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ABSTRACT

This dissertation consists of two chapters. In the first chapter, I explain
changes in the life-cycle earnings profile for different birth cohorts. The second chapter
assesses the quantitative importance of federal aid for college education in explaining
college premium.

In the first chapter, I document the life-cycle earnings profile for the 25-year-
old college- and high school-educated white men in 1940, 1950, 1960 and 1970. I
find that later cohorts have flatter average life-cycle earnings profile. Using a version
of the Ben-Porath model, I propose an explanation based on the composition effect.
In my model, all individuals have a high school diploma and are differentiated by
their ability. They must decide whether to work or go to a four-year college. There
is a threshold ability above which individuals choose to attend college and below
which they work. All cohorts face the same ability distribution and an exogenous
sequence of wage rate per unit of human capital that grows at a constant rate. A
higher initial level of wage rate increases college attainment implying that the average
ability is lower for both college- and high school-educated individuals. From the Ben-
Porath model, lower ability individuals have less steep increment in their earnings.
This implies that the average college (and high school) life-cycle earnings profile for
the 1970 cohort will be flatter than that of the 1940 cohort. My model is able to
quantitatively explain 67 and 35 percent of the flattening in the average life-cycle
earnings profile for college and high school-educated individuals, respectively.

Since the late 1970s, there has been a strong increase in the college premium.
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While most papers focus on skill-biased technical change, the second chapter explores
the role of federal aid as a possible source of inequality. I build a model where all
individuals have a high-school diploma but are heterogeneous with respect to their
innate abilities and initial human capital. They decide whether to attend college to
accumulate more human capital before working, or to start working right away. The
production function for human capital in college requires two inputs: human capital
and goods. In this context, two mechanisms are key for the behavior of the college
premium. First, federal aid makes it easier to afford the goods input in the human
capital technology. This induces college students to accumulate more human capital
and consequently, they have higher earnings. Second, as more individuals attend
college due to rising income, the composition of college graduates changes: more low-
ability individuals attend college, implying a decrease in average college earnings. A
calibrated version of the model accounts fully for the rise in the college premium.

Federal aid alone accounts for about 70 percent of the rise.
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ABSTRACT

This dissertation consists of two chapters. In the first chapter, I explain
changes in the life-cycle earnings profile for different birth cohorts. The second chapter
assesses the quantitative importance of federal aid for college education in explaining
college premium.

In the first chapter, I document the life-cycle earnings profile for the 25-year-
old college- and high school-educated white men in 1940, 1950, 1960 and 1970. I
find that later cohorts have flatter average life-cycle earnings profile. Using a version
of the Ben-Porath model, I propose an explanation based on the composition effect.
In my model, all individuals have a high school diploma and are differentiated by
their ability. They must decide whether to work or go to a four-year college. There
is a threshold ability above which individuals choose to attend college and below
which they work. All cohorts face the same ability distribution and an exogenous
sequence of wage rate per unit of human capital that grows at a constant rate. A
higher initial level of wage rate increases college attainment implying that the average
ability is lower for both college- and high school-educated individuals. From the Ben-
Porath model, lower ability individuals have less steep increment in their earnings.
This implies that the average college (and high school) life-cycle earnings profile for
the 1970 cohort will be flatter than that of the 1940 cohort. My model is able to
quantitatively explain 67 and 35 percent of the flattening in the average life-cycle

earnings profile for college and high school-educated individuals, respectively.
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Since the late 1970s, there has been a strong increase in the college premium.
While most papers focus on skill-biased technical change, the second chapter explores
the role of federal aid as a possible source of inequality. I build a model where all
individuals have a high-school diploma but are heterogeneous with respect to their
innate abilities and initial human capital. They decide whether to attend college to
accumulate more human capital before working, or to start working right away. The
production function for human capital in college requires two inputs: human capital
and goods. In this context, two mechanisms are key for the behavior of the college
premium. First, federal aid makes it easier to afford the goods input in the human
capital technology. This induces college students to accumulate more human capital
and consequently, they have higher earnings. Second, as more individuals attend
college due to rising income, the composition of college graduates changes: more low-
ability individuals attend college, implying a decrease in average college earnings. A
calibrated version of the model accounts fully for the rise in the college premium.

