITrace ICross

Denmark 0.24 0.23 2.8 1.5 1.8 0.15 0.81 0.93 0.35

Finland 0.25 0.26 3.2 1.7 1.9 0.18 0.80 0.93 0.35

Norway 0.23 0.25 3.1 1.6 1.9 0.17 0.78 0.92 0.34

Sweden 0.26 0.24 3.5 1.7 2.1 0.27 0.78 0.92 0.34

United Kingdom 0.27 0.35 4.4 2.0 2.2 0.50 0.79 0.93 0.34

United States 0.31 0.37 5.8 2.2 2.7 0.47 0.66 0.87 0.30

Australia 0.26 0.30 4.4 1.9 2.3 0.26

Canada 0.27 0.32 4.5 1.9 2.3 0.19

Chile 0.44
1

0.49 9.0 3.3 2.7 0.52

France 0.40 0.28 3.5 1.9 1.9 0.41

Germany 0.30 0.28 3.7 1.8 2.0 0.31

Italy 0.37 0.34 4.2 1.9 2.2 0.50

Japan 0.26 0.30 5.3 2.0 2.7 0.34

New Zealand 0.26 0.33 4.3 1.9 2.2 0.29

Spain 0.31 0.31 4.8 2.0 2.5 0.40

Switzerland 0.30
2

0.31 3.4 1.8 1.9 0.46

Note: Gini index estimates are themean estimates from the SWIID.Othermeasures of inequality are form

the OECD, based on the year 2009, except for Australia with values for the year 2008. IGE estimates are

from Corak (2006). 90/10, 90/50 and 50/10 are the ratios between the corresponding income percentiles.

Measures of mobility are based on transition matrices based on the age-corrected transition matrices of fa-

ther and sons from Jäntti et al. (2006). The indices based on the transition matrices are the following. The

first index is based on the second largest eigenvalueλ2 of themobilitymatrix: Iλ = 1− |λ2 |. In the following

m is the number of rows of thematrix and pij is the transition probability from quantile i to quantile j. πi is
the long run probability of being in quantile i (i. e. 1

m ). The second index ofmobility in transitionsmatrices

is based on the trace of the matrix: ITrace =
m−

∑m
i=1
pii

m−1
. The third index is based on the expected number of

income brackets crossed: ICross =
1

m−1

∑m
i=1

∑m
j=1
πipij |i − j |. For all three transition matrix indices, higher

values indicate lower levels of intergenerational mobility.

1
1968

2
1971

distribution is especially strong. That raises the question of how educational decisions at the top and the

bottom of the income distribution are influenced by income inequality. I want to address this question by

looking at wage premiums and the opportunity cost of education.

It seems to be of particular importance to understand the role that wage premiums play for intergen-

erational mobility, since income inequality has increased over the last decades (see Piketty, 2013) and this

increase has taken the form of a polarisation of labour markets. In the last two decades there was a polarisa-

tion of the labour market, with less middle wage jobs and more low and high wage jobs. Between 1993 and

2010 the share of hours worked in middle wage occupations declined by 8 percentage points in Europe and

by 6 percentage points in the U. S. (Goos et al., 2009; Acemoglu and Autor, 2011). Acemoglu and Autor

(2011) found for the U. S. that during the same period, the wage growth in middle wage occupations has

lagged considerably behind the wage growth in low and high wage occupations. This implies not only a

polarisation of the labour market, but also of wages. Deschênes (2001), Lemieux (2006) and Acemoglu and

Autor (2011) observe a convexificiation of the premiums on education since 1980, i. e. a strong increase in

the return on higher education. There is no evidence of a polarisation of wages in Europe yet. There is an

increase of upper tail inequality, but no decrease of lower tail inequality in the U. K. and Germany (Man-
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Table 2: Correlations of IGE and Inequality Measures

Gini 1970 Gini 2005 90/10 90/50 50/10 IGE

Gini 1970 1.00 0.67 0.61 0.72 0.31 0.69

Gini 2005 0.67 1.00 0.92 0.94 0.71 0.71

90/10 0.61 0.92 1.00 0.97 0.84 0.56

90/50 0.72 0.94 0.97 1.00 0.71 0.62

50/10 0.31 0.71 0.84 0.71 1.00 0.47

IGE 0.69 0.71 0.56 0.62 0.47 1.00

Note: Gini index estimates are the mean estimates from the SWIID (see

Table 1). Other measures of inequality are from the OECD, based on the

year 2009, except for Australia with values for the year 2008. IGE estimates

are taken from Corak (2006).

Figure 2: Transition Probabilities
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Q1 Q2 Q3 Q4 Q5

0.1
0.15

0.2
0.25

0.3
0.35

0.4

Son

P
r
o
b
a
b
i
l
i
t
y

Q1 Q2 Q3 Q4 Q5

0.1
0.15

0.2
0.25

0.3
0.35

0.4

Son

P
r
o
b
a
b
i
l
i
t
y

Father: Q1 Q2 Q3 Q4 Q5

Note: Probability of a son with a father in income quintile Qi to be in income quintile Qj . The probabilities are
from Jäntti et al. (2006), see Table 3.

ning et al., 2007; Antonczyk et al., 2010).
3
Yet, analogous to the convexification of educational returns in the

U. S., Pereira and Budría (2005) and Lindley andMachin (2011) showed that the inequality in post-graduate

wages in the EU has increased.

There is not only evidence of a polarisation of employment and education premiums, but also of in-

creased polarisation of educational efforts. Putnam et al. (2012) find a growing gap between high school

students from upper and middle class backgrounds with respect to participation in soft-skill building activ-

ities.
4
Ramey and Ramey (2010) observe a considerable increase in the time spent with children for middle

and upper class parents since themid-1990s, andKornrich and Furstenberg (2013) show that the investment

into children’s education is increasingly unequal. Bailey and Dynarski (2011) find increasing dependence of

college attendance on income for the period of 1961 to 1982, driven by an increase in the college attendance

of daughters of high income families, but this has stabilised after 1982 (Chetty et al., 2014b). Lindley and

Machin (2012) find for the U. K. that with increasing length of education, the importance of the family

background is increasing.

Although the pattern of increased income inequality and convexification of the return on education

3
Here, upper tail inequality relates to the ration of the 90th to the 50th income percentile and lower tail inequality to the

ration of the 50th to the 10th income percentile.

4
The gap in participation in extracurricular activities, i. e. sports and academic clubs, is increasing. These participations are a

strong predictors of future success (Putnam et al., 2012).
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Table 3: Transition Matrices

Denmark U. K.

