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Abstract

In the United States, a half of college enrollees drop out before earning a
bachelor’s degree. This paper examines the effect of a new college subsidy scheme
whose amount varies across years on enrollment, graduation, and the skill pre-
mium compared to the current system in which the subsidy is constant across
years. I find that switching to back-loaded subsidies with the same total budget
increases the number of college graduates and decreases the skill premium more
than the case with increasing the total budget of the current subsidies by 50%,

and are welfare improving despite the fact that enrollment decreases.
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1 Introduction

Wage inequality has been increasing in the United States. The skill premium—the
wage premium of college graduates to high school graduates—has increased from 50%
in 1980 to 90% now. A large literature (ex. Goldin and Katz (2007) and Katz and
Murphy (1992)) argues that the skill premium rises because the increase in the supply
of college graduates does not catch up with the increase in the demand for skilled labor.
In this framework, we can reduce the skill premium by increasing college graduates in
the economy. With this in mind, the existing literature often suggests policies seeking
to increase college enrollment: it often equates enrollment with graduation. However, in
the United States, while over 70% of high school graduates enroll in college, more than
half of them drop out before earning a bachelor’s degree (See Table 1)!. Enrollment
does not necessarily lead to graduation and we should treat enrollment and graduation
as two different margins. It is important for us to understand how policy can affect
graduation separately from enrollment.

In this paper, I propose a new college subsidy scheme in which the amount of subsi-
dies vary with years of college (“year-dependent subsidies”), i.e., subsidies that differ for
freshmen, sophomores, and so on. The existing literature has only considered subsidies
that are constant across years in college. Subsidies that vary by year will have differ-
ential impacts on enrollment and graduation unlike constant subsidies, as the following
example suggests. After they graduate from high school, individuals decide to enroll
in college based on their high school GPA or high school ability. In general, people
with high ability want to enroll. But one’s high school GPA is not necessarily the same

as his/her college GPA. After enrolling, some students learn that their college GPA

!Two-year college graduates who do not transfer are counted as dropout. According to a report
from the National Center for Education Statistics for 1994-2009, more than 80 percent of community
college freshmen say that their ultimate goal is a bachelors or higher degree (Horn and Skomsvold
(2012)). The sheepskin effect of associate degrees is not high (See Kane and Rouse (1995)) and only
5% of enrollees at two-year colleges graduate and do not transfer (See Trachter (2015)).



or college ability is low and drop out. Consider back-loaded subsidies in this setting:
increasing subsidies for the latter years of college and decreasing subsidies for the early
years. People who expect to drop out before earning the increased subsidies for latter
years stop enrolling due to the decreased subsidies for early periods. In contrast, the
marginal college dropout now finds it worthwhile to continue as the subsidies for the
latter periods increase. Therefore, the number of college graduates increases while en-
rollment decreases, and vice versa for front-loaded subsidies. Year-dependent subsidies
can affect enrollment and graduation in different ways unlike constant subsidies. The
question of this paper is how year-dependent subsidies affect enrollment and graduation
and what timing of college subsidies will maximize the number of college graduates and
welfare.

I build a life-cycle general equilibrium model with credit constraints, endogenous
enrollment and dropout decisions. Agents are heterogeneous with regard to initial asset,
high school ability, and college ability. College ability affects utility in college and earn-
ings after graduation. Agents are over-optimistic with regard to college ability before
enrollment in order to be consistent with the existing empirical findings. Agents learn
their college ability after enrollment and decide to drop out or not. These educational
decisions shape the aggregate skill in the economy and the skill premium through im-
perfect substitution between skilled and unskilled labor. I calibrate the model to match
the enrollment, graduation, and the skill premium in the United States given the cur-
rent policy. Using the model, I examine how year-dependent subsidies have differential
impacts from the current constant subsidies on enrollment, graduation, the skill pre-
mium, and the expected lifetime utility of newborns with equal weights. The focus of
this paper is on relative sizes across years and I fix the total budget of college subsidies
at the current level when varying subsidies across college years.

The main finding of this paper is the following. First, it is back-loaded subsidies



HGPA Quantile % graduation

Q1 19%
Q2 31%
Q3 48%
Q4 63%
total 42%

Table 1: College graduation Rates for High school GPA Quartiles

Source: NLSY97. T use the sample of only 25 year old people. Family income is defined as the average
of parental income at 16 and 17 if both are available. I use the one if only one of the two is available.
that maximize the number of college graduates and welfare. Second, by switching to
the back-loaded subsidies with the same total budget, the number of college graduates
increases and the skill premium decreases more than the case with increasing the total
budget of constant subsidies by 50%. With the back-loaded subsidies, college enrollees
have incentive to stay in college and the share of college graduates increases, which
reduces the skill premium. On the other hand, enrollment decreases due to decreased
subsidies for early years. Third, back-loaded subsidies improve social welfare by 0.12%
of lifetime consumption at the steady state, without increasing tax. The gains come
from two effects. First, there is excess enrollment because agents are over-optimistic.
Back-loaded subsidies reduce enrollment and prevent low-ability people from enrolling
and deriving disutility. Second, the reduced skill premium leads to a decrease in the
difference in wages between college graduates and college dropouts, which also reduces
the uncertainty of wages from uncertain college ability, which is beneficial to risk-averse
agents.

The rest of this paper is organized as follows. Section 2 outlines the model and
defines an equilibrium. Section 3 makes the model quantitative by calibration and esti-
mation. Section 4 presents results and, in section 5, I provide discussion and concluding

remarks.



1.1 Related Literature

In the macroeconomic literature, Bovenberg and Jacobs (2005) theoretically derive the
effect of subsidies. Abbott, Gallipoli, Meghir and Violante (2018) emphasize the effect of
subsidies on parental transfers in a quantitative overlapping generations model. Krueger
and Ludwig (2016) analyze the optimal income tax and subsidies simultaneously and
show that the less progressive labor income tax and a large amount of subsidies than
the current state are optimal for a social utilitarian welfare function.

One of the early papers of a model with college dropout is Manski (1989), who show
that dropout has an option value and college enrollees can experiment on the real value
of college going. Arcidiacono, Aucejo, Maurel and Ransom (2015), Athreya and Eberly
(2016), Lee, Shin and Lee (2015), and Castex (2017) analyze how introducing college
dropout into models change the allocation of human capital and returns to education.
Stange (2012) and Trachter (2015) quantitatively show the importance of the option
value of college dropout quantitatively. Hendricks and Leukhina (2017) argue that
college dropout is predictable before enrollment due to the strong correlation between
high school GPA and the dropout rate.

Caucutt and Kumar (2003) and Akyol and Athreya (2005) show the normative
implication of subsidies with exogenous college dropout risk. Hanushek, Leung and
Yilmaz (2014) analyze the effect of various college aid with exogenous college dropout
risk. Although the majority of the literature on college subsidies regard dropout as ex-
ogenous, there are some exceptions. Ionescu (2011) shows the effect of default policies
of student loan on educational decisions. Garriga and Keightley (2007) show the effect
of an increase in subsidies on the dropout decision and labor supply in a general equilib-
rium framework. Chatterjee and Ionescu (2012) argue it is welfare improving to insure
student loan against exogenous financial risk of dropping out with endogenous dropout

decisions. Colas, Findeisen and Sachs (2018) show that optimal college subsidies are



more need-based than the current system. A difference between these literature and
this paper is that they have not considered subsidies that can vary across college years.

The sequential papers of Stinebrickner and Stinebrickner (2008), Stinebrickner and
Stinebrickner (2012), Stinebrickner and Stinebrickner (2014) show that learning aca-
demic ability during college is a main driver of college dropout. The model of this paper

is based on their empirical findings on the reasons of college dropout.

2 Model

The model has four main building blocks. The first is year-dependent subsidies: subsi-
dies that vary with years in college, which is a brand-new ingredient in the literature.
While subsidies are constant across years in the calibration, I examine the effect of
year-dependent subsidies in the following model.

The second is a model of endogenous enrollment and graduation decisions based on
Garriga and Keightley (2007) and Ionescu (2011). At the first period after high school
graduation, individuals make an enrollment decision based on their initial asset and
high school ability. College enrollees learn their college abilities and decide to drop out
of college or not. College ability is a key factor in that it determines utility in college
and the returns to college graduation.

The third building block is an overlapping generations life cycle with incomplete
markets with inter-generational linkage of ability and wealth, based on Abbott et al.
(2018) and Daruich (2017). Individuals in the model face uncertainty with regard to
college ability and labor productivity over life cycle with no insurance available. Indi-
viduals give birth to children with inter-generationally correlated ability and make an
endogenous wealth transfer to their children. College subsidies can crowd-out endoge-

nous wealth transfers from parents.



The fourth building block is a general equilibrium framework with an aggregate
production function featuring imperfect substitution between skilled and unskilled labor
based on Goldin and Katz (2007) and Katz and Murphy (1992). The educational
decisions aggregate to the supply of skill, which determines the skill premium.

Since I focus on a stationary equilibrium in which the cross-sectional allocation
within each cohort is invariant and prices are constant, I do not include any time

subscript in the description of the economy.