Federal aid alone accounts for about 70 percent of the rise.
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CHAPTER 1
COLLEGE ATTAINMENT AND THE CHANGING LIFE CYCLE
PROFILE OF EARNINGS

1.1 Introduction

Among the notable changes that affected the labor market since the 1940s,
the behavior of the life-cycle earnings profiles of successive cohorts has received little
attention, with the notable exception of Kambourov and Manovskii (2009). In this
paper, I document that these profiles are noticeably flatter for recent cohorts than
for older cohorts, and I propose a quantitative theory to account for this movement.

Figures 1.1 and 1.2 plot the average life-cycle earnings profile for the 1940,
1950, 1960, and 1970 cohorts for college- and high school-educated white men, re-
spectively.! These two earnings profiles are also referred to as the conditional earn-
ings profiles in the paper.? One observation from these two figures is that for each
successive birth cohort, the earnings profiles are getting flatter and flatter. Take for
instance, from Figure 1.1, the average annual real earnings of 25-year old college-
educated individuals in 1940 increases 3.96 times by the time they are 55 years old.
However, those for 25-year old college-educated individuals in 1970 increases only 2.19
times in the same length of time. A similar trend is observed for high school-educated

individuals: 3.44 times for those in the 1940 cohort and 1.28 times for those in the

IRefer to Appendix A.1 for the construction of life-cycle earnings profile.

2Figure 1.3 shows the life-cycle earnings profile for the average earnings of both college-
and high school-educated individuals. This is also referred to as the unconditional life-cycle
earnings profile in the paper.
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1970 cohort (see Figure 1.2 and Table 1.1). This paper aims to provide a quantitative
explanation for this observed phenomenon.

I construct a model of education choice and human capital accumulation build-
ing upon the work of Ben-Porath (1967), Heckman et al. (1998), and Huggett et al.
(2006). All individuals have a high school diploma and decide whether or not to go
to college. Individuals are heterogeneous with respect to their ability to accumulate
human capital across their life cycle.® There are two technologies for human cap-
ital accumulation: on-the-job and college. Individuals who devote more time and
resources (hereafter referred to as goods) and those with higher abilities will accu-
mulate more human capital. The optimal choice of schooling implies that there is a
threshold ability above which individuals choose to attend college and below which
they choose to work. As with the Ben-Porath model, my model delivers that all
individuals have a hump-shaped life-cycle earnings profile and that individuals with
higher ability accumulate human capital faster and, hence, have higher earnings. All
cohorts face the same ability distribution and an exogenous wage rate per unit of
human capital that grows at a constant rate. This means that all cohorts face the
same growth in wage rate but recent cohorts start with a higher initial level. As
the wage rate increases, more individuals attend college, i.e. the threshold ability is
lower for recent cohorts. This implies that in recent cohorts, new college-educated

individuals have lower ability than the college-educated individuals of older cohorts.

3 Ability has become a standard feature of human capital models and original work by
Mincer (1958), Becker (1964) and Ben-Porath (1967) link human capital investment to life
cycle earnings.
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This selection mechanism reduces the overall earnings growth for college-educated
individuals in recent cohorts. A similar mechanism operates for high school-educated
individuals: the remaining high school-educated individuals in recent cohorts are less
able than in older cohorts on average. Since growth in earnings is smaller for individ-
uals with lower abilities, this implies that the average life-cycle earnings profile for
college-educated individuals from 1970 cohort is flatter than that for the 1940 cohort.
This is the same for high school-educated individuals.

I calibrate the model parameters to moments characterizing the earnings pro-
file of the 1940 cohort not conditioning on education. Using the calibrated parameters,
I conduct the following experiment. I compute optimal decisions for a sequence of
cohorts, starting with 1940 and ending with the 1970 cohort. Each cohort differs from
its predecessor in only one dimension: the level of wage rate per unit of human capital
that it faces at the beginning of its life. I report the earnings profiles of these cohorts
and their education choices. I find that the earnings profiles flatten, between the 1940
and 1970 cohorts, in the model as in the data and that educational attainment rises in
line with the data as well. Quantitatively, my model is able to explain approximately
67 percent of the flattening for college-educated individuals, 35 percent of that for
high school-educated individuals and 50 percent of that for all individuals.