Son Son

Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5

F
a
t
h
e
r

Q1 0.253 0.205 0.195 0.181 0.167

F
a
t
h
e
r

Q1 0.303 0.235 0.165 0.174 0.122

Q2 0.237 0.236 0.196 0.185 0.145 Q2 0.241 0.227 0.182 0.193 0.157

Q3 0.179 0.238 0.235 0.203 0.145 Q3 0.188 0.195 0.227 0.206 0.184

Q4 0.165 0.195 0.217 0.220 0.203 Q4 0.161 0.175 0.229 0.195 0.240

Q5 0.161 0.133 0.157 0.212 0.337 Q5 0.107 0.168 0.197 0.231 0.297

U. S. NLSY-79 U. S. Chetty

Son Child

Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5

F
a
t
h
e
r

Q1 0.400 0.254 0.165 0.108 0.074

P
a
r
e
n
t
s

Q1 0.337 0.242 0.178 0.134 0.109

Q2 0.205 0.262 0.208 0.186 0.139 Q2 0.280 0.242 0.198 0.160 0.119

Q3 0.181 0.204 0.250 0.202 0.162 Q3 0.184 0.217 0.221 0.209 0.170

Q4 0.138 0.164 0.206 0.238 0.255 Q4 0.123 0.176 0.220 0.244 0.236

Q5 0.098 0.117 0.166 0.259 0.360 Q5 0.075 0.123 0.183 0.254 0.365

Note: Transition matrices from Jäntti et al. (2006), income quintile transition matrices for sons and fathers,

corrected for age. U. S. data fromChetty et al. (2014a) generally linking parents to children (both sons and daugh-

ters).

point in the direction of less intergenerational social mobility, there is no agreement in the literature yet on

whether intergenerational social mobility has actually decreased as a consequence. To the best of my knowl-

edge, there are only attempts to estimate trends in social mobility for the U. S. Point in time measurements

indicate a strong increase of the IGE. Estimates of the IGE for the 1960s to 80s are around 0.2 (Becker and

Tomes, 1986), Solon (1999) estimates it for the 1990s at around 0.4 and current estimates are around 0.6

as in Mazumder (2005).
5
Aaronson and Mazumder (2008) estimate the U. S. trend of the IGE based on

Integrated Public Use Microdata Series (IPUMS). The child’s year and state of birth are used to construct

predicted parents’ incomes. Their IGE estimations track the upward trend in income inequality between

1970 to 2000 very closely. Hertz (2007) and Lee and Solon (2008) estimate IGE trends based on the Panel

Study of Income Dynamics (PSID) over the same time period. The estimations show no clear trend in the

IGE.
6
Chetty et al. (2014b) estimate social mobility indices based on de-identified tax records and college

attendance rates. They find no trend in social mobility measurements based on income rank, but as income

inequality increases, the consequences of rank mobility has increased.
7

In this paper, I develop anoverlapping generationsmodel (OLGmodel) basedonGalor andZeira (1993),

with three levels of educationwhere children choose their education level based on a transfer that they receive

from their parents. The three levels of education reflect the different intergenerational mobility patterns of

poor, middle class, and rich families observed in the empirical literature. Letting the children instead of

the parents choose the education level allows to identify opportunity costs of education that are relevant

for children form poor families but not for children from rich families. In Galor and Zeira (1993) and the

5
A simple comparison of estimates with different samples and life-time income definitions suffers form comparability prob-

lems. For a discussion, see Hertz (2007).

6
Lee and Solon (2008) observe a small increase for daughters. Hertz (2007) does estimationswith four different specifications.

In one he finds a positive trend in IGE, however, the other specifications show no trend at all.

7
The probability of a child born into a family at the lowest quintile of the income distribution to reach the highest quintile

is 8.4% for the 1971 cohort and 9% for the 1986 cohort.
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related literature, parents choose the education level based on the costs of education for them. Parents facing

a binding credit constraint cannot afford higher education for their children. In this paper children also face

a credit constraint, but even if this credit constraint is binding they can choose a low level of consumption in

the first part of their lives in order to acquire higher education and have a higher income in the future. Poor

children cannot smooth consumption over both periods. The alternative of working instead of studying is

therefore of higher importance for them then for rich children.

I find in themodel that an increase in the opportunity cost decrease educational attainment by the poor,

whereas an increase in the return on education increases educational attainment overall. Furthermore, when

keeping the transfer from the parents unchanged, changes in the wages of graduates have an impact on the

number of graduates not facing a binding credit constraint, whereas changes in the wages of dropouts of

education just affect the number of graduates facing a binding credit constraint. In an empirical assessment

of the relative importance of the opportunity costs of education using U. S. data, I find that changes in the

opportunity cost have amuch stronger influence on the high school dropout rate of men than the return on

education. Therefore I propose a policy where the costs of education are paid by graduates in later stages of

their life through taxes, which reduces the return on education but decreases the opportunity cost of educa-

tion. This policy has the advantage, that it does not imply transfers between educational groups, decreases

income inequality due to age differences, and increases the number of graduates as well as the number of

graduates not facing a binding credit constraint. Furthermore this paper suggests that policies affecting the

income distribution should not only be assessed in their effect on the overall level of income inequality, but

also in how these policies affect the incentives for educational attainment, in particular the opportunity cost

of education.

Current models of social mobility do mainly explain the impact of income inequality on social mobility

through credit constraint agents (Galor and Zeira, 1993). Only rich agents with income or wealth above

a certain threshold acquire education. Higher income inequality implies that more persons are below the

threshold for acquiring education or, as in the case of Moav and Galor (2004), can acquire an optimal level

of education.
8
Alonso-Carrera et al. (2012) further develop the model of Galor and Zeira (1993) in order

to allow for fiscal policies. In their model, using labour taxes instead of inheritance taxes increase human

capital accumulation, while the impact of such a policy on income inequality would depend on the initial

distribution of human capital. According to the analysis of Jäntti et al. (2006), it is not the middle class at

the threshold of affording education that is responsible for lower mobility, but the upper and lower class,

which in thesemodels would always be above or below the income threshold.
9
Piketty (1995) andChecchi et

al. (1999) model private and public investment into human capital as the results of beliefs about ability and

effort. Differences in social mobility are the outcomes of differences in experienced mobility of dynasties.

Both the theories of Piketty (1995) and Checchi et al. (1999) do imply that the differences in social mobility

are a result of long term differences (over several generations) in countries’ economic structures.

In Galor and Tsiddon (1997) and Hassler and Rodríguez Mora (2000), income inequality and social

mobility depend on the rate of technological progress. In their models, technological progress increases

8
Galor and Moav (2006) argue that the increase in public education after the industrialisation was not the result of class

struggles, but a result of an interest of the capitalist class in educated workers. In this model, the binding credit constraint is not

overcome by a sufficient decrease of inequality, but by a political interest in taxation of the upper class.

9
And as Chetty et al. (2014a) point out, the middle class is actually the most mobile class, its lacking is impeding mobility

strongly.
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inequality, as it increases the return on skill, but it also decreases the role of inherited human capital and thus

increases social mobility. The evidence presented here goes the other way round: more income inequality

is linked to less intergenerational social mobility, not more. Alonso-carrera et al. (2016) use a framework

similar to Galor and Tsiddon (1997) and Hassler and Rodríguez Mora (2000), but come to the opposite

conclusion. They study the interaction between the education decision and the choice of occupations with

different effort levels. An increase in the returnon effort for high skilleddecreases the frequencyof highwages

of low skilled, potentially increasing income inequality while reducing intergenerational social mobility. In

Hassler et al. (2007) income inequality affects social mobility through two channels: through its effect on

incentives for education and through its effect on parents ability to pay for their children’s education. They

emphasise the role of public education for mitigating the latter effect.