2.1 Demography

The economy is inhabited by a continuum of over-lapping generations individuals. Age
is indexed by j € {1,2,...,J}. Each individual has one offspring. At the beginning of
age 1, individuals become economically independent. Everyone begins their life at age
1 (biological age 18) as an independent high school graduate.

Figure 1 is the timeline. At the beginning of age 1, individuals make enrollment
decisions. Once they do not enroll in college, they cannot enroll later. Time is discrete
and one period in the model corresponds to two years. Consistent with college typically
requiring four years in reality, college graduation requires two periods in the model. At
the beginning of age 2, a college enrollee makes a decision about whether to continue
in college or not. Once an individual finishes their schooling, they will be one of three
types: high school graduates (e = HS) for those who do not enroll at age 1, college
dropouts (e = C'D) for those who do not continue college at the beginning of age 2,
and college graduates (e = C'G) for those who finish two periods of college. After that,
they face a standard life cycle problem with income risk.

Individuals give birth to children at age j; = 7 which is biological age 30 (j; =
(30 —18)/2+ 1 = 7). At age j, = 16 (at biological age 48), their children leave and

become economically independent and parents give wealth transfers to their children.
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Figure 1: Timeline.

There are no transfers allowed at other ages?. Individuals retire at age j, = 25 (at
biological age 66) and the maximum age is J = 42 (at biological age 100). It is at age
j» when the child leaves the household with a wealth transfer from parents.

Individuals survive with probability ¢; € [0, 1] between age j and j + 1. I assume
¢; = 1 for j € [0, j, — 1]. The survival rate between j, and J — 1 is taken from the US
Life Tables 2000.

2.2 Preferences

When an individual becomes economically independent at age 1, he or she has prefer-

ences represented by the sum of three components:

1. The expected discounted sum of instant utility:

J

Ei Y 5 ules, ) (1)

J=1

2 If transfers are allowed at other ages such as age 2, the state variables of parents have to include
their children’s state variables and solving the individuals’ problem becomes formidable. Transfers
from parents changes the result mainly when credit constraints bind for their children. As you will see
later, the credit limit for age 1 is tighter than the limit for age 2 and it is unlikely that the transfers
from parents at age 1 changes the outcome.



where

(2)

and c¢; denotes consumption and ¢; is leisure at age j. [E; is the expectation
operator conditional on the information at the beginning of age 1. The individuals
are endowed with one unit of time each period. At age j € [jr, j, — 1], individuals
live with their children and consumption is discounted by 1 4+ ¢ where ( is an

adult equivalence parameter. /3 is the time discount rate.?

2. The expected college utility:

E1d0(30)/\1(9w ¢) + BE1d1<S§)>‘2(967 ¢) (3)

where

Aj(0c, ) = A+ N0+ X7 (4)

and do(sg) is an indicator function which is one if the individual enrolls and d; (s)
is an indicator function for graduation. Individuals derive this utility only while in
college. As in Heckman, Lochner and Todd (2006), the psychic cost of education
is an important factor determining college education. I define A;(f.,$) not as
disutility but as utility without loss of generality. College utility depends on two
components: college ability 6. and college taste ¢. ¢ is fixed over lifetime while

the coefficient )\? can vary across periods (different loading).

I need the two different factors 6. and ¢ for college utility to match the data.
In the data, within the same category of high school ability and family income,
there is heterogeneity in terms of enrollment decisions (it is true neither that

everyone enrolls nor that no one enrolls). To explain it, I need college taste

33 is the effective time discount rate taking into account survival: Bj =3 ( {::1 gok>



¢ unobservable to econometricians. Individuals observe college taste ¢ before
enrollment. I explain ability and college taste in more detail in the individual

problems section.

3. Parental altruism.

B UE (5)

where Vj is the expected lifetime value of their children at the beginning of age
1. T will explain the detail of the value function later. Individuals enjoy their
children’s lifetime utility with a weight v. This is a motive of transfers from

parents to children.

2.3 Goods Sector

There exists a representative firm producing the final good from capital K and aggregate

labor services H following a production function:
Y =F(K,H)=K*H"™™ (6)

where aggregate labor services H is a function of two skill levels: skilled labor S and
unskilled labor U.
H = (a%(H®Y + (1= a®)(H" ") (7)

1

where T is the elasticity of substitution and H® is the aggregate labor services of

skill s = S,U. This representative firm rents capital at prices r + § where r is the
interest rate and & the depreciation rate and hires two skills of labor at wages w® and

wY respectively. Markets for output and inputs are competitive, so that the first order

10



conditions for profit maximization yield:

e (B) s o

WS = (1 — a)d® <%) (%)H ()

w? = (1 —a)(1 —a®) (%)a (%)l_p (10)

There are two types of skill in production while there exist three levels of education. In
the literature on the skill premium as in Katz and Murphy (1992), high school graduates
are assumed to provide unskilled labor and college graduates provide skilled labor. I
assume college dropouts provide unskilled labor. Torpey and Watson (2013)* present
the proportion of jobs in the United States by required education level. They show that
many jobs require either “Bachelor’s degree”, “High school diploma or equivalent”, or
“Less than high school”. Since the model considers only people who have graduated
from high school, the important distinction is “Bachelor’s degree” versus “High school
diploma or equivalent”. I interpret the jobs requiring the former as skilled labor and
the latter as unskilled labor. In addition, they show that only 5% of jobs require “Some
college, no degree” and “Associate’s degree”, which implies that most college dropouts
take jobs requiring education level “High school diploma or equivalent”. Thus I assume
college dropouts provide unskilled labor. For convenience, I define the price of effective

labor by college graduates, college dropouts, and high school graduates as w®® = w?®

and w® = P = Y.

Effective labor per hour is denoted by 55(9, n), which depends on education e, age

4They use the May 2013 data of Occupational Employment Statistics survey (employment data)
and Employment Projections program (occupational education-level designations) by the U.S. Bureau
of Labor Statistics. I assume the jobs for “Bachelor’s degree”, “Master’s degree”, and “Doctoral or
professional degree” in their categories require college graduation. I assume the jobs for “Some college,
no degree”, “Associate’s degree”, and “Postsecondary nondegree award” require some college.

11



j, ability €, and idiosyncratic productivity 1. The stochastic productivity shock 7 is
mean-reverting and follows an education-specific Markov chain 77 (n'|n) > 0 and IIj
denotes its invariant distribution function. Labor productivity of high school graduates
and college dropouts depends on high school ability. Labor productivity of college

graduates depends on college ability.

2.4 College

There is a representative college. To provide a college enrollee with one period of edu-
cation requires k units of skilled labor, which means college enrollees receive education
from professors who themselves are college graduates. I assume education does not
require any capital or unskilled labor.?
The profit of college is
peE —w°kE (11)

where F is the measure of college enrollees and p, denotes tuition. Colleges are compet-
itive and there is free entry. This implies, in equilibrium with positive units of students,
that p. = w’k. In the United States, colleges receive subsidies from governments, which
enables the sticker tuition smaller than the actual education cost. I reinterpret this sit-
uation as follows: colleges do not receive any subsidy while college enrollees receive
subsidies instead. At the same time, they have to pay the full education cost. In both

cases, enrollees pay p. less the subsidy for education.

5 While this is a strong assumption, this formulation captures an important aspect of tuition.
When considering policy changes, it is important to keep track of what happens to tuition. Archibald
and Feldman (2011) argue that college tuition reflects wages of college graduates. Policies that affect
the wages of skilled labor can also affect tuition which potentially has an effect on enrollment and
graduation. While this specification is too simple, it captures the effect of the skill premium on
tuition.

12



2.5 Financial Markets

The financial market is incomplete. There is no insurance market against idiosyncratic
risks and individuals can self-insure using risk-free assets.

Lenders incur the cost of overseeing borrowers to lend capital to workers and the
cost per unit of capital is « > 0. With the non-arbitrage condition, the interest rate to
workers is 7~ = r + ¢. In addition, the borrowing limit for workers of education level e
is A° and retired individuals have no access to loans.

The cost of overseeing college enrollees is ¢ 4+ ¢°*. With the non-arbitrage condition,
the interest rate to enrollees is * = r+ ¢+ 1* = r~ 4+1°. The borrowing limit for college

enrollees is A7 at age j.

2.6 Individual Problems

The lifecycle of individuals is basically composed of education, working, and retirement
stages. Although college enrollees can also work, I call the individuals who are not in

13

college “workers”. Likewise, I call the periods when the individuals are not in college

“working stage”.

2.6.1 Education Stage

Enrollment
At the beginning of j = 1, individuals become independent as high school graduates
and their first decision is whether to enroll in college or not. I define V{ to be the value

function.

%(0’7 0h7777q7¢) = max[‘/lc(a’v 0h7777(J7¢27 1(CL,HS, 6h7n)] (12)

enrolling not enrolling

N

An individual’s initial state is composed of initial assets a, high school ability 6,

an idiosyncratic transitory productivity n from IT7%, parents’ (family) income level g,

13



and education taste ¢.