The paper contributes to the literature in the following ways. First, using
Census data, I am able to build the earnings profiles for earlier cohorts than previously

examined in the literature.* As a result, I was able complement some of the previous

“Bernhardt et al. (1999) identifies two cohorts of young white men using National Longi-
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explanations by proposing a theory that is consistent with the flattening observed
before the baby boom generation enters the labor market. Early evidence on the
flattening are given by Welch (1979) and Berger (1985). They document flatter
earnings profile at the time when the baby boom generation is entering the labor
market and suggest that earnings profiles are flatter for cohorts that have a larger
size. In my analysis, the 1970 cohort would correspond to the baby boom generation.
However, as documented above, the flattening of life-cycle earnings profile is observed
for successive cohorts starting from the 1940 cohort, where fertility is in fact decreasing
in the birth years of the 1940, 1950, and 1960 cohorts. This suggest that the flattening
has little connection with the cohort’s size.”

Second, there is a large literature on earnings heterogeneity in macreconomics.
One dimension is in life cycle earnings. As documented above, I observe a systematic
flattening in the life-cycle earnings profiles of successive cohorts starting from the
1940 cohort. The question is: What has changed in the economy to account for the
observed phenomenon. For Kambourov and Manovskii (2009), this is due to recent
cohorts losing occupation-specific human capital as they change jobs more often than

their predecessors. In my paper, the explanation of this complex phenomenon is

parsimonious: It is the changing composition of the labor force, as more individuals

tudinal Survey: the original cohort followed from 1966-1981 and the recent cohort, followed
from 1979-1994. They find evidence “deterioration in wage gains for recent cohorts.” Kam-
bourov and Manovskii (2009) document the same finding using data on male heads of
households from the Panel Study of Income Dynamics (PSID) over the 1968-1997 period
and Current Population Survey (CPS) over the period 1963-2004. Beaudry and Green
(2000) document similar pattern in the Canadian data.

®Kambourov and Manovskii (2009)’s results also arrive at the same conclusion.
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choose to attend college, that is causing the flattening. Why do I think composition
effect is important? The twentieth century United States is a period of mass educa-
tion in two levels of education: high school and college. The high school movement
officially ended in 1940 and from 1940 onwards, it is a period of massive expansion in
tertiary education. As a result, college attainment increases markedly. Consequently,
this is a significant factor that can result in serious changes in the characteristics of
this labor force.

Based on the proposed explanation, the difference in policy implication can
be profound. One possible reason why earnings is growing slower for recent cohorts
can be due to a slower accumulation of individual human capital across the life cycle.
The impact of this explanation can be far-reaching because the works of Erosa et al.
(2010) and Manuelli and Seshadri (2005) implies that human capital is an important
determinant of economic growth. Consequently, slower accumulation of individual
human capital can impede economic growth. My explanation of the flattening of the
life-cycle earnings profile through composition effect however hints that there may
be nothing to get agitated about: The average earnings profile looks flatter because
the profile of the ‘average’ individual is changing across cohorts. The pattern of
individual human capital accumulation across the life cycle is however not changing
across cohorts.

Third, this paper shows that there is important differences between cohort-
based and cross-sectional profiles. Thus, it is not always useful to make comparisons

based on cross-sectional data when the cohort-specific element is nontrivial. Con-
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sider the following illustration: cross-sectional comparison of earning of a 55-year old
college-educated individual to a 25-year old college-educated individual is what is tra-
ditionally calculated as the experience premium. However, since recent cohorts have a
lower life-cycle earnings profile than older cohorts, the calculated experience premium
contains a cohort-specific element that we do not want as well as the accumulated
experience element that we wanted. In the situation where the cohort-specific char-
acteristic is not inconsequential, using cross-sectional data can be at best misleading.

The rest of the paper proceeds as follows. In section 1.2, I introduce the model.
I calibrate the model in section 1.3 and presents results in section 1.4. In section 1.5,

I discuss two exercises. I conclude in section 1.6.

1.2 Model
1.2.1 Environment

The economy is populated by overlapping generations of individuals. Each
individual lives for T" periods and is ex-ante heterogeneous in terms of ability, a € R, .
Ability denotes his capacity to accumulate human capital over his life cycle and
is distributed according to a time-invariant cumulative distribution function, A. I
assume that ability is observable for each individual before schooling and consumption
decisions are made. Ability is immutable with education.