There are some studies on the reasons for high school dropout, but they are not considering socialmobil-

ity. Eckstein andWolpin (1999) study the causes of dropouts from high school using theNLSY-79. Students

that drop out of high school have lower expectations about the reward of graduating.
10
McNeal (1997) stud-

ies the effects of employment during high school on the probability of dropping out of high school. The job

type and the intensity have strong effects on the probability of dropping out of high school. The studymost

similar to my approach is Restuccia and Urrutia (2004). They developed an OLGmodel distinguishing be-

tween college and early (i. e. pre-college) education. They argue that about half of intergenerational income

persistence is due to parental investments into early education, but college education accounts for most of

the disparity.
11

Myapproach contributes to this literature by studying the influence of wage differentials for educational

choices. To this end, I introduce the decision of high school drop out into a Galor and Zeira (1993) frame-

work. I developed an OLGmodel that captures the education decision of agents with respect to both high

school and college. The agents make their choice regarding their individual opportunity cost of education

and the return on education. In contrast to Restuccia and Urrutia (2004), I focus on the role of inequal-

ity by directly modelling the educational choice in pre-college education. As the evidence presented above

indicates, this pre-college educational choice is crucial for understanding differences in social mobility. The

second contribution of my model is that it distinguishes between the cost of education for parents and the

incentive for children to graduate, i. e. the cost of education for the children in terms of utility. Children

from low income families have a lower level of consumption as students, and dropping out of high school,

i. e. giving up future income for current income, is a much more attractive option. On the other side of the

income distribution, children from rich families already enjoy a high level of consumption during education

and thus there is no incentive to drop out of high school.

The rest of the paper is structured in the following way: Section 2 introduces the model, Section 3 ex-

plains the educational choice of agents in the model, Section 4 explores the baseline comparative statics in

the model, in Section 5 I make an empirical assessment of the relative importance of wage premiums, and in

Section 6 I discusses the effectiveness of policies.

10
Eckstein and Wolpin (1999) argue that a prohibition of working for high school students would have only limited impact,

as the traits the children have when they come to school play an important role.

11
Early education accounts for the largest part of the persistence, as younger parents are more strongly constrained in their

budget for educational expenses.
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Table 4:High School Dropouts

Total Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5

HS dropout
1

1511 474 425 295 209 108 0.36 0.32 0.23 0.16 0.08

HS
2

1906 408 397 412 392 297 0.31 0.30 0.31 0.29 0.22

HS+
3

3200 436 501 603 731 929 0.33 0.38 0.46 0.55 0.70

Total 6617 1318 1323 1310 1332 1334 1.00 1.00 1.00 1.00 1.00

Note: Education level by parents’ income quintiles. The data are from the NLSY-79 containing

14-22 year olds in 1979. Income quintiles correspond to themean reported values before the age of 18.

1
Highest attended grade <12.

2
Highest grade attended 12.

3
At least some college education.

2 TheModel

I propose an OLG model based on Galor and Zeira (1993) of intergenerational social mobility in which

agents decide which level of education to acquire. The model consists of three different levels of education

in order to model the different mobility patterns observed for low, middle an high wage groups. This allows

me to study the effect of wage polarisation on educational attainment. The education decision is defined by

two forces: the opportunity cost of education and the return on education. The former are only relevant

for children from poor backgrounds, whereas the latter also matter for rich children. Each individual lives

for three periods. Each individual has one parent and one child, thus there is no population growth. The

timing in the three periods of life is as follows: In the first period, the agent is born, he goes to school and

can decide to drop out in order to earn the wage of unskilled workers for this period and the rest of his life.

He can decide to finish school and work for the rest of his life for the high school graduate wage, or he can

go to college, and does not earn anything in this period, but earns a college wage for the rest of his life. In the

second period, the agent works and gets one child. He provides a transfer to his child. In the third period,

the agent retires and consumes from his savings.

In the following, the indexN denotes drop out of high school,H high school graduation andC college

graduation. Depending on his education level, the agent has the following incomes in the first period of his

life:

y1,t =


(1 − µN )wN,1 Dropout

(1 − µH )wH,1 High School

0 College

where wN,1 < wH,1 and 0 < µN < µH < 1, and in the second period,

y2,t+1 =


wN,2 Dropout

wH,2 High School

wC,2 College

where wN,2 < wH,2 < wC,2. Here µN denotes the time devoted to education in the first period of one’s life

if one drops out of high school, and µH the time devoted to education if one graduates from high school.
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Figure 3: Generation Overlap
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Note: Generation overlap and incomes by education level in

the model.

wX,i is the wage level of an agent with an education level X in period i of his life. I assume wN,1 < wH,1
and wN,2 < wH,2 < wC,2 in order to have productivity increase with education. µN > µH implies that by

dropping out of high school, a young person has more time to work during their youth. I assume

(1 − µN )wN,1 > (1 − µH )wH,1 (1)

in order to incentivise drop out of high school.

The utility of the agent is of the following form:

U = log(c1,t) + β log(c2,t+1) + β2
log(c3,t+2) + γβ log(bt+1), (2)

where β ∈ (0, 1) is the subjective discount rate and c1,t , c2,t+1, and c3,t+2 are, respectively, the consumption

levels in the first, second, and third period of life. The parents are altruistic to wards their children in a joy

of giving way and γ captures the degree of altruism to wards the child. bt+1 is a transfer from the parent to

the child in the first period of the child’s life.

The agent can save in order to transfer income to later periods. si,t denotes the savings that carry income
from period i to period i + 1 and r ∈ (0, 1) is the corresponding interest rate on saving, with R = 1 + r. In
the first period, the agent receives the transfer bt from his parents and earns net income (1 − τ)y1,t , where τ
is the income tax rate. If he acquires an education levelX , he has to pay the cost eX of his education, which

is subsidised by the state in the height of hX . In order to simplify notation, I define gX
1
= eX − hX . He

uses the rest of his income for consumption c1,t and savings s1,t . In the second period, he gets net-income
(1 − τ)y2,t+1 − gX

2
, where gX

2
is an additional tax to induce progressive taxation, and first period savings

s1,t . gX
1
and gX

2
depend on the education level X in order to introduce progressive taxation and education

specific costs and subsidies. The agent uses this for consumption c2,t+1, savings s2,t+1 and the transfer bt+1 to

his child. The retired agent consumes all of his savings in the third period. Hence, one gets the following
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budget constraints:

c1,t + s1,t = bt + (1 − τ)y1,t − gX1 , (3)

c2,t+1 + bt+1 + s2,t+1 = (1 − τ)y2,t+1 − gX2 + Rs1,t , (4)

and

c3,t+2 = Rs2,t+1. (5)

The general idea is that agents face a trade off between income in the first period of their lives and higher

income in the second period of their lives due to higher education. Agents face a credit constraint s1,t ≥ 0,

thus if their parents do not provide them with a large enough transfer bt , they cannot optimise their utility
over both periods. Thus, agents that receive a small transfer from their parents face a trade of between higher

first period consumption and low education, and lower first period consumption and higher education. In

order to induce this trade off I assume that life-time income is increasing with education:

(1 − τ)(RyN
1,t + y

N
2,t+1
) − RgN

1
− gN

2
< (1 − τ)(RyH

1,t + y
H
2,t+1
) − RgH

1
− gH

2
, (6)

and

(1 − τ)(RyH
1,t + y

H
2,t+1
) − RgH

1
− gH

2
< (1 − τ)yC

2,t+1
− RgC

1
− gC

2
. (7)

The problem of the agent is to maximise utility (2) subject to (3) - (5). From the first order condition, I

obtain the optimal consumption, transfer, and savings for unconstrained agents with s1,t ≥ 0 and education

X :

cX∗
1,t =

1

R(1 + β + β2 + βγ)
[
(1 − τ)(Ry1,t + y2,t+1) − gX2 + R(bt − g

X
1
)
]
, (8)

cX∗
2,t+1
=

β
1 + β + β2 + βγ

[
(1 − τ)(Ry1,t + y2,t+1) − gX2 + R(bt − g

X
1
)
]
, (9)

cX∗
3,t+2
=

Rβ2

1 + β + β2 + βγ
[
(1 − τ)(Ry1,t + y2,t+1) − gX2 + R(bt − g

X
1
)
]
, (10)

bX∗t+1
=

βγ
1 + β + β2 + βγ

[
(1 − τ)(Ry1,t + y2,t+1) − gX2 + R(bt − g

X
1
)
]
, (11)

and

sX∗
1,t = (1 − τ)y1,t − gX1 + bt − c

X∗
1,t . (12)

As the model features homothetic preferences, in absence of the credit constraint the maximisation of

utility is equivalent to the maximisation of life-time income, which can be seen in (8) – (11). Therefore, if he

is not credit constrained, the agent always prefers to have a college education. This follows from (6) – (7).