There are two types of ability that are distinct but related to each other: high
school ability 6, and college ability .. Individuals observe high school ability but do
not observe college ability before the enrollment decision. Individuals observe their high
school ability through high school grade point average (GPA) or test scores during high
school. College ability is only observed after the first period of college. Stinebrickner
and Stinebrickner (2012) present evidence that enrollees do not have perfect foresight
of their college abilities before enrollment. However, college abilities are correlated with

high school abilities and

0. = 0}, + €. where ¢, ~ N(0,0?) (13)

I assume that college enrollees are over-optimistic about their college abilities, in
order to be consistent with an empirical finding of Stinebrickner and Stinebrickner
(2012) that optimism is a key factor of enrollment. They have a longitudinal survey of
students, which asks each student his or her expectation of GPA multiple times. First,
they show that their expectations of college GPA before the first semester is higher than
their actual GPAs on average, which suggests over-optimism. Second, they show that
college enrollees revise their expectations downward after enrollment, which suggests
that they learn about their college abilities after enrollment. Third, students who drop
out in early years are the most optimistic and had the largest downward revisions of

their expectations. Given 6y, enrollees expect that

0. = p.(0n) + Oy +¢e. where e. ~ N(0,0?) (14)
1 abilit
bias actual ability

where p.(0y,) is the bias. If p.(0y) is positive, enrollees are over-optimistic about their

14



college abilities. Furthermore, the bias can depend on high school ability and I assume
te(0n) = o + f1e10n. T assume that the variance of the residual term is identical to the
actual one.

Initial wealth a is endogenously determined as a transfer from their parents as will
be shown later. If Idiosyncratic productivity n is high, there is a good outside option
to work and they don’t want to enroll. Family income level ¢ affects college subsidies
as seen later.

If an individual enrolls, he or she enters the first half of college where the value is
V. If they do not enroll, they start working as high school graduates and its value is
V1.

First half of college

The value of being in the first half of college V[ is

‘/18(0’7 0h7 1,4, ¢) = max 'LL(C, 1—h-— }_7') + Eacwh)\l(eca (b)

/
c,h,a’yy

+ /6E9C|9hE’r]’ max[\‘/QC(a,7 007 77,7 q, QZS)/, ‘/2<a(a,)7 CD: Hha 77/)1]

continue dropout

subject to
ctd +p.—si(q) =a+y—T(cay) (15)
y=wTem5 (0, nh, o > —AS ¢>0, 0<h<1-h (16)
0. = O + pe(0n) + €c, €. ~ N(0,02) (perceived process) (17)

Going to college requires a fraction h of time, tuition p, and additive utility \;(6, ¢)
for each enrolling period. ¢ is consumption, ¥ is labor earnings and a’ is next period
assets. The total tax T'(c, a,y) depends on consumption, asset holdings, and earnings.

College enrollees receive subsidies s;(¢) dependent on family income ¢. They can work

15



as high school graduates during the first half of college.

At the end of the first half of college, college enrollees observe their college ability
0, and a new idiosyncratic productivity 7' drawn from II1°”. College enrollees choose
whether or not to drop out of college after this. If the individual drops out, his or her
education level becomes college dropout (e = C'D) and their value is V5. After dropping
out, all the student loan is refinanced into a single bond that carries interest rate r—.
a(a) is the transformation from the asset position during college to the position after
college so that the total payment is identical. When making this calculation I assume
that fixed payments would have been made for 20 years (10 periods) after dropout®. If
the individual does not drop out, they proceed to the second half of college with value

Second half of college

The Bellman equation for the second half of college is
Vy(a, 01,4, 6) = max u(c,1 —h— h) + XAa(0e, @) + BEy Vs(a(a'), CG,6e,m)  (18)
c,n,a’ vy
subject to

(14r)ja ifa>0
¢+ CL/ +pe - 82((]) -y + T(C7aay) - (19>
(I14+7r%)a ifa<O

y =wPeSP (0., nh, o/ > A5 >0, 0<h<1—h (20)

They can work as college dropout. At the end of period, they complete college and

acquire education level e = C'G and draw a new idiosyncratic productivity 7’ from I1¢¢.

Student loan is refinanced into a single bond and the transformation is a(a’). The value

1—(14r—)" 10
—
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of workers at age j is V.

2.6.2 Working Stage

The Bellman equation for workers is’

C
Vi(a,e, 0,n) = Cf}}g?fy“ (ma 1- h) + BEy 1y Visa(a',e,0,1) (21)

subject to

(I1+7r)a ifa>0
!/
c+ad —y+T(c,a,y) = (22)

(1+7r7)a ifa<O

y =we(0,nh, o >—-A°c>0, 0<h<1 (23)

where T 7, is an indicator function which is one when the individuals live with their
children (5 € [jr,J» — 1]). Ability is § = 6, for high school graduates and college
dropouts. 0 = 6. for college graduates. At each period, idiosyncratic productivity n

transitions according to 7.

2.6.3 Transfer

At the age j,, the individuals’ children become independent and they determine the

amount of transfer. Its Bellman equation is

‘/jb (CL, €, 97 77) = ax E%\eﬁ{f/jb (CL - bv €, 97 9;17 77) + VEn”,(,b‘/O(bv 9;17 77”7 Cj(wegg(ev 77)), ¢)}

b€[0,a)
(24)

where

\N/jb(a, e,0,0;,m) = max u(c,1 —h)+ SE,,Vj,41(d e,0,1) (25)

/
c,h,a Y

" After retirement, labor productivity is no longer a state variable. Thus the Bellman equation for
the last period of workers is V; _i(a,e,6,n) = max¢ .oy u(c,1 —h) + SV (d',€,0).

17



subject to

(14+7r)a ifa>0
/
ctd —y+T(cay) = (26)

(1+7r7)a ifa<O

y =we(0,nh, o >—-A°c>0, 0<h<1 (27)

At the beginning of the period, parents choose their transfer of wealth to their chil-
dren b. Before making any decisions, parents observe their children’s high school ability
¢5,. The density function for the child’s ability is my(6},|6). Parents can observe neither
their children’s initial idiosyncratic productivity n” drawn from IS nor college taste
¢ drawn from the normal distribution N(0,1). Consumption, leisure, asset holdings,
and parental transfers can depend on 6. The value of their children depends on family

income level ¢ which is a function of the potential labor income of the parents.®

2.6.4 Retirement Stage

After retirement at age j,, individuals provide no labor. The Bellman equation is

V}(aﬂ €, 9) = ma/xu(c, 1) + ﬁ¢j+1‘/j+1 (a/7 €, 9) (29)

subject to
c+ad =1+ r)goj_la +ple, ) — T(e, gpj_la, 0) (30)
a>0c>0 (31)

8Note that the parental income is not the actual labor income. The parents can control the actual
labor income by adjusting their working hours. In this setting, this manipulation of parental income
is not allowed and parental income is a function of “potential” income which is labor earnings if they
spend 35% working. Thus the family income mapping is
L if wes(0,n) x 0.35 € [0, 1]
q(wej(0,n)) = 42 if we5(0,m) x 0.35 € [q1, g2 (28)
3 else

where ¢; and g2 correspond to $30,000 and $80,000.

18



The sources of income are interests and retirement benefits p(e,d). In the United
States, retirement benefits are determined by the labor earnings before retirement (see
Appendix B). To capture this, the retirement benefits depend on their ability and
education. The asset inflated by ij_l reflects that assets of expiring individuals are

distributed within cohorts (perfect annuity market).

2.7 Government

The government collects tax T'(c,a,y) from individuals and spends the revenues on
subsidies G, other government consumption G, and retirement benefits. Government
consumption G, is exogenous and proportional to the aggregate output G. = gY. The

total budget of college subsidies is

G.= 3 [ sl (32)

The tax function is

. Y
T(c,a,y) = Tec + Tpral g>0 + TIY — dﬁ (33)

where the proportional consumption tax rate is 7. and the proportional capital income
tax rate is 7, which is levied only on positive net worth. The government gives a
lump-sum transfer d% to each individual where N is the measure of all the individuals.

This reflects the progressive income tax. 7; is the proportional part of labor income tax.

2.8 Equilibrium

The model includes J overlapping generations and is solved numerically to characterize
a stationary equilibrium. Stationarity implies that the cross-sectional allocation within

each cohort j is invariant. In equilibrium, individuals maximize expected lifetime utility,
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firms maximize profits, the government budget is balanced each period, and prices clear
all the markets. Let s7 € S§ be the age-specific state vector for college enrollees and
s; € S; for workers and retirees and s, € Sy for individuals at the beginning of age
1. T also define the age-specific state vector for workers and retirees conditional on

education e as s; € S7. Computation is described in Appendix A.