There are two levels of education: high school and four-year college. Time is
discrete and indexed by t = 0,1, ..., 00. Each individual is endowed with one unit of

time per period. He enters with a high school education and chooses whether or not
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to go to college. If he chooses not to go to college, he enters the labor market and
divides his time between work and human capital accumulation. If he decides to go
to college, he will first spend s periods studying full time and will then go to work.
There is a perfect credit market in which each individual can borrow and save
at a constant exogenous rate, r — 1. There is also no uncertainty and preferences are
defined on consumption sequences only. The wage rate per unit of human capital is
given exogenously and is assumed to admit a constant growth rate, g. Since there are
no borrowing constraint, uncertainty and leisure, the problem of maximizing lifetime

utility is equivalent to maximizing lifetime earnings.

1.2.2  Technologies
Each individual with ability a enters the model with H"* level of human cap-
ital. The ability distribution completely determines the distribution of initial human

capital through the following equation:
H"(a) = zpa,

where zj, is a productivity parameter common to all individuals.
There are two technologies for accumulating human capital: in college and on
the job. The college human capital accumulation function for each individual with

ability a is given by
HC"l(a, e, Hhs) — (ze)n(aHhs)lfn,

where e represents present value expenditure towards the services affecting the quality
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of college education and z represents the productivity parameter that is common to
all individuals.

Each individual with ability a has the following on-the-job human capital
accumulation function.

K = (1 —3)h+ H(a,n,h)
H(a,n,h) = a(nh)?,

where ¢ € (0,1), ¢ is the depreciation rate, n € (0, 1) is the fraction of time committed
towards accumulation of human capital on the job, h is the accumulated human
capital inherited from the last period and A’ is the accumulated human capital in this
period.

In this model, human capital accumulated from education is an input to the
production of on-the-job human capital, which is indirectly productive in the labor
market. Consequently, there exists a tight link between ability and the level of human
capital accumulated and ultimately the lifetime earnings of an individual. Thus, the
ability of an individual is a representation of the capacity to both learn and earn.

Lastly, the wage rate per unit of human capital (w) is exogenous and assumes

to grow at a constant rate g:

W1 = JWs.

Similar to the Ben-Porath model, earnings inequality between and within education
levels can be generated only be differences in the level of human capital and investment

behavior (where both are functions of heterogenous ability). This is because both
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high- and low-skilled individuals command the same wage rate per unit of human

capital.

1.2.3 Individual’s problem
Each individual enters the model with a high school diploma and chooses to
have college education or not. He will choose the schooling level that gives him the
highest net lifetime earnings. Once he enters the labor market, he cannot return to

school. After a schooling decision is made, he will solve for the optimal sequence of

T
=1

time investment on-the-job, {n, ;(h)}._,, to maximize lifetime earnings.

I solve the problem backwards and in two steps. Since all individuals regard-
less of education level will ultimately enter into employment, in step one, given an
arbitrary level of human capital, I can solve the on-the-job human capital accumu-
lation problem. Using the optimal solution from the on-the-job problem, I proceed

to step two to solve the schooling choice problem by choosing the level of education

that maximizes an individual’s net lifetime earnings.

1.2.3.1 Human capital accumulation on the job

[ formulate this part in the spirit of Ben-Porath (1967) and in the language of
dynamic programming. For a given arbitrary level of human capital, each individual
maximizes lifetime earning by choosing, in each period, the time he wants to spend
accumulating human capital on the job and thereby determining the decision rules
for h,;j(h) and n,;(h) and value function, V; ;(h). The value function, V; ;(h), gives

the maximum present value of lifetime earnings of an individual from cohort 7 at age
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The problem is

1
Vej(h) = wrij1h(1 —n) + (;) Ve (R)
subject to

h' = (1—=¥8)h+ H(a,n,h)
n € (0,1)

h given,

where w,;;_1 is the exogenous wage rate per unit of human capital an individual
from cohort 7 receives at age j .

The on-the-job human accumulation problem for a college- and high school-
educated individual differ in two aspects. The first is the age that the individual
enters the labor market. Each high school-educated individual enters at age 7 = 1
and each college-educated individual enters at age j = s+ 1. For the college-educated
individual, there are earnings forgone for the s periods they spend in college education.
Each high school-educated individual from cohort 7 will enter labor market at age
j = 1 with w,. Recalling that there is no differentiation of skills through prices,
consequently, s periods later, both the college- and high school-educated individuals
at the age 7 = s + 1 will face the same w,g°. Second, for the earnings forgone
because of college education, it is compensated through a college-educated individual’s

higher initial level of on-the-job human capital. A high school-educated individual
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enters with level H" whereas a college-educated individual enters with a higher level
ol (a, e, Hhs).