He only drops out of education because he faces a credit constraint s1,t ≥ 0, which depends on bt , as follows
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from (12). Because the income depends on the education decision, I obtain three different thresholds for the

transfer { ˆbNt , ˆbHt , ˆbCt }, below which the agent is facing a binding credit constraint:

ˆbNt =
1

R(β + β2 + βγ)
[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − RgN

1
− gN

2

]
−
(1 + β + β2 + βγ)
β + β2 + βγ

[
(1 − τ)yN

1,t − g
N
1

]
,

ˆbHt =
1

R(β + β2 + βγ)
[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − RgH

1
− gH

2

]
−
(1 + β + β2 + βγ)
β + β2 + βγ

[
(1 − τ)yH

1,t − g
H
1

]
, (13)

and

ˆbCt =
1

R(β + β2 + βγ)
[
(1 − τ)yC

2,t+1
− Rg1C − gC2

]
−
(1 + β + β2 + βγ)
β + β2 + βγ

gC
1
. (14)

It follows from (1), (6)& (7) that
ˆbNt < ˆbHt < ˆbCt . Thus the higher the education level, the higher the transfer

needed in order to not face a binding credit constraint.

The consumption levels of a credit constrained agent are:

c̄X
1,t = (1 − τ)y1,t − gX1 + bt ,

c̄X
2,t+1
=

β
β + β2 + βγ

[
(1 − τ)y2,t+1 + gX2

]
,

c̄X
3,t+2
=

Rβ2

β + β2 + βγ
[
(1 − τ)y2,t+1 − gX2

]
,

and

¯bXt+1
=

βγ
β + β2 + βγ

[
(1 − τ)y2,t+1 − gX2

]
.

Thus an agents who receives a transfer below
ˆbNt will always face a binding credit constraint, irrespective

of education, an agent who receives a transfer between
ˆbNt and

ˆbHt can either drop out of high school and

be not bound by the credit constraint or graduate from high school and face a binding credit constraint, an

agent who receives a transfer between
ˆbHt and

ˆbCt can either work after high school and not be bounded by
the credit constraint or graduate from college and face a binding credit constraint, and an agent receiving a

transfer above
ˆbCt can graduate from college without facing a binding credit constraint.
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3 Education Decision

Agents are identical in thismodel except for their parental background, i. e. the transfer bt which they receive
from their parents. Thus, their decision on which level of education to attain will only depend on bt . If
they attain higher education, they will have a higher second period income but a lower first period income.

This matters only if the agents are credit constrained. I will first consider the decision between high school

graduation and drop out of high school and later the decision between high school graduation and college

education.

In order to determine whether it is optimal for a young agent to graduate or to drop out of high school,

I consider the value of these two option in terms of utility. I defineVN (bt) as the utility when dropping out
and VH (bt) as the utility when graduating from high school. When the agent receives a bt ∈ [ ˆbN , ˆbH ) he
would face a binding credit constraint when graduating from high school, but not when dropping out. The

value of dropping out of high school in terms of utility is

VN (bt) = log cN∗
1,t + β log cN∗

2,t+1
+ β2

log cN∗
3,t+2
+ βγ log bN∗t+1

,

with cN∗
1,t , c

N∗
2,t+1

, cN∗
3,t+2

, and bN∗t+1
being the consumption and transfer obtained when he dropped out from

school. This can be rewritten as

VN (bt) = (1 + β + β2 + βγ) log

(
1

1 + β + β2 + βγ

)
+

[
log

(
1

1 + r

)
+ β log(β) + β2

log(Rβ2) + βγ log(βγ)
]

+ (1 + β + β2 + βγ) log

[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bt − gN1 )

]
.

The value of graduating from high school in terms of utility is equal to

¯VH (bt) = log c̄H
1,t + β log c̄H

2,t+1
+ β2

log c̄H
3,t+2
+ βγ log

¯bHt+1
,

with c̄H
1,t , c̄

H
2,t+1

, c̄H
3,t+2

and
¯bHt+1

being the consumption and transfer of a credit constraint agent with high

school income. This can be rewritten to

¯VH (bt) = (β + β2 + βγ) log

(
1

β + β2 + βγ

)
+

[
log(yH

1,t − g
H
1
+ bt) + β log β + β2

log(Rβ2) + βγ log(βγ)
]

+ (β + β2 + βγ) log

[
(1 − τ)yH

2,t+1
− gH

1

]
.

I am looking for the value of the transfer bHt ∈ [ ˆbNt , ˆbHt ) above which the agent finishes high school and
below which he drops out of high school. I obtain this cutoff value by looking at the bt for which the agent
is indifferent between graduating from high school and dropping out, i. e. for which the values of the two

value functions are equal. I get for the transfer bHt

VN (bHt ) = ¯VH (bHt ).

13



This can be reformulated as

log


(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bt − gN

1
)

R(1 + β + β2 + βγ)
[
(1 − τ)yH

1,t − g
H
1
+ bt

]  =
(β + β2 + βγ) log

[
1 + β + β2 + βγ
β + β2 + βγ

(1 − τ)yH
2,t+1
− gH

2

(1 − τ)(RyN
1,t + y

N
2,t+1
) − gN

2
+ R(bt − gN

1
)

]
. (15)

I define bHt ∈ [ ˆbNt , ˆbHt ) as the transfer that fulfils the equation above. Agents receiving a transfer above bHt
graduate from high school, agents receiving a transfer below bHt drop out of high school.

I next proceed in a similar way to obtain the threshold bCt above which agents graduate from college. In

particular, I compare the value of high school education in terms of utility for an agent not facing a binding

credit constraint

VH (bt) = (1 + β + β2 + βγ) log

(
1

1 + β + β2 + βγ

)
+

[
log

(
1

1 + r

)
+ β log(β) + β2

log(Rβ2) + βγ log(βγ)
]

+ (1 + β + β2 + βγ) log

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

2
+ R(bt − gH1 )

]
,

with the value of college education for an agent facing a binding credit constraint

¯VC (bt) = (β + β2 + βγ) log

(
1

β + β2 + βγ

)
+

[
log(bt − gC1 ) + β log β + β2

log(Rβ2) + βγ log(βγ)
]

+ (β + β2 + βγ) log

[
(1 − τ)yC

2,t+1
− gC

2

]
.

Receiving bCt ∈ [ ˆbHt , ˆbCt ) makes an agent indifferent between high school and college education if it

fulfils the following condition:

VH (bCt ) = ¯VC (bCt ),

which can be reformulated as

log

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

2
+ R(bCt − gH1 )

R(1 + β + β2 + βγ)(bCt − gC1 )

]
=

(β + β2 + βγ) log

[
1 + β + β2 + βγ
β + β2 + βγ

(1 − τ)yC
2,t+1
− gC

2

(1 − τ)(RyH
1,t + y

H
2,t+1
) − gH

1
+ R(bCt − gH1 )

]
. (16)

An agent that receives a bt larger than bCt will go to college, an agent which receives a bt smaller than bCt will
not go college and start working after graduating from high school.