Definition 1 A stationary equilibrium is a list of value functions of workers and college
enrollees {V;(s;), Vi (s5)}, decision rules of enrollment dy(so) and graduation d,(sf), de-
cision rules of consumption, asset holdings, labor, output, parental transfers of workers
{ei(s5),d(s;5), hj(s;),y;(8;),b(s;)}, decision rules of college enrollees {c5(s5), a’f(s5), hS(s5), y5(s$)},
aggregate enrollees, capital, and labor inputs {E, K, H® HY}, prices {r,w’ wY, p.},

policy 7y, measures pu = {p5(85), p;(85), p5(85)} such that

1. Taking prices and policies as given, value functions {Vy(s5), V;(s;)} solve the indi-
vidual Bellman equations and do(so), di(s7), {c;(8;),a}(s;), hj(s5),;(s5),0(s5)},

{c5(85), s (s85), h5(s5), y5(s§)} are associated decision rules.

2. Taking prices and policies as given, K, HTS, HYC solve the optimization problem

of the good sector and E solves the optimization problem of the education sector.

3. The government budget is balanced.

J
Got Got 3 [ ety = 3 [ Ts(a0). 555 05(s5))e
J=ir J J

§=1,2

+Z/S‘T(cj(sj),aj(Sj’?),yj(Si))dﬂi

where

Ge.=gF(K,H) (34)
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4. Labor, asset, and education markets clear.

H® + kE = H°C (36)
HU — HHS + HCD (37)
where
jo—1
HOE = Z/ €70, h;(s;)dus (38)
j=3 /57
jo—1
Her =Y [ P+ [ P02
=2 J57" 55
jo—1
Hs =Y [ o)+ [ e (1)
=175 ¢
and

jr_l
K= Z/S a;(s;)dp; + Z /S ay (s5)dus (41)
j=1"5j i

=12

E = Z/Sqdu; (42)

7j=1,2

5. Measures p are reproduced for each period: p(S) = Q(S,pn) where Q(S,-) is a
transition function generated by decision rules and exogenous laws of motion, and

S is the generic subset of the Borel-sigma algebra defined over the state space.

3 Calibration

This section describes how I calibrate the model. There are two sets of parameters:

(1) those that are estimated outside of the model or fixed based on the literature and
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(2) the remaining parameters to match key moments given the first set of parameter

values.

3.1 Labor Productivity Process

I assume labor productivity

In 6;(97 n) =Ine* +In V5 + e +1nn (43)

where 97 is the age profile of workers at age j at education level e estimated from PSID
(See Appendix C). The coefficients can vary across education levels.

The ability used in the wage process differs across education levels. For high school
graduates and college dropouts, @ is high school ability which is approximated by In
AFQTS80. n is an idiosyncratic productivity shock uncorrelated with 6, and I can
estimate the coefficients €)' and €5 using In AFQT80. For college graduates, 0 is
college ability. College ability is a composite of a college GPA, quality of college,
college majors, and other factors. Since it is hard to measure, I instrument college
ability using high school ability. From the law of motion connecting high school and

college ability 6. = 6, + €, you can express the log labor productivity as

Ine® +Inyf + b +Inn = Ine” +mny§ + ey + (Inn + ege.) (44)

Since 6, is uncorrelated with Inn + €§e., I can estimate the coefficient € using In
AFQTS80 in the same way”. Table 2 shows the estimated coefficients on ability for each
education level. As in the literature, returns to education are higher for high ability.

[ assume mp(7'[n) is a Markov chain with two states 7y and 7 specific to each

9Since students with high e. are self-selected as college graduates or college dropouts, I estimate
using the Heckman two step estimators.
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HS CD CG

log AFQT 6021263  .7358609  1.306158
(.3102392) (.3144641) (.2388868)

Table 2: Estimated ability slope €

HS CD CG

p¢ 0.9390 0.9545 0.9479
o 0.0166 0.0208 0.0248

7

Table 3: Estimated parameters of wage process

education level. It has exactly the same persistence and conditional variance as the
AR(1) process:
Iny' =p°lnn+e, € ~N(0,05) (45)

After filtering out age effects, I employ a Minimum Distance Estimator with a fixed
effect and a measurement error. I use as moments the covariances of the wage residuals
at different lags and age groups, separately for each education level. In Appendix C,
I discuss sample selections and the detail of the estimation procedures. Table 3 is the

estimated parameters.

3.2 Intergenerational Ability Transmission

Newborns draw their high school abilities ¢} from a normal distribution whose mean

depends on the ability of their parents.
0, = m +m + g, €9 ~ N(0,07) (46)

High school ability is formed partly as a result of genetics, which leads to a correlation
between parents’ and childrens’ ability. In addition, as Cunha and Heckman (2007),

Cunha (2013), and Daruich (2017) suggest, high ability parents earn higher income,
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which increases early educational investment and their children’s high school ability.
In order to estimate the conditional mean of inter-generational ability transmission, I

regressed children’s ability on parents’ ability in NLSY79 to obtain the parameter 0.46'°.

A standard deviation increase in parent’s ability leads to an increase in children’s high

school ability by .46 of a standard deviation.

3.3 Subsidies and Loans

I measure the cost of education from the US Department of Education’s Digest of
Education Statistics. As in Jones and Yang (2015), the education cost is education and
general (E&G) category which excludes dormitories and hospitals. The education cost
per student is $17,187 in 2000.

Since the Federal Pell subsidy Program, which is the largest source of subsidies,
is need-based and only a small fraction of state subsidies are merit-based (less than
18% according to Abbott et al. (2018)), I assume subsidies are not merit-based in the
status-quo.

I adopt Abbott et al. (2018) for the cost of college for enrollees and the subsidy
system of the Unites States (see Table 4 for federal and state subsidies). The cost
of college for enrollees is set to $6,710. It follows that the government subsidizes the
education sector by the difference between the cost of education above and the cost for
enrollees, $17,187 — $6,710 = $10,477. In the model, the subsidies for enrollees are
the sum of this subsidy and the subsidies as in Table 4 which is denoted by 5(¢). In
the current system, college subsidies are constant across periods in college and s;(q) =
s2(q) = 5(q)-

The largest federal loan program in the US is the Federal Family Education Loan

OFor college dropouts and college graduates, # = 6. but I use In AFQTS80 as an instrument as in
the estimation of labor productivity process.
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g  family income  subsidies to students subsidies to colleges total 5(q)
1 - $30,000 $2,820 $10,477 $13,297
2 $30,000 - $80,000 $668 $10,477 $11,145
3 $80,000 - $143 $10,477 $10,620

Table 4: subsidies and family income

Program. Among federal loans, the Stafford loan program was the most common for the
undergraduates so I focus on Stafford loans. A Stafford loan can be either subsidized or
unsubsidized. The difference between these two is interest payments during college but
borrowers have to pay interest after college for either type. I focus on unsubsidized loan.
Students’ interest rate is the prime rate plus 2.3% (= ¢*, annual). I assume students
face a borrowing limit dependent on age. The annual Stafford loan limits are $2,625
and $3,500 for freshmen and sophomores. The loan limit for the first half is assumed
to be $6,125 (= $2,625 + $3,500). The loan limit for the second half is $23,000 which
is the aggregate Stafford loan limit. The borrowing limits for workers are based on self-
reported limits on unsecured credit by education level from 2001 Survey of Consumer

Finances.

3.4 Government Policy

The government consumption and investment over GDP in the United States in 2000
is 17.8% from Bureau of Economic Analysis. Since the government expenditure on
teritiary education in the United States in 2000 is 0.7% of GDP (OECD), g is set to
17.8% — 0.7% = 17.1%. The tax on consumption and capital income are 7, = 0.07 and

7, = 0.27 respectively (see McDaniel (2007)).
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Parameters Interpretation Value

v Coef of relative risk aversion 4
h Study time 0.25
¢ Adult equivalence scale 0.3
a Capital share 33.3%
J Depreciation (annual) 7.55%
p Elasticity of substitution in production 1.41 0.2908
L8 Stafford interest premium (annual) 2.3%
Af Borrowing constraint for 1st half (Stafford loan)  $6,125
AS Borrowing constraint for 2nd half (Stafford loan) $23,000
AHS Borrowing constraint, HS (SCF) $20,754
ACP Borrowing constraint, CD (SCF) $24,833
ACC Borrowing constraint, CG (SCF) $37,832
Te Consumption tax rate ™%
Th Capital income tax rate 27%
g Gov cons to GDP ratio 17.1%

Table 5: Parameters determined outside the model.

3.5 The Remaining Parameters

Given the parameter values set outside the model in Table 5, there are 16 remaining
parameters: bias of expectation of college ability (u2, ul), college utility (A%, A1 A{, AS),
the variance of college ability o., productivity of labor (a®, €“?), education cost , utility
parameters (u,,v), lump-sum transfer d, overseeing cost ¢, and inter-generational
ability parameters (m, oy,).

I choose 27 moments in Table 7 and minimize the average Euclidean percentage
deviation of the model from the data!'!. The enrollment and graduation rates across
ability and family income and the skill premiums are the main theme of the paper.

Optimism is a key driver of college dropouts and I try to match the difference between

the graduation rates students expect and the actual one. According to Stinebrickner and

HFor the mean of high school ability, I chose 5.03, which is the mean of In AFQTS80 before nor-
malization, for the denominator of the percent deviation. I do not take the percent deviation for the
enrollment and graduation rates.
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Stinebrickner (2012), on average, students of the college they survey believe that there
is an 86% chance of graduating while approximately 60% of students graduate. The
percent difference is 43%(= 0.86/0.60 — 1). Since the educational decisions are strongly
dependent on ability, matching the mean and standard deviation of high school ability
are also important.