Solving the dynamic programming problem by value function iteration using
terminal condition V.71 = 0, I obtain the sequence of value function at each age j,

{VT,j(h)};F:l. It takes the following form:
Vei(h) = azj + Br b

where

_o

1
apBrjt1 ) 7° 1 1 apBrjt1 ) 7°
Qrj = ~Wryjor | —— | =) @i+ | =) Brja | ———
TWr4j-1 r r TWr4j-1

1
Brj = Wryj1+ (;) (1=0)Brj41-

Taking the first-order condition with respect to n, the optimal rule for n is

a¢ﬁ7’,j+1:| i-¢ h_l.

TWrij-1

) = | (1)

For interior solution, n,; € (0,1),

1
0< [slun] Tt <,

TWr4j5—-1

The first inequality is automatically satisfied. The second inequality tells us

that the condition for interior solution is

h> A a) = {%] o

TWryj—1
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The optimal decision rules are as follows:

(

aA,;(a)®+ (1 —08)h, for h > A, (a)

ah® + (1 —6)h, for h < A, ;(a)

A;i(a)h™t, for h > A, j(a)

1, for h < A, j(a)

\

1.2.3.2 Net lifetime earnings (High school)

Since each individual from cohort 7 enters the model with high school educa-
tion at age j = 1, I evaluate the value function at V, ;(h). The first wage rate that
each individual from cohort 7 faces as he enter the labor market is w, with H"(a)

level of human capital. The maximized value of net lifetime earning is then

VI*(a) = Vi (H"(a))

h
= 071 +/BT,1H 5

1.2.3.3 Net lifetime earnings (College)

Since each college-educated individual from cohort 7 with ability a will start
work at age j = s + 1, I evaluate the value function is at V; s41(h). He will enter
the labor market with human capital level (ze)" (aH hs)lfn, where e is endogenously
determined.

The maximization problem is

V@) = max { (1)a ¥ (1)5 o) (at")' "~ e}

e
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Deriving the first-order condition with respect to e gives the optimal expen-
diture for a college education and the level of human capital that a college-educated
individual enters the labor market with:

1
1\°? a—m
= [() 5”} o

N __

1\° a-m
hi"l = [( ) /8775+1Z7’]:| aH™.

-
The optimal net lifetime earnings of each college-educated individual is
1\* 1\* =
~ -n
VTCOI(G) = <—> Q7 jt1 + {(—) zn/BT,S+1:| kaH",
r r

where

_n_ 1
K = nl—n — nl—n,

1.2.4  Schooling decision
Each individual compares net lifetime earnings between a college education
and a high school education and decides whether or not to attend college with the

following decision rules:

V(@) < Ve (a) - choose college

V(@) > V(a) - no college.
In particular, the unique cohort-specific threshold a’ is given by

V@) = Vla)

1 S S ﬁ
aT,1+ﬁT,1HhS = (;) Qg1+ K;) Zn57’5+1:| kaH"™.
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1.2.5  Dynamics
The model is driven by an exogenous wage rate per unit of human capital.
This section discusses the changes in net lifetime earnings when wage rate per unit

of human capital changes. o, ; and 3;; can be re-expressed as

T T—t = t—j
—1\T% /1
e C)
t=j

Q-T—j—f-l _ 1)

/BTyj = ng]_l < ( o 1

where

c - (@) (oo

r

(¢ = (%) (1=10)g.

Taking partial derivative with respect to w;, it is fairly clear that both %ST(“) >

Oanda%chT(a)>O.

1.3 Calibration
1.3.1 Strategy
In this section, I discuss my calibration strategy, which includes two steps.
First, I assign some parameters values using prior information. Then, the remaining
parameters are obtained by calibrating the model to earnings of the 1940 cohort.
Recall that the aim of this paper is to explain the flattening of the two conditional
life cycle earnings profiles.

In this baseline calibration exercise, I calibrate the model parameters to the
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unconditional earnings of the 1940 cohort.® In particular, the targets are (i) inverse
of the coefficient of variation and (ii) the fraction of earnings at selected ages to the
sum of mean earnings at ages 25, 35 45, and 55.

Using the model, the two conditional earnings profiles for the 1940 cohort
are generated endogenously. So, the first objective is to test whether the model
is able to generate the split between high school- and college-educated individuals
correctly without using any information specific to each education group. Getting
the conditional earnings profiles correct for the 1940 cohort will provide confidence to
this calibration exercise. The model is then assessed based on how much flattening

can be explained by the mechanism.