Thus depending on the bt , the agent can be in six different situations: (i) if bt < ˆbNt he drops out of

high school but is still facing a binding credit constraint, (ii) if bt ∈ [ ˆbNt , bHt ) he drops out of high school
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but is not facing a binding credit constraint, (iii) if bt ∈ [bHt , ˆbHt ) he graduates from high school but is

facing a binding credit constraint in doing so, (iv) if bt ∈ [ ˆbHt , bCt ) he graduates from high school and is

not facing a binding credit constraint in doing so, (v) if bt ∈ [bCt , ˆbCt ) he goes to college and faces a binding
credit constraint in doing so, and (vi) if bt ≥ ˆbCt he graduates from college without facing a binding credit

constraint.

4 Wage Polarisation and Social Mobility

In order to understand how trends in wages and policies affect intergenerational mobility, I use (15) and (16)

to perform a comparative statics exercise of the transfers needed to graduate fromhigh school and college, bH

and bC respectively. If these minimum transfers increase, ceteris paribus, less student will receive a transfer

above themand therewill be less upward socialmobility. If theseminimumtransfers decrease,more students

will receive a transfer above these minimum transfers and there will be more upward social mobility. One

can use that to make predictions on how changes in wage differentials affect the graduation rates of high

school and college, which I will use in Section 6 to propose policies to increase graduation rates.

The choice ofwhether to acquire higher education or not is defined by the opportunity cost of education

and the return on education. Because bH < bC , and anyone who wants to go to college needs a high school
degree, I only compare the incomes of the “neighbouring” education levels, i. e. the opportunity costs and

return on education of high school graduates relative to drop outs, and the opportunity cost and return on

education of high school graduates and college graduates.

I define the opportunity cost of education as how much lower first period income is when spending

more time on eduction. In the framework of this model, I define therefor the opportunity cost of high

school education as how much higher the first period income is when dropping out then when graduating

from high school. When an agent drops out of high school, he earns yN
1,t , so the opportunity cost is this

income relative to the income he would earn if he would graduate from high school, i. e. yN
1,t/y

H
1,t . Since

college graduates cannot work in the first period of their lives in this model, the opportunity cost of college

education is the income the student could earn in the first period of his life when not going to college, i. e. the

income as a young high school graduate yH
1,t . I define the returns on education as how much higher second

period income is when graduating. In the framework of this model, the return on high school education is

howmuch relatively higher second period high school graduate income is than drop out income. If the agent

drops out of high school in the first period of his life, he earns yN
2,t+1

in the second period of his life. If he

graduates from high school, he earns yH
2,t+1

. Thus the return on high school education is yH
2,t+1
/yN

2,t+1
. The

return on college education is in this model how much higher second period income of college graduates

is relative to the income of high school graduates. If the agent only graduates from high school and does

not go to college in the first period of his life, he earns yH
2,t+1

in the second period of his life. If he graduates

from college instead, he earns yC
2,t+1

in the second period of his life. Thus the return on college education is

yC
2,t+1
/yH

2,t+1
.

In order to analyse the role of these wage premiums, I establish the following relationship between cN∗
1,t ,

c̄H
1,t , c

H∗
1,t and c̄C

1,t :
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Lemma 1. For an agent that receives bHt it is true that cN∗
1,t > c̄

H
1,t and for an agent that receives bCt it is true

that cH∗
1,t > c̄

C
1,t .

Proof. Assume that for bt = bHt that cN∗
1,t ≤ c̄

H
1,t . Since

c̄H
2,t+1

> cH∗
2,t+1

> cC∗
2,t+1
,

c̄H
3,t+2

> cH∗
3,t+2

> cC∗
3,t+2
,

and

¯bHt+1
> bH∗t+1

> bC∗t+1
,

this implies thatVN (bt) < ¯VH (bt). This is in contradiction to the definition of bHt , thus cN∗1,t has to be larger

than c̄H
1,t . Using the same logic, one can derive that c

H∗
1,t > c̄

C
1,t . �

First, I use the implicit function theorem to get the effect of a change in the opportunity cost of high

school education on the value of bHt . In order to simplify notation, I use in the following

Γ = β + β2 + βγ.

Proposition 1. A decrease in the opportunity cost of high school education yN
1,t/y

H
1,t decreases the transfer b

H
t

needed in order to graduate from high school.

Proof. The partial derivative of bHt with respect to yN
1,t/y

H
1,t is

∂bHt

∂
yN

1,t
yH

1,t

= −
(1 + Γ)(1 − τ)yH

1,t

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
(1 + Γ)R

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
−

[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

] .
It follows from Lemma 1 that this is positive. �

Thus a decrease in the opportunity cost of high school education decreases the transfer needed for grad-

uating from high school and ceteris paribus more students will graduate. If yN
1,t/y

H
1,t increases, the relative

value of the outside option to graduating from high school increases, which makes it less attractive to grad-

uate from college for agents facing a binding credit constraint. Thus the transfer that these agents need to

get in order to be indifferent between graduating from high school and dropping out has to be higher. The

effect of the opportunity costs on high school education on bHt is the larger, the higher first period income

for dropouts yN
1,t , the higher life-time income for dropouts, and the lower the difference between the con-

sumption level of young high school graduates and young dropouts c̄H
1,t − c

N∗
1,t .

The transfer needed to graduate from high school is affected by the wage premium on high school grad-

uation in the following way:

Proposition 2. An increase in the return on high school education yH
2,t+1
/yN

2,t+1
decreases the transfer needed

in order to graduate from high school bHt .
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Proof. The partial derivative of bHt with respect to yH
2,t+1
/yN

2,t+1
is

∂bHt

∂
yH

2,t+1

yN
2,t+1

=
Γ(yN

2,t+1
− gN

2
)

[
(1 − τ)yH

1,t − g
H
1
+ bHt

] ]
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

]
(yH

2,t+1
− gH

2
)

{
(1 + Γ)R

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
−

[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

]}
which following Lemma 1 is negative. �

Thus an increase in the return on high school education will lead to a decrease in the transfer needed in

order to graduate fromhigh school. If the returns on high school education increase, it becomesmore attrac-

tive to graduate relative to the option of dropping out of high school. The transfer needed to be indifferent

between dropping out and graduating from high school will be lower and, ceteris paribus, more students

will receive a transfer above this threshold, leading to an increase in the number of students graduating from

high school. The effect of the return on education on the transfer needed to graduate from high school is

increasing in c̄H
1,t and c

N∗
1,t , and decreasing in y

H
2,t+1

and the difference c̄H
1,t − c

N∗
1,t . An increase in the return on

graduating from high school decreases the transfer needed in order to graduate from high school, and thus

ceteris paribus increases the number of high school graduates.

The effects of changes in the wage premiums for college education can be analysed in the sameway. First

I look at the opportunity cost of education. As college graduates cannot work in the first period of their

lives, the opportunity cost of college education is equal to yH
1,t .

Proposition 3. A decrease in the opportunity costs of college education yH
1,t decreases the transfer b

C
t needed in

order to graduate from college.