The third column of Table 6 presents the calibrated values. The calibrated value of
[Lc 18 positive. Enrollees are optimistic about their college ability on average. Since the
standard deviation of college ability is 0.38'2, the bias for the mean ability is 50% of the
standard deviation of college ability. In addition, enrollees with lower high school ability
are more optimistic than enrollees with higher high school ability. These characteristics
are consistent with the bias of college GPA observed in Stinebrickner and Stinebrickner
(2012). \Y is negative and agents derive disutility from college. A positive A\! implies
that the disutility is smaller for agents with high ability than agents with low ability.

The model fit is presented in Table 7 and Figures 2 and 3. In general, the model
fits well considering over-identification of 16 parameters against 27 moments. In the
data, ability is correlated with enrollment and graduation more than family income and
the model captures this pattern. Although the graduation rates across family income
are somewhat flatter than the data, they capture the key pattern. The enrollment and
graduation rates are higher for the second quartile than for the third quartile. This
might be because there are only three bins for family income ¢ and there is a jump of

subsidies when people cross over the threshold of family income.

3.6 Validation Exercises

Partial Equilibrium Effect of Year-Invariant subsidies

The elasticity of enrollment with regard to tuition or subsidies has been extensively

12The square root of the sum of the variance of high school ability and ¢2. 0.38 = 1/0.2122 + 0.3182
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Parameter Description Value

ul college ability bias intercept 0.191
pul college ability bias slope -0.423
A college utility intercept -18.3
p college utility slope 212
Xf first period college taste 57.4
)\g second half college taste 41.4
a® productivity of skilled labor 0.473
e“P productivity of CD 1.04
Oc s.d. of college ability 0.318
K education cost 0.209
1 consumption share of preference 0.415
15 time discount rate 0.939
v altruism 0.0958
d lump-sum transfer ratio 0.125
L borrowing wedge (r~ =r +¢) 18.3%
m intergenerational ability transmission intercept -0.0417
Oh intergenerational ability transmission s.d. 0.169

Table 6: Parameters calibrated.

Moment Model  Target
Enrollment rate of ability quartile (figure) (figure)
Graduation rate of ability quartile (figure) (figure)
Enrollment rate of family income quartile (figure) (figure)
Graduation rate of family income quartile (figure) (figure)

Skill premium for CG* 89.7% 89%

Skill premium for CD 19.8% 20%
Expected/Actual graduation rate —1 0.436 0.433

Education cost/mean income at 48 0.311 0.33
Hours of work 33.6%  33.3%

K/Y 1.310 1.325

Transfer/mean income at 48 66.7%  66%

log pre-tax/post-tax income 60.5%  61%

Borrowers 6.81%  6.3%

Mean of AFQT -0.0077 0
Standard deviation of AFQT 0.212 0.21

Table 7: Moments matched.

®The skill premiums are from full-time workers in Current Population Survey (CPS) IPUMS (Flood,
King, Rodgers, Ruggles and Warren (2018))
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Figure 2: Model fit: enrollment and graduation rate for each ability quartile.

examined in the micro empirical literature. I simulate the partial equilibrium response
of enrollment to a $1,000 increase in subsidies for all the college years and family income
evenly. All the prices and the distribution of initial state are fixed at the current level
and additional subsidies are given to only one generation.

The aggregate enrollment rate of the affected generation increases by 1.11 percentage
points in the simulation. The micro-emprirical literature has estimates of the effect of

subsidies on enrollment by Dynarski (2002), Kane (1994), and Cameron and Heckman
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Figure 3: Model fit: enrollment and graduation rates for each family income quartile.

(2001). While this literature argues that the enrollment rate of groups benefitting from
an additional subsidy of $1,000 increases by between 3 to 6 percentage points, Hansen
(1983) and Kane (1994) argue that there is less evidence of a rise in college enrollment
of the target of the Pell Grant program (See Kane (2006) for the empirical literature).
Therefore the simulation is broadly in the range of the literature. In addition, the
increase in enrollment is smaller in the model than in the data, which implies this

calibration is a more conservative choice. If the response of enrollment is high, the
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effect of changing subsidies is also high and I overestimate the effect of switching to
year-dependent subsidies.

Since this paper studies the effect of subsidies on graduation, it is interesting to
know how an increase in enrollment leads to changes in the shares of college gradu-
ates and dropouts separately. An increase in subsidies has two effects. Enrollment
can increase due to an increase in subsidies for the first half period. Graduation can
increase due to an increase in subsidies for the second half. In the simulation, the share
of college graduates increases by 0.49 percentage points and that of college dropouts
increases by 0.62 percentage points. Not only the people who are induced to enroll
by the additional subsidy but also those who would already have enrolled without the
additional subsidy have incentive to stay until graduation. This is consistent with Dy-
narski (2008), Castleman and Long (2016), Scott-Clayton (2011), Scott-Clayton and
Zafar (2016), Denning, Marx and Turner (2018), and Sacerdote, Bettinger, Kawano,
Gurantz and Stevens (2019) who all find a positive effect of subsidies on graduation.

Sluggish Increase in College Graduates

The sluggish increase in college graduates in the United States between 1980 and
2000 is a crucial factor to explain the increase in the skill premium. In this subsection,
I examine how well the model can explain this sluggish increase. The benchmark
calibration is targeted to the United States in 2000 and I assume only the productivity
of skilled labor a® and productivity of college dropouts €“” change in the model between
1980 and 2000. In particular, I set the values of a® and €“” to match the college graduate
wage premium 46.0% and the college dropout wage premium 12.4% as observed in 1980
in the United States with the other parameter values fixed. I compute the steady state
with the new values and call it “1980 steady state.” The first two rows of Table 8 show
that the wage premiums for college graduates and dropouts in the model and the data.

By definition, the change in the model and in the data match. While I target the change
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1980 2000 change (model) change (data)

college graduate premium 46.0% 89.7% 43.7pp 43.2pp
college dropout premium 12.4% 19.8% 7.4pp 7.4pp

share of college graduates 29.3% 34.6% 5.3pp 9.81pp
share of college dropouts  42.4% 40.8% -1.6pp -0.14pp

Table 8: Change in the share of college graduates and dropouts

in the skill premium, I use the change in the share of college graduates and dropouts
as non-targeted moments to compare with the data.!'?

The third and fourth rows of Table 8 show the change in the share of college gradu-
ates and dropouts between “1980 steady state” and the benchmark calibration targeted
to year 2000. As the college graduate premium increases by 43.7 percentage points from
1980 to 2000, the third column shows the share of college graduates increases by 5.3
percentage points. Although this is smaller than the data in the fourth column, the
model can explain the sluggish increase in the share of college graduates. Interestingly,
the share of college dropouts does not change in the model with the college dropout
premium increasing, which is consistent with the data. The increase in the college
graduate wage premium cancels out the effect of the increase in the college dropout

wage premium.

4 Results

The section is composed of three exercises. In the first exercise, I increase overall
spending without changing the structure of subsidies, financed by the proportional
labor income tax, and examine how it affects enrollment, graduation, and the skill

premium. In the second exercise, I keep total spending fixed but choose subsidies by

13T use the Current Population Survey IPUMS for the wage premiums in 1980 and the change in the
shares of college graduates and dropouts between 1980 and 2000. For the shares of college graduates
and dropouts, I follow the definition of Castro and Coen-Pirani (2016).

32



G, 075G, G, 1.5G. 2G.,

enrollment rate 73.7% 75.4% 77.9% T79.1%
share of college graduates 33.8% 34.6% 35.9% 36.9%
skill premium 94.5% 89.7% 83.0% T77.3%

Table 9: The elasticity of education: year-invariant subsidies

year to maximize the number of college graduates in the steady state. In the third
exercise, I keep total spending fixed and choose subsidies to maximize the expected

lifetime value of new borns in the steady state.

4.1 The Effect of Year-Invariant Subsidies

As a benchmark case, I examine the general equilibrium effect of a permanent change in
the total budget of year-invariant subsidies on educational choice and the skill premium
at the new stationary equilibrium. First, G, denotes the current level government total
budget or expenditure for college subsidies. I show how the share of college enrollees
at age 1 and the share of college graduates at age 2 change as the government subsidies
expenditure G, changes exogenously as follows: G, = 0.75G,,G., 1.5G.,2G.. The
proportional labor income tax rate 7; is adjusted to the changes in the total budget.
The subsidies across college years and family income proportionally change with G,
fixed.