1.3.2  Details

One model period represents one calendar year. Each individual lives 42 model
periods, (T = 42), and enters the model at age 18 and exits at age 59. Retirement
decision is not modeled in this paper. Upon entering the model, each individual
chooses whether to enter college or not. Those who do will spend four years in
college (s = 4) whereas each high school-educated individual will start employment
immediately. The gross interest rate is = 1.05. The depreciation rate, (¢), taken
from Huggett et al. (2006), is 0.0114.

The list of the remaining eight parameters is

9 - {Z, Zhy W1, 4, ¢7n7ﬂ75—}’

6 Appendix A.3 discusses how the model generates average unconditional earnings.
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which consists of college human capital accumulation function productivity parameter
(z), productivity parameter from high school human capital accumulation function
(zn), the initial wage rate per unit of human capital for the first model cohort (w.,
where 7 = 1), growth rate (g) in w,, on-the-job human capital accumulation function
parameter (¢), college human capital production function parameter (1), mean (i)
and standard deviation () of lognormal ability distribution. These eight parameters
are going to be calibrated through the solving of nonlinear equations to minimize the
distance between the selected data moments and their corresponding model-generated
moments. [ will discuss explicitly how this is done in later paragraphs. Refer to Table
1.2 for a quick summary.

In the model, the wage rate per unit of human capital is growing over time.
The economic intuition for this is that skills gets paid more in the labor market as
economies grow. Allowing the wage rate per unit of human capital to grow at a
constant rate is somewhat of an extreme way of modeling. The way I will think
about constant growth ¢ is that individuals know on average how much wage rate
per unit of human capital is going to grow, but they do not know every point of the
sequence.” The observed wage rate in the data is equal to the wage rate per unit
of human capital (w) multiplied by the level of human capital; however, neither of
is observed empirically. I let w grow at a constant rate g to impose discipline on

the sequence of w, where ¢ is in turn disciplined by the data through calibration.

"One example is that individuals know that the U.S. is going to grow on average 2%
per annum. However, they are unable to predict correctly every peak and trough of the
business cycle.
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This will allow the story to be illustrated by the changes in the human capital. This
approach is not uncommon in human capital literature. Depending on the question of
interest, authors either use this approach or an alternative approach, where the level
of human capital is kept constant to allow changes in w to capture the story. The
latter approach is usually used for skill-biased technological change when the price of
human capital, w, is the focus.

Production function parameters such as ¢ and n govern the shape and the
increase in the earnings profile. Proper parameterization ensures that the earnings
profile behave regularly. The parameters ¢ and 7 in theory are between zero and one.
However, the Ben-Porath model generates earnings to infinity very easily, meaning
that the model is extremely sensitive to changes in these two parameters. Conse-
quently, the combination of values these two parameters can take in reality is much
smaller. For example, the parameter ¢ is surveyed by Browning et al. (1999) to take
values between 0.5 to almost 1. Under this range of values, the parameter n cannot
exceed 0.55 or earnings can go to infinity. The productivity parameter z has almost
the same effect as ¢ and n except that it affects the college earnings profile only. It,
however, has a nontrivial role in making sure that when plotted across different levels
of ability, lifetime earnings of college-educated individuals cuts high school lifetime
earnings from below. This guarantees that lifetime earnings of high-school individuals
are higher than that of college-educated individuals when ability is low and vice versa
when ability is high. Productivity parameter z; affects the initial level of human cap-

ital coming from high school education. Therefore it has a level effect on earnings.
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A high z, limits the growth of earnings simply because earnings start from a higher
level. This parameter is useful in controlling the extent of growth in the earnings. The
parameter w, has the same function. The parameter z;, also has a direct significance
in ensuring that there are no corner solutions in the choice of n, j(h). I want to avoid
corner solutions because when n, ; = 1, the individual is accumulating human capital
full time. This corresponds to a semblance of schooling that is not quite defined in
the context of the model. The growth rate, g, determines the extent of a leftward
shift in lifetime earnings when plotted across different levels of ability. A higher ¢
induces a greater shift. Together n, ¢, 2, 2, w; and g determine the sequence of the
cohort-specific ability thresholds.