Proof. The partial derivative of bCt with respect to yH1,t is equal to

∂bCt
∂yH

1,t
= −

(1 − τ)RbCt
(1 + Γ)R(bCt − gC1 ) −

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gC

1
+ R(bCt − gC2 )

] ,
which following Lemma 1 is positive. �

A decrease in the wage of young high school graduates decreases the value of the alternative to gradu-

ating from college. Thus going to college becomes relatively more attractive and the transfer needed to be

indifferent between college and only high school education decreases. This leads to an increase in the num-

ber of agents receiving a transfer above this threshold. Equivalently to the case of high school education, the

denominator is equivalent to the difference c̄C
1,t − c

H∗
1,t . An increase in this difference decreases the effect of

yH
1,t , whereas an increase in b

C
t increases the effect of yH1,t on itself. It has no effect on the number of college

graduates that are not facing a binding credit constraint, thus an increase in yH
1,t will only increase the number

of college graduates facing a binding credit constraint.

The return on college education has the following effect on the transfer bCt needed for graduating from
college:

Proposition 4. An increase in the return on college education yC
2,t+1
/yH

2,t+1
decreases the transfer bCt needed

in order to graduate from college.

17



Proof. The partial derivative of bCt with respect to yC2,t+1
/yH

2,t+1
is equal to

∂bCt

∂
yC

2,t
yH

2,t

=
Γ(yH

2,t+1
− gH

2
)(bCt − gC1 )

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

2
+ R(bCt − gH1 )

]
(yC

2,t+1
− gC

2
)

{
(1 + Γ)R(bCt − gC1 ) −

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

1
+ R(bCt − gH2

]} ,
which following Lemma 1 is negative. �

Thus an increase in the return on college education decreases the transfer needed in order to graduate

from college. It increases the value of having college education relative to the value of only high school

education, making college education more attractive and thus the transfer needed in order to be indifferent

between the two is lower. Hence therewill bemore agents receiving a transfer above this andmore graduating

from college. This is the larger the larger yH
2,t+1

and bCt and the first period income of a high school graduate
are. It is the smaller the larger yC

2,t and the difference c̄
C
1,t − c

H∗
1,t are.

To summarise the results of the comparative static analysis: A decrease in the opportunity cost of educa-

tion increases the number of graduates of a higher education degree. An increase in the return on education

increases the number of graduates. A detailed analysis of the components can be found in Appendix A. If

a decrease in the opportunity cost of education is due to a decrease in the wage of young dropouts, the in-

crease in graduates will be entirely due to an increase of graduates facing a binding credit constraint, with the

number of agents graduating that are not facing a binding credit constraint staying the same. This is due to

the fact that a change in the wage of dropouts affects the thresholds {bHt , bCt } above which agents graduate,
but does not enter in the definitions (13) and (14) of the thresholds { ˆbHt , ˆbCt } that govern whether or not
the budget constraint of an agent is binding. If a decrease in the opportunity cost of education is due to an

increase in the wage of young graduates, the total number graduates and the number of graduates not facing

a binding credit constraint increases. The wage of young graduates also enters into (13) and (14), and thus

{ ˆbHt , ˆbCt } are affected by a change of them. For the same reasons, an increase in the return on education that
is due to a decrease in the wage of old drop outs increases the total number of graduates, but does not affect

the number of graduates not facing a binding credit constraint. If an increase in the return on education are

due to an increase in the wage of graduates, then the total number of graduates increases and the number of

graduates facing a binding credit constraint increases, while the number of graduates not facing a binding

credit constraint decreases.

Labour market polarisation means that the wages of middle skilled workers decrease and the wages of

low and high skilled workers increase. As shown above, a decrease in the high school premium implies less

mobility from the lower income level as bH increases. It also implies an increase in the college premium,

which implies that bC decreases. Based on this comparative statics I expect to see a negative relationship

between the opportunity cost of education and graduation rates, and a positive relationship between the

returns on education and graduation rates. In the next Section, I will test these predictions on U. S. high

school dropout rates.
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5 Empirical Analysis

The model developed in this paper provides an interpretation of wage premiums as opportunity costs of

education and returns on education. The comparative static analysis shows that an increase in the return

on education increases educational attainment, whereas an increase in the opportunity costs of education

decreases educational attainment. Any policy that is aimed at changing one wage differential must be fi-

nanced and thus might have consequences for the other wage differential. Thus in order to make policy

recommendations, I estimate their relative importance.

I focus on the drop out rate from high school, because as discussed in Section 1 high school education

is important to explain differences in upward social mobility between countries, and as I expect mobility

between regions for educational purposes to be less of an issue for high school education than for college

education. I regress the dropout rate fromhigh school on thewage premiumsdefined in the previous section

in order to estimate the relative importance of these wage premiums. Analogous to Chetty et al. (2014a), I

use commuting zones as defined by Tolbert and Sizer (1996) as unit of observations. I use the crosswalk files

provided by Autor and Dorn (2013) to aggregate the average wages by education level, gender, and age as

well as the high school dropout rate at commuting zone level.

For the wage data, I use the 1990 U. S. 5% census IPUMS. I define agents as “young” if they are of the

age of 22 or below (graduating from high school at the age of 18 plus 4 year of college education). For the

dropout of high school, the data come from the common core of data from the IES NCES in the year 2001.

I cannot directly observe the life period incomes y1,t or y2,t+1 as defined in themodel, nor the time spend

in education µ, but I can observe the individual wage income in one year, which in the model is positively
linearly related to the live period incomes. I use the average wage income by age group in one region in

the census year w1 and w2 as a measure of life period income. As in the model, I define the opportunity

cost of education as wN
1
/wH

1
, and the return on education as wH

2
/wN

2
. I regress these wage premiums by

gender on the dropout rate P(D) by gender, controlling for the logarithm of the average household income

(I use the one derived by Chetty et al. (2014a)) in the commuting zone log(IHH ) as a measure of overall
wealth in the region. The result of this regression is presented in Table 5. I do not find any significant

effect of wage premiums on the dropout rate for women, but for men I find a significant effect of both the

opportunity cost of education and the return on education with the signs predicted by the model. A 10

percentage point increase in the wage differential between high school dropouts and high school graduates

of youngmen (the opportunity cost of high school education) increases the high school dropout rate by 0.7

percentage points. A 10 percentage point increase in the wage differential between high school graduates

and high school dropouts of old men (the return on education) decreases the high school dropout rate by

0.2 percentage points. This implies that changes in the relative wage of young graduates have a more than

three times higher impact on the high school dropout rate.

6 Policy Analysis

I now use the model and the empirical results to draw some conclusions in order to propose policies that

increase educational attainment of children from low income families. The analysis of the comparative stat-

ics of the model introduced in this paper suggests the following: One can increase the number of children
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Table 5: High School Dropout by
Gender

(1) (2)

Men Women

wN
1
/wH

1
0.0687

∗ ∗ ∗
-0.00154

(0.0221) (0.0170)

wH
2
/wN

2
-0.0192

∗ ∗ ∗
-0.00362

(0.00600) (0.00296)

log(IHH ) -0.0434
∗ ∗ ∗

-0.0231
∗ ∗ ∗

(0.0105) (0.00868)

Constant 0.527
∗ ∗ ∗

0.293
∗ ∗ ∗

(0.114) (0.0941)

Observations 207 207

R2
0.155 0.034

Adjusted R2
0.143 0.020

Note: Std. deviations in parenthesis

∗ p < 0.10
∗∗ p < 0.05

∗ ∗ ∗ p < 0.01

attaining educational degrees by either decreasing the opportunity costs or by increasing the return on edu-

cation. Both are possible by two ways, by either affecting the wages of those who drop out of education or

by affecting the wages of those who attain education. A government could introduce policies that aim at de-

creasing the after tax income of dropouts {(1−τ)yN
1,t−g

N
1

; (1−τ)yN
2,t+1
−gN

2
} by taxing these incomes higher

(e. g. by introducing less progressive taxation schemes) and thus decreases the opportunity cost to education

and increase the return on education. This would decrease the transfer needed in order to graduate from

high school, but it would also decrease the income of poor parents and thus decrease the transfer received by

poor children. It would also imply a redistribution of income from poor households to richer households.