The first row of Table 9 displays the proportion of agents who enroll in college at
the beginning of age 1 for each budget level, which measures enrollment in the economy.
The second row of Table 9 displays the proportion of agents who graduate from college
among the whole population aged 2, which measures the share of college graduates
in the economy. Both enrollment and the share of college graduates increase as total
budget increases. Since skilled and unskilled labor are incomplete substitutes and the

supply of skilled labor increases, the skill premium decreases.
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4.2 The Effect of Year-Dependent Subsidies

In this subsection, I derive the year-dependent subsidies that maximize the number of
college graduates. We are interested in the relative amount of subsidies across college
years rather than the level of total subsidies. Thus I fix the total spending at the current
level and only allow the relative sizes of subsidies to change across college years. The

maximization problem is formulated as

max / dus® (47)
91,92,T¢ SQCG
subject to
[ onstdus+ [ gustarin; =G (13)
St S5

and the government budget constraint. The objective of this problem is the share of
college graduates in the society. The new subsidies are s1(q) = ¢15(q) and ss(q) =
925(q) where 5(q) is the current college subsidy system (note that current subsidies are
independent of years in college). In this problem, the government chooses the general
levels of college subsidies for each period compared to the current system, ¢g; and g».
If T increase g; (subsidies for the first half of college), the general level of subsidies for
the second half g, has to decrease. Since the composition of education changes, the
aggregate labor income changes and 7, needs to be adjusted to balance the government
budget even though the budget for college subsidies are fixed.

Note that the space of the college subsidy system available in this problem is re-
stricted. In particular, I do not allow to change the relative subsidies across family
income and ability from the status-quo. For example, the ratio of subsidies for ¢ = 1
and ¢ = 2 is fixed at the current state. I want to focus on how the year-dependency of
college subsidies affects educational choices and the skill premium independently from

other changes such as the relative subsidies across family income levels.
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s;(q) year-invariant year-dependent
s1(1) $13,599 $57

51(2) $11,447 $48

s1(3) $10,922 $46

s2(1) $13,599 $41,090
$2(2) $11,447 $34,587
$2(3) $10,922 $33,001

Table 10: Year-dependent subsidies maximizing the number of college graduates.

Table 10 shows the amount of annual year-invariant and year-dependent subsidies.
The first column is identical to the case of year-invariant subsidies with G, = G.
and the second column is the solution to the problem maximizing the share of college
graduates. The first three rows are college subsidies at the first half across family
income level ¢ = 1 to 3 from the top to the bottom. The next three rows are college
subsidies at the second half in the same way. In the year-dependent case, the optimal
subsidies are back-loaded: subsidies are more generous for the second half than for the
first half. The year-dependent subsidies for the first half is almost negligible.

The rows 1 and 2 of Table 11 display the enrollment rate the share of college gradu-
ates for each case. Year-dependent subsidies reduce the enrollment rate by 5.3 percent-
age points and increase the share of college graduates by 2.3 percentage points. The
share of college graduates with the year-dependent subsidies is as much as the case with
doubling the budget of the current year-invariant subsidies. The skill premium for col-
lege graduates is 80.2%, which is between the premiums attained by the year-invariant
cases of G, = 1.5G, and G, = 2G,.. With the total budget for college subsidies fixed,
switching from year-invariant to year-dependent subsidies is as effective in increasing
college graduates as increasing the total spending of year-invariant subsidies by 50%.
Changing the structure of college subsidies has as much a power effect as increasing the

budget.
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year-invariant G, year-invariant 2G, year-dependent G,

enrollment rate 75.4% 79.1% 70.1%
share of college graduates 34.6% 36.9% 36.6%
skill premium 89.7% 77.3% 80.2%

Table 11: The elasticity of education: optimal mix

The mechanism of the effect of year-dependent subsidies is the following. In the
current system, already 70% of people enroll in college. Increasing enrollment will
basically encourage more people to enroll who are likely to drop out. This means that
the enrollment margin is not so important from the perspective of getting people to
graduate. The marginal person who drops out is better able to benefit from college
than the marginal person who does not enroll. It is easier to create incentives for the
marginal dropout to finish than to create incentives for the marginal non-enrollee to
enroll and finish. Decreasing subsidies for the first period serves mainly to discourage
people who are unlikely to graduate from enrolling. The higher subsidies for the second
period encourages marginal dropouts to finish.

There is another mechanism of back-loaded subsidies. In the current system, the
government has paid subsidies to all the people who enroll but drop out. With back-
loaded subsidies, the government does not need to pay high subsidies to people who
drop out before the second period and can give more subsidies to college graduates,
which increases the number of college graduates. In fact, as Table 10 shows, with the
back-loaded subsidies, the sum of the subsidies to college graduates for the two periods
for the middle family income is $34,635 which is higher than the case of the current
system $22,894. The back-loaded subsidies are more cost-effective from the perspective

of increasing college graduates.
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4.3 Welfare Analysis of Year-dependent subsidies

In this subsection, I examine how year-dependent subsidies can improve welfare. As
in the previous section, I fix the total budget on college subsidies at the current level
and examine how welfare improves by only varying the relative sizes of subsidies across

college years. The optimization problem for the optimal policy is

maX/ ‘/E)Sp(aw Q;“ n,4q, ¢)d,uo (49)
91,92 SO
subject to
/ 915(q)dpy + / 925(q)dps = G (50)
5§ S5

and the government budget constraint. This problem maximizes the sum of the value
of newborns with an equal weight, which is the concept of utilitarian. V57 is the value
function of newborns with no bias (u.(6,) = 0 for all 6,). This assumption implies
that the government implementing the optimal policy evaluates the expected lifetime
value with rational expectation, which is different from the value agents expect before
enrollment.

Table 12 displays the optimal college subsidies. The optimal subsidy is back-loaded
and the amount for the second half is 1.3 times the subsidy for the first half. As
in the previous section, the first and second rows of Table 13 show that enrollment
decreases by 0.5 percentage points and the share of college graduates increases by 0.2
percentage points by switching to the optimal policy. The skill premium decreases by
1.1 percentage points.

To examine the welfare effect of the optimal policy, I use lifetime consumption
equivalence as a summary measure of welfare. Let \70517 (¢, h; s¢) be expected lifetime

utility at age 0 with the path of consumption ¢, leisure h with the initial state sq with
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Status-quo Optimal

si(1)  $13,599  $12,529

s1(2)  $11,447  $10,547

si(3)  $10,922  $10,063

so(1)  $13,599  $16,088

$2(2)  $11,447  $13,542
(3)

$10,922  $12,921

Table 12: Optimal policy of year-dependent subsidies.

Status-quo Optimal

share of college enrollees 75.4% 74.9%
share of college graduates 34.6% 34.8%
skill premium 89.7% 88.6%

Table 13: The effect of the optimal year-dependent subsidies with correcting bias.

no optimism. Then lifetime consumption equivalence is defined as wy,; such that

/ f/(fp(cB,hB;so)dué3 :/ ‘787’((1—I—cuto,g)cA,h“‘;so)alug1 (51)
S() SO

In addition, as in Bénabou (2002), I decompose the lifetime consumption equivalence
into three parts: (i) a level effect which measures the gain in aggregate consumption,
leisure, and college utility (ii) an uncertainty effect which measures the effect of volatil-
ity of consumption and leisure paths on utility of risk-averse agents with incomplete
markets, and (iii) an inequality effect which measures the distribution of initial condi-
tions. The sum of these three effects might not necessarily be the toal welfare effect. I

follow Abbott et al. (2018) in detail.

Total Level  Uncertainty Inequality
Optimal 40.12% +0.06%  +0.05% —0.05%

Table 14: Welfare decomposition when correcting bias.
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Status-quo Optimal

Y 0.316 0.316

K 0.415 0.414

C 0.210 0.209
w¢ 0.367 0.366
wP 0.397 0.397
wis 0.397 0.397
std ¢ 0.128 0.127
std a 0.476 0.475
std h 0.0837 0.0836
std wage 0.541 0.538

Table 15: The aggregates under the optimal year-dependent subsidies.

The welfare gain is decomposed in Table 14. First, the total welfare gain for new-
borns is 0.12%. The level effect is 0.06% and there is an efficiency gain while output,
capital, and consumption decrease (Table 15). In the current system, individuals are
over-optimistic and there is an excessively large amount of college enrollees. The opti-
mal back-loaded subsidies screen people who enroll. By reducing subsidies for the first
half, thew enrollee with low ability stop enrolling, which reduces college disutility of
low ability enrollees. Optimism is a key factor for the optimal college subsidies. In the
Appendix E, I calibrate the case without optimism and examine how the assumption
about optimism matters.

The uncertainty effect is 0.05% as there is less uncertainty under the optimal policy.
Due to a smaller skill premium, there is a less difference in wages between college
graduates and dropouts. The policy can reduce the uncertainty of lifetime income from
dropout decisions.

The inequality effect is -0.05% as there is more inequality across ex ante hetero-
geneous agents at the initial period under the optimal policy. It is counter-intuitive
because the skill premium decreases by 1.1 percentage points and the standard devia-

tions of consumption, asset, hours, and wages per hour decreas as shown in Table 15.
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g=1 ¢=2 ¢=3

0=1 —-02% +0.5% +0.1%
0=2 —-05% +02% +0.1%
0=3 —04% —-0.0% +0.2%
0=4 —-03% —-0.1% +0.1%

Table 16: Lifetime consumption equivalence variation for newborns.