The parameters i and ¢ characterize the lognormal ability distribution. These
parameters govern the range and frequency of ability levels that enter the earning
functions but do not alter ability thresholds. The separate determination of thresh-
olds and distribution creates the need to properly specify the location parameter to
guarantee a sensible fit between the two.® This separation makes matching targets
singularly difficult. In particular, I cannot be sure of the direction of change in the
simulated ratios when I change these parameters. Below is an illustration of this
problem.

For example, a higher z indicates a higher lifetime earnings for any college-

81t is worth noting that even though parameters 7 and z are college specific, they can
indirectly affect the earnings of high school-educated individuals through the support of the
ability distribution. This is because as the threshold ability changes, the parameters fi and
6 will need to accommodate this change.
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educated individual. However, a higher z can result in lower average lifetime earnings
for college-educated individuals for this reason: From the determination of threshold
ability, a higher z results in a faster increase in lifetime earnings when plotted against
levels of ability. This means that, given no changes in the lifetime earnings of high-
school individuals, the threshold is lower for a higher z compared to a lower one.
So, although individually, higher z results in higher earnings, collectively, average
earnings can be lower through lower conditional average ability. Since ability enters
the model in a nontrivial manner, the effect of an increase in z on the average earnings
profile is unknown.

Using prior information, I calibrate the eight remaining parameters. The cho-

sen targets are as follows:

1. Inverse of the coefficient of variation at age 35, (&)9

035

=

2. Inverse of the coefficient of variation at age 45, (Uﬁ)

3. Inverse of the coefficient of variation at age 55, (%)

4. Fraction of average earnings at age 25 to sum of mean earnings at ages 25, 35,

and 45, (932,35,45) 0

5. Fraction of average earnings at age 35 to sum of average earnings at ages 35,

91135 is the normalized mean earnings at age 35.
This is mathematically equal to %s, where Ej; is the mean earnings of all individuals at age

J.

0Mathematically this is ﬁm, where Ej; is the average earnings of all individuals
at age j.
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6. Fraction of average earnings at age 45 to sum of average earnings at ages 25,

45, and 55, (Q§§’45’55)

7. Fraction of average earnings at age 55 to sum of average earnings at ages 25,

35, and 55, (022 45 55)

8. The 90/10 ratio at age 25

Since model units are different from data units, the chosen targets are all unit

free. The aim is to minimize the distance between ratios produced by the Census data

and the model-simulated data. Therefore, a measure of distance is built using both

the simulated data and the Census data. Below is a system of nonlinear equations

in eight unknowns. For a given wage rate per unit of human capital sequence, the

parameters are calibrated such that the ratio between observed data and their model

counterpart is close to 1: F(0) = 1.

2.914
2.927
2.824
0.166
0.231
0.401

0.544

5.357
\

K45
045

K55
055

25
Q25,35,45
35
Q35,45,55
45
Q25,45,55

55
Q25,35,55
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The values of calibrated parameters and the fit of calibration are presented in
Tables 1.2 and 1.3, respectively. Once calibrated parameters are obtained, they are

substituted into the model to simulate earnings data.

1.4 Results
This section discusses the results from the baseline calibration. Recall that
the main objective is to explain the flattening of the conditional life-cycle earnings
profile. The model is calibrated to unconditional earnings and conditional earnings
profiles are generated endogenously. In the following paragraphs, I discuss the main

results.

1.4.1 Flattening of the unconditional earnings profile

Figure 1.4 compares the life-cycle earnings profile of all individuals from the
model-simulated data (hereafter, the model) and the Census data (hereafter, the
data).!! The dotted lines represent the data and the solid lines represent the model.
The magenta and blue lines represent the 1940 and 1970 cohorts, respectively. The
1940 cohort lines shows the model fit. The first observation is that the model tracks
data very well. (The precise magnitudes are in Table 1.4 in the “ALL” column.) This
is especially true towards the end of the life cycle where the model is able to produce

the dip in the growth of earnings from ages 45 to 55. The implication is that the

HUNote that from Census data, I calculate the average annual real earnings for all individ-
uals and not annual real earnings of the average individual. This two items are different in
the model as ability enters in a non-linear manner and cannot be factored out. Therefore,
even though, in the model, the average individual stays the same across cohorts, average
annual real earnings is changing due to the increase in college attainment over cohorts.
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depreciation rate of 0.0114 also has a role in disciplining the ability distribution. This
is because ability enters earnings in a non-trivial