Based on the empirical assessment, in which the opportunity cost to high school education had a much

higher impact on high school dropout rates, I propose a different policy: Increasing the after tax income

of young high school graduates (1 − τ)yH
1,t − g

H
1
financed by decreasing the income of older high school

graduates (1−τ)yH
2,t+1
− gH

2
. This means that the opportunity cost of education decrease but also the return

on education decreases.

This would not only increase the number of high school graduates but also increase the number of high

school graduates that are not facing a binding credit constraint. As the government cannot directly affect

the market wages wH
1
and wH

2
, such a policy could be achieved by increasing the subsidy for high school

education h, resulting in a decrease in gH
1
, and increase the tax of high school graduates gH

2
.

Proposition 5. An increase in the subsidy for high school education hH (a decrease in gH
1
) payed by an increase

in the taxes for old high school graduates gH
2

of equal size leads to a decrease in the transfer needed in order
to graduate from high school and a decrease in the transfer needed in order to be not facing a binding credit
constraint when graduating from high school ˆbHt .

Proof. See Appendix B.

I find in the empirical analysis that the wage differential for young high school graduates has amore than

three timeshigher impact on thehigh school dropout rate. At the same time, thewage level of youngpeople is
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much lower than the one of old people, and also the period working being young is shorter, thus just a small

percentage decrease in the return on education can cause a larger percentage decrease in the opportunity

cost of education, leading to an overall decrease in the dropout rate. The advantage of this policy is also,

that it does not affect life-time income, or redistribution between different income groups. The burden of

subsidising high school education would fall on high school graduates.

I do not have data on the importance of wage differentials of college graduates, but the analysis of our

model point to a similar policy of decreasing the return on education in favour of decreasing the opportunity

cost of education in order to increase college graduation rates and decrease the number of college graduates

not facing a binding credit constraint. This is especially relevant in the debate on tuition fees. Proponents

of tuition fees for tertiary education argue that such tuition fees induce a payment by the beneficiary. This

model suggests, that it might be preferable to pay for tertiary education after graduation, i. e. through higher

taxes or publicly provided and subsidised student loans, and to subsidy tertiary education for poor students

in order to decrease the opportunity costs of education. This might not only increase graduation rates of

poor students, but also decrease the high levels of student debt in the U. S. and U. K.

Again, the government cannot directly change wC
2
, but it can set the education subsidy hC and the tax

rate for college graduates gC
2
. The suggested policy would be to finance an increase in hC (a decrease in gC

1
)

through an increase in gC
2
.

Proposition 6. An increase in the subsidy for college education hC (a decrease in gC
1
) payed by an increase in

the taxes for old college graduates gC
2
leads to a decrease in the transfer needed in order to graduate from college

and a decrease in the transfer needed in order to be not facing a binding credit constraint when graduating
from college ˆbCt .

Proof. See Appendix B.

Such a policy would increase the number of college graduates while decreasing the number of college

graduates facing a binding credit constraint.

7 Conclusion

This paper investigates the effect of wage differentials on intergenerational income mobility by introducing

a Galor and Zeira (1993) type OLG model with three levels of education where children make their own

educational choices base on a transfer they receive from their parents. In this model, there are two forces

that define the educational choices: the return on education and the opportunity costs to education.

In an empirical assessment of these two forces, I find that the opportunity cost of education have amuch

stronger influence on the probability to finish high school for men than the return on education. I use the

conclusions drawn from the model to propose a policy which reduces the opportunity cost of education by

subsidising education payed by taxes on older graduates. This policy has the advantage that it increases ed-

ucational attainment of the poor, increases the number of graduates not facing a binding credit constraint,

decreases income inequality due to age differences, while not implying changes in life-time income nor re-

distribution between education groups.
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This paper argues that education and distributional policies should not only be concerned about their

effect on the return on education, but also about their effect on the opportunity cost of education for the stu-

dents. Policies that carefully manage age and educational premiums can improve educational outcomes for

poor children, increasing upward mobility and intergenerational social mobility in general. It would be in-

teresting to explore this insights further by modelling the role of ability into the model, which would allow

to identify differences in the ability distribution of children with the same education level from different

parental backgrounds. It would also be interesting to investigate gender differences in educational attain-

ment. I do not find any significant effect of wage differentials on the high school dropout rate of women.

It would be interesting to explore whether a similar model including endogenous fertility might provide an

explanation of educational patterns of women.
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A Detailed Comparative Analysis

A decrease in the opportunity cost of high school education can be caused by an increase in yH
1,t or by a

decrease in yN
1,t . I first assume that the change in the wage premium is caused by a decrease in yN

1,t .

Proposition 7. A decrease in the income of young high school dropouts yN
1,t decreases b

H
t .

Proof. The partial derivative of bHt with respect to yN
1,t is equal to

∂bHt
∂yN

1,t
= −

(1 − τ)R
[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
(1 + Γ)R

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
−

[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

] ,
which following Lemma 1 is positive. �

The denominator is equal to the difference c̄H
1,t − c

N∗
1,t . Thus the higher the difference c̄

H
1,t − c

N∗
1,t and the

lower the constraint first period consumption of a high school graduate, the higher will be the decrease in

bht . The cut-off value for facing a binding credit constraint ˆbHt is not affected by a change in yN
1,t . Thus if it

decreases, more students facing a binding credit constraint will graduate from high school.

I now assume that the change in the opportunity cost of high school education is caused by an increase

in yH
1,t and that y

N
1,t stays constant.

Proposition 8. An increase in the income of young high school graduates yH
1,t decreases b

H
t and ˆbHt .

Proof. The partial derivative of bHt with respect to yH
1,t is equal to

∂bHt
∂yH

1,t
=

(1 − τ)
[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

]
(1 + Γ)R

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
−

[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

] (17)

which following Lemma 1 is negative. One can derive the partial derivative of
ˆbHt with respect to yH

1,t

∂ ˆbHt
∂yH

1,t
=

1 − τ
Γ
−
(1 − τ)(1 + Γ)

Γ

= −(1 − τ),

which is also negative. �

The denominator of (17) is equal to the the difference c̄H
1,t − c

N∗
1,t times c̄H

1,t . Thus the larger the difference

between constraint and unconstrained consumption and the larger the constraint first period consumption,

the smaller the effect of yH
1,t on b

H
t . The nominator is equal to c̄H1,tc

N∗
1,t . The higher c̄

H
1,t and c

N∗
1,t , the larger is the

increase. Thus a increase in yH
1,t increases the value of

ˆbHt . It will increase the number of student graduating
from high school, and increase the number of students that are not facing a binding credit constraint when

graduating from high school.

Thus from a policy perspective, a decrease in yN
1,t might increase the number of high school graduates,

but only the number of graduates facing a binding credit constraint, whereas an increase in yH
1,t increases the

25



number of high school graduates and increases the number of high school graduates that are not bound by

the credit constraint.

As in the case of the opportunity cost of education, the increase in the return on high school education

can come from a decrease in yN
2,t+1

or from an increase in yH
2,t+1

.

Proposition 9. A decrease in the wages of old high school dropouts yN
2,t+1

decreases the transfer bHt needed in
order to graduate from high school.