Although inequality as of period 1 increases, cross-section inequality in the economy
decreases under the optimal policy.

In order to see why it increases inequality as of the initial state, I calculate the welfare
gain for each ability and family income level in Table 16**. Given family income, the
welfare gain is greater for people with low ability. Since the price of effective labor
for high school graduates and college dropouts increases as in Table 13, the welfare of
agents with low ability increases more than other agents.

Given the same ability level, the welfare gain is greater for high family income,
which is consistent with the negative inequality effect'®. Enrollees from poor family get
less transfer from parents and the borrowing constraint for the first period ($6,125) is
tighter than for the second period ($23,000). It follows that reducing subsidies for the
first half can reduce the consumption by agents from poor family during the first period
of college. But the optimal policy does not prevent people who have enough ability to
expect to graduate from enrolling for the following reasons. First, there is a correlation
between ability and initial assets: high ability rich parents are more likely to have high
ability children and give a larger transfer. Therefore people with high ability can use
the transfer to smooth consumption during the first period of college when the credit

limit is tight.

14 The distribution of ability is different between the status-quo and the optimal case because the
share of college graduates changes the mean ability of the future generation. Each ability quartile on
the table is the quartile of the status-quo.

15While the welfare loss of agents from poor family (¢ = 1) is large, the fraction of the poor family
is only 6% and the contribution to the social welfare is small.
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% of subsidy loss

Subsidies -100%
Labor income +19%
(Price of hours) +11%
(Leisure) (-0.0018)
Transfer from parents +0.07%
-Savings +74%
-Tuition +4%
Consumption -5%

Table 17: Change in each item of the income.

In order to see how people react to the loss of college subsidies for the first period,
Table 17 shows the average change in each part of the earnings and consumption for
an individual with 8, = 0, ¢ = 1, n = ng, and ¢ = 0 at the first half of college. The
loss of subsidies for the first half of college does not lead to the same amount of loss of
consumption. First, the labor income increases and covers a 19% of the loss of college
subsidies because the wage of unskilled college enrollees is higher due to the smaller
skill premium given the working hours fixed. The third row presents that the change
in the potential labor income if the agent works for the fixed hours 1 — h as a ratio
to the loss of college subsidies. In addition, under the optimal policy, agents work for
longer hours to mitigate the loss of college subsidies. As the fourth row shows, they
cut their leisure by 0.0018 out of the unit hour endowment. Second, since the college
subsidies are shifted to the second half of college, savings for the second half of college
are reduced. This covers a 74% of the loss of college subsidies Third, tuition of college
decreases due to the lower wage of skilled labor under the optimal policy, which covers
a 4% of the loss of college subsidies. In total, the agents can mitigate the loss of the
college subsidies by 95%(= 100% — 5%) for consumption. These results are consistent
with the findings by Keane and Wolpin (1997) and Garriga and Keightley (2007).
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Total Level  Uncertainty Inequality

correct bias +0.80% —6.07% +3.55% —1.56%
correct bias (Optimal) +1.07% —5.56%  +3.39% —1.51%

Table 18: Welfare decomposition when correcting bias.

Status-quo Correcting bias Optimal

share of college enrollees 74.3% 47.4% 48.5%
share of college graduates 32.2% 28.3% 27.8%
skill premium 88.6% 120% 124%

Table 19: The elasticity of education: optimal mix

4.4 Correcting Bias

A large part of the welfare gain of year-dependent subsidies originates in optimism.
If the government can provide information to students to correct the bias on college
ability before the enrollment decision, it can improve welfare and we might not need to
rely on year-dependent subsidies. In this subsection, I show what is the welfare gain by
correcting bias and compare it with year-dependent subsidies without correcting bias.

The first row of Table 18 shows the welfare gain from correcting bias with the current
subsidies. As in the second column of Table 19, the enrollment rate drops significantly
after correcting bias. Without optimism, enrollment is excessively small because there
is a borrowing constraint and no insurance available about the risk of college ability. In
the current system, while optimism leads to excessive enrollment, optimism also cancels
out the effect of the tight credit limit of the first period in college. After correcting
bias, the second effect is greater and enrollment is excessively small. On the other
hand, less people enroll and have dropout risk, which leads to a positive uncertainty
effect. Due to the loss of enrollment and college graduates, the skill premium increases
and the inequality effect is negative. In total, the loss from a large skill premium and

excessively small enrollment is less the gain from avoiding the excessive enrollment from
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Status-quo Optimal

si(1)  $19.832  $24,089

s1(2)  $16,6904  $20,277

s1(3)  $15,928  $19,347

so(1)  $19,832  $11,962

$2(2)  $16,604  $10,069
(3)

$15,928  $9,608

Table 20: Optimal subsidies with correcting bias

optimism.*¢

To examine whether combining year-dependent subsidies with correcting bias, I
solve the optimal policy problem in Section 4.3 without bias, that is p.(6,) = 0 for
all 8,. The solution is the second column of Table 20. The optimal subsidy is front-
loaded: greater for the first period than for the second period. As in the third column of
Table 19, by subsidizing college in the first period, the policy can mitigate uncertainty
of college ability and increase enrollment. Even if the government can correct bias
and do not need to implement back-loaded subsidies, there is a welfare gain by using
year-dependent subsidies on the other way around: front-loaded subsidies.

Although the welfare gain for newborns is higher with correcting bias than the case
of year-dependent subsidies without correcting bias, it does not imply that correcting
bias is beneficial to the whole population. I use the social welfare function adding up
the sum of the value of the whole population (not only newborns but also older agents)
and derive the welfare measure of lifetime consumption equivalence. Table 21 displays
that the welfare gain for the whole population is significantly negative if correcting bias.
The skill premium is higher than the current state when correcting bias and it leads to

an increase in wage inequality across the whole population and reduces welfare.

16Correcting bias reduces the initial expected value agents have in mind even with the allocation
fixed. However this is not the origin of the welfare loss of correcting bias. The welfare of the optimal
policy is calculated by the social planner who does not have optimism even before correcting bias.
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optimal no bias no bias optimal

Optimal +0.15% —8.03% —7.83%

Table 21: Welfare for the whole population.
5 Conclusion

The skill premium has been expanding in the United States and policymakers often
consider educational subsidies as a tool to increase college enrollment and decreasing
inequality. However, enrollment does not necessarily lead to graduation and it is im-
portant to understand how policy can affect graduation. This paper quantitatively
assesses the effects of year-dependent subsidies on enrollment, graduation, and the skill
premium compared to year-invariant subsidies. With back-loaded subsidies, the num-
ber of college graduates increases and the skill premium of college graduates decreases.
Switching to back-loaded subsidies, with the total budget fixed, can increase the fraction
of college graduates and reduce the skill premium more than doubling year-invariant
subsidies. Back-loaded subsidies improve welfare without increasing the total budget
of college subsidies and increasing tax.

While this paper has focused on the structure of subsidies as a policy tool to decrease
inequality, redistribution through progressive taxation can also reduce consumption
inequality. A future work is contrasting progressive taxation with college subsidies to
combat the skill premium. While there is literature on the optimal progressive taxation
and college subsidies, they often abstract from college dropout and dropout might affect
the optimal taxation and college subsidies as follows. Increasing subsidies might end
up with more college dropouts, which does not lead to a decrease in the skill premium.
While a progressive income tax reduces the risk of dropout, it might create incentive
to drop out.

Although this paper focuses on college, the mechanics is applicable to other educa-
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tion levels such as more than college graduation. Increasing subsidies for post-college
might lead to an increase in workers of post-college, which affects the distribution of
skill and wages. Changing the amount of subsidies within education before college
might also have effects. More generally, age-dependent subsidies to human capital in-
vestment after finishing schooling could be beneficial under a similar mechanism to
this paper. Subsidies dependent on education levels have potential to be an important

policy intervention.
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A Computation of Stationary Equilibrium

This section describes the method of computing an equilibrium. Prices are normalized

such that the average annual income of high school graduates at age 48 is $51,933.

K HS

1. Starting from an initial vector of aggregate variables w = (ﬁ, = H, Tl) , compute

prices r, wg, wy and pension p(e, ) required for individual decision problems.

2. Given these variables, solve individuals’ decision problems. This step consists of

sub-steps.

(a) Solve backward the Bellman equations for age j = J, ..., j,+ 1. The number
of grids for assets is 30 and that for high school ability and college ability

is 5. The number of grids for college taste is 30'7. I apply the esndogenous

"The grids of assets depend on age. The range of the grids for high school ability is [—.55,.55] and
that for college ability is [—1.1,1.1]. The range of grids for college ability is broader because of the
higher variance. That of college taste is [—2,2].

20



grid method.

(b) Given an initial guess of the value function of newborns V?, solve backward
the individual problems from 5 = j;,---,0 for value functions and policy

functions. It leads to a new Vj.

(¢) I implement a Howard-type improvement algorithm: that is, with the deci-

sion rules fixed, update Vj until the guess and the value functions converge.

(d) Given the converged Vj, resolve decision rules of individuals until conver-

gence.
3. I interpolate linearly assets and ability to 80 and 25.