Proof. The partial derivative of bHt with respect to yN
2,t+1

is equal to

∂bHt
∂yN

2,t+1

= −
(1 − τ)

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
(1 + Γ)R

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
−

[
(1 − τ)(RyN

1,t + y
N
2,t) − g

N
2
+ R(bHt − gN1 )

]
which following Lemma 1 is positive. �

This expression is increasing in the first period consumption of high school graduates and decreasing

in the difference between c̄H
1,t and c

N∗
1,t . y

N
2,t+1

has no effect on
ˆbHt , thus a decrease in yN2,t+1

will increase the

number of high school graduates that graduate while facing a binding credit constraint.

Proposition 10. An increase in the income of old high school graduates yH
2,t+1

decreases the transfer bHt needed
in order to graduate from high school but increases the transfer needed in order to not face a binding credit
constraint when acquiring high school education ˆbHt .

Proof. The partial derivative of bHt with respect to yH
2,t+1

is equal to

∂bHt
∂yH

2,t+1

=
Γ

[
(1 − τ)yH

1,t − g
H
1
+ bHt

] [
(1 − τ)(RyN

1,t + y
N
2,t) − g

N
2
+ R(bHt − gN1 )

]
(yH

2,t+1
− gH

2
)

{
(1 + Γ)R

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
−

[
(1 − τ)(RyN

1,t + y
N
2,t) − g

N
2
+ R(bHt − gN1 )

]}
which following Lemma 1 is negative. The partial derivative of

ˆbHt with respect to yH
2,t is equal to

∂ ˆbHt
∂yH

2,t+1

=
1 − τ
RΓ

which is positive. �

This negative effect on bHt is the larger, the larger first period income of dropouts and high school grad-

uates, the lower the difference c̄H
1,t − c

N∗
1,t and the lower yH

2,t+1
itself is. Thus an increase in yH

2,t+1
increases the

number of high school graduates, but also increases the number of high school graduates that are facing a

binding credit constraint.

The return on college education can increase because the income of old high school graduates decreases,

or because the income of college graduates increases. A change in the income of high school graduates has

the following direct effect on bCt :

Proposition 11. A decrease in the income of high school graduates yH
2,t+1

decreases the transfer bCt needed in
order to graduate from college.
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Proof. The partial derivative of bCt with respect to yH2,t+1
is equal to

∂bCt
∂yH

2,t+1

= −
(1 − τ)(bCt − gC1 )

(1 + Γ)R(bCt − gC1 ) −
[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

1
+ R(bCt − gH2

]
which following Lemma 1 is positive. �

A decrease in yH
2,t+1

will decrease bCt and thus increases the number of college graduates. This increase

will be the larger, the larger bCt and the smaller c̄C
1,t − c

H∗
1,t . As it has no effects on

ˆbCt , it will only increase
the number of credit constrained college graduates, but not the number of credit-non constrained college

graduates.

Proposition 12. An increase in the income of college graduates yC
2,t+1

decreases the transfer bCt needed in
order to graduate from college and increases the transfer ˆbCt needed in order to be not facing a binding credit
constraint when graduating from college.

Proof. The partial derivative of bCt with respect to yC2,t+1
is equal to

∂bCt
∂yC

2,t+1

=
Γ(bCt − gC1 )

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

1
+ R(bCt − gH2

]
(yC

2,t+1
− gC

2
)

{
(1 + Γ)R(bCt − gC1 ) −

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

1
+ R(bCt − gH2

]}
which following Lemma 1 is negative. The partial derivative of

ˆbCt with respect to yC2,t+1
is equal to

∂ ˆbCt
∂yC

2,t
=

1 − τ
RΓ

,

which is positive. �

An increase in yC
2,t decreases b

C
t and thus increases the number of college graduates. The effect is the

larger, the larger life time income of high school graduates, the larger bCt , and the smaller c̄C1,t − c
H∗
1,t and y

C
2,t+1

.

A change in yC
2,t+1

does not only affect bCt but also the cut-off value below which college graduates are facing

a binding credit constraint. Thus an increase in yC
2,t+1

increases the number of college graduates in total,

and the number of college graduates facing a binding credit constraint, but decreases the number of college

graduates not facing a binding credit constraint.

B Proofs of Policy Analysis

Proof of Proposition 5. The partial derivative of bHt with respect to gH
1
is

∂bHt
∂gH

1

= −
(1 + Γ)R

[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

]
(1 + Γ)R

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
−

[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

]

27



which following Lemma 1 is positive. The partial derivative of bHt with respect to gH
2
is equal to

∂bHt
∂gH

2

= −
Γ

[
(1 − τ)yH

1,t − g
H
1
+ bHt

] [
(t − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

][
(1 − τ)yH

2,t+1
− gH

2

] {
(1 + Γ)R

[
(1 − τ)yH

1,t − g
H
1
+ bHt

]
−

[
(1 − τ)(RyN

1,t + y
N
2,t+1
) − gN

2
+ R(bHt − gN1 )

]}
which following Lemma 1 is also positive. As

∂bHt
∂gH

2

=
Γ

R(1 + Γ)
(1 − τ)yH

1,t − g
H
1
+ bHt

(1 − τ)yH
2,t+1
− gH

2

∂bHt
∂gH

1

and according to equation (6) it is true that

Γ

R(1 + Γ)
(1 − τ)yH

1,t − g
H
1
+ bHt

(1 − τ)yH
2,t+1
− gH

2

< 1,

∂bHt /∂gH1 > ∂b
H
t /∂gH2 and a simultaneous increase in gH

2
and decrease in gH

1
of equal size decreases bHt . As

∂ ˆbHt
∂gH

1

=
1

Γ
−

1 + Γ

Γ
= −1

and

∂ ˆbHt
∂gH

2

=
1

RΓ

this policy also decreases
ˆbHt . �

Proof of Proposition 6. The partial derivative of bCt with respect to gC1 is

∂bCt
∂gC

1

= −
(1 + Γ)R

[
(RyH

1,t + y
H
2,t+1
) − gH

2
+ R(bCt − gH1 )

]
(1 + Γ)R(bCt − gC1 ) −

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

2
+ R(bCt − gH1 )

]
which following Lemma 1 is positive. The partial derivative of bCt with respect to gC1 is equal to

∂bCt
∂gC

1

= −
Γ(bCt − gC1 )

[
(RyH

1,t + y
H
2,t+1
) − gH

2
+ R(bCt − gH1 )

][
(1 − τ)yC

2,t+1
− gC

2

] {
(1 + Γ)R(bCt − gC1 ) −

[
(1 − τ)(RyH

1,t + y
H
2,t+1
) − gH

2
+ R(bCt − gH1 )

]}
which following Lemma 1 is also positive. It follows from this that

∂bCt
∂gC

2

=
Γ

R(1 + Γ)
bCt − gC1

(1 − τ)yH
2,t+1
− gC

2

∂bCt
∂gC

1

.

28



According to equation (7) it is true that

Γ

R(1 + Γ)
bCt − gC1

(1 − τ)yH
2,t+1
− gC

2

< 1.

Thus ∂bCt /∂gC1 > ∂b
C
t /∂gC2 and a simultaneous increase in gC

2
and decrease in gC

1
of the same size decreases

bCt . As

∂ ˆbCt
∂gC

1

=
1

Γ
−

1 + Γ

Γ
= −1

and

∂ ˆbCt
∂gC

2

=
1

RΓ
,

this policy also decreases
ˆbCt . �
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