4. Starting from an initial measure p and given decision rules, solve forward from

1o to py and update g until convergence.

5. Given the measures, derive the new aggregate variables K, H, H® h and 7, from

the government budget constraint and go back to step 2.

B Pension

The average life time income is

S wees(6, 1)h

¥e,0) = Jr —2

(52)
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The pension formula is given by

(

siile. ) for (e, 0) € [0, b1)

s1bi + s2(4(e, 0) — br) for j(e,0) € [b1, b2)
ple,0) = (53)
s$1b1 + Sg(bg — bl) + 33(2}(6, 9) — bg) for ?)(6, 9) € [bz, bg)

K8151 + s2(ba — b1) + s3(bs — b2) for (e, 0) € [bs, 00)

where 1 = 0.333, 51 = 0.9, 85 = 0.32, 53 = 0.15, by = 0.22§, by — 1.337, by = 1.997,
7 = $28,793 annually.

C Labor Productivity Process

I use the Panel Study of Income Dynamics (PSID). I use data for the waves from
1968 to 2014 (from 1997 the PSID has become biannual). I restrict the SRC sample
of heads whose age is between 25 and 63, which leads to 11,512 samples. I restrict
observations to those with positive hours of labor in the individual (but lower than
10,000 annually). I keep only people who do not report extreme changes of hourly
wages (changes in log earnings larger than 4 or less than -2) or extreme hourly wages
(less than $1 or larger than $400). I keep only people with 8 or more year observations,
which leads to 3,518 samples. Quadratic age polynomials are separately estimated,
by education group with year dummies. High school graduates are people with 12
years highest grade completed. College dropouts are with highest grade completed
between 13 and 15. College graduates are with highest graded completed greater than
16. The estimation result is in Table 22. I take the average of the productivity of
the corresponding two years for the productivity of j in the model and normalize the

process so that the productivity at the first period after education is unity.
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HS CD CG

Age 0530181  .0684129  .0955783
(.0030501) (.0040353) (.0036997)
Age®  -.0005314  -.0006872  -.0009521
(.0000356)  (.0000474)  (.0000429)

Table 22: Age profile estimates of each education.

For the law of motion of residuals, I use the same sample and use the residuals of
the regression for the age profile. For estimation, I normalize job experience to 0 as age
minus 18 for high school graduates, age minus 20 for college dropouts, and age minus
22 for college graduates and apply a Minimum Distance Estimator for different lags and
different experience of the residuals for age 25 to 40. I assume there is a measurement
error from an identical and independent distribution. I also assume there is a fixed

effect and estimate the persistence p®, the variance of the residual ¢¢, the variance of

n
the fixed effect, and the variance of the measurement error for each education level.

Ability is approximated by the log of AFQT80 raw score. To estimate the coefficient
on ability in effective labor, I use NLSY79 of 11,864 people. For the ability regression, I
restrict samples aged between 25 and 63, which leads to 11,627 people. Since NLSY79
does not include old people, I rely on PSID to estimate the age effects. After the
age effect is filtered out, I regress hourly wages on ability for each education levels
(HS, CD, and CG). As in the selection of PSID, I keep only people who do not report
extreme changes of hourly wages (changes in log earnings larger than 4 or less than -2)
or extreme hourly wages (less than $1 or larger than $400). I keep only people with 8
or more year observations, which leads to 3,851 people. I exclude enrolled students and
hours worked per week less than 20. I also control dummies for each year.

To handle the selectivity bias problem, I use Heckman two step estimators. For high

school graduates, I assume a linear selection equation of log AFQT80 and year dummies

and the whole sample is people whose educations are higher than high school graduates.
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Among the people who graduate high school, people with less ability are self-selected
as high school graduates. For college dropouts and college graduates, I assume a linear
selection equation of log AFQTS80 and year dummies and the whole sample is both
college dropouts and graduates. Among the people who enroll in college, people with
high ability are self-selected as college graduates and people with low ability as college

dropouts.

D Intergenerational Ability Transmission

To estimate the transmission of ability from parents to children, I rely on the data
from NLSY79 to approximate parents’ ability and "NLSY79 Child & Young Adult” for
children. The "NLSY79 Child & Young Adult” survey started in 1986 and has occurred
biennially since then. This survey provides information of test scores of the children of
the women in the NLSY79 dataset. The test scores reported include the PIAT Math,
the PIAT reading recognition, and the PIAT reading comprehension.

There are 11,521 children born to 4,934 female respondents of NLSY79. To focus on
cognitive ability, I use the PIAT Math to approximate high school ability of children.
In particular, I use the standardized PIAT Math score, which adjusts different age in
which the test is taken and is comparable across age. If there are multiple PIAT Math
scores for a child, I use only the latest score. I exclude the children whose PIAT Math
scores are missing. This leaves me with 9,232 children born to 4,055 mothers.

I use AFQT scores to measure mothers’ ability. In particular, I only use the respon-
dents whose both AFQT scores and education levels are not missing. I focus on people

with high school degrees. This leaves me with 6,193 children born to 2,828 mothers.
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E Calibration without Optimism

In this paper, I assume that students are overoptimistic about their college abilities
before enrollment and it is a key factor for the large college dropout rate in the United
States. In addition, I show that this assumption is crucial to the main results. In
this chapter, I examine a different approach to explain the large college dropout in the
United States: a large option value of college enrollment. If the uncertainty of college
ability given high school ability is large, returns to graduation can be large or small. If
it turns out large after enrollment, enrollees can stay in college to earn the high returns
to graduation. If it turns out low, enrollees can drop out of college to dismiss the low
returns to graduation. This asymmetry of returns increases the benefit of enrollment. I
assume f.(0;) = 0 for all 8, and instead assume that the standard deviation of college

ability given high school ability is
oe(0) = o, exp(a?0,) (54)

Table 23 displays the calibrated values under the specification without optimism.
As you see, the intercept of the standard deviation of college ability o. is larger than
the case with optimism. I need a high standard deviation and a high option value to
match the high college dropout rate. The slope of the standard deviation is positive
and the uncertainty of college ability is higher for higher high school ability.

Table 24 and Figures 4 and 5 display moments. The graduation rate of low high
school ability is excessively high in this formulation without optimism. In order to
match the high dropout rate of low ability people, the model needs a high standard
deviation of college ability. Then too many people draw high college ability enough to
stay and graduate. To match the low graduation rate of high ability people, the model

needs high disutility for low ability people. Then enrollment decreases and college
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Parameter Description Value

A college utility intercept -16.7
p college utility slope 276
Xf first period college taste 66.3
)\g’ second half college taste 44.0
a® productivity of skilled labor 0.437
e“P productivity of CD 0.983
Oc s.d. of college ability intercept 0.719
! s.d. of college ability slope 0.149
K education cost 0.419
1 consumption share of preference 0.415
16 time discount rate 0.930
v altruism 0.0625
d lump-sum transfer ratio 0.127
L borrowing wedge (r~ =r +¢) 18.6%
m intergenerational ability transmission intercept -0.0379
Oh intergenerational ability transmission s.d. 0.0747

Table 23: Parameters calibrated without optimism

Moment Model  Target
Enrollment rate of ability quartile (figure) (figure)
Graduation rate of ability quartile (figure) (figure)
Enrollment rate of family income quartile (figure) (figure)
Graduation rate of family income quartile (figure) (figure)

Skill premium for CG*¢ 89.9% 89%

Skill premium for CD 19.6% 20%

Education cost/mean income at 48 0.314 0.33
Hours of work 32.8%  33.3%

K/Y 1.236 1.325

Transfer/mean income at 48 68.1%  66%

log pre-tax/post-tax income 61.4% 61%
Borrowers 6.62%  6.3%

Mean of AFQT 0.0879 0
Standard deviation of AFQT 0.203 0.21

Table 24: Moments matched.

®The skill premiums are from full-time workers in Current Population Survey (CPS) IPUMS (Flood
et al. (2018))
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Figure 4: Model fit: enrollment and graduation rate for each ability quartile.

dropout also decreases. While the effect of increasing the standard deviation of college
ability increases college enrollment, it also increases college disutility to match the high
college dropout and decreases college enrollment at the same time, offsetting the first
effect. Rather the best match requires a low standard deviation of college ability and
low college disutility to match the high enrollment. To summarize, high option value
without optimism does not explain the high dropout rate in the data as well as the

model with optimism.
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Figure 5: Model fit: enrollment and graduation rates for each family income quartile.

The optimal policy with this formulation is in Table 25. The optimal policy is now
front-loaded and the subsidies for the first period is twice as much as for the second
period. Without optimism, enrollment is excessively low in the status-quo as in the
case with correcting bias. This implies that the assumptions about optimism matter

and one of the contributions of this paper is to calibrate this effect using available data.
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Status-quo Optimal

si(1)  $19,832  $24,089
s1(2)  $16,694  $20,277
si(3)  $15,928  $19,347
s2(1)  $19,832  $11,962
$2(2)  $16,604  $10,069
$2(3)  $15,928  $9,608

Table 25: Optimal subsidies without optimism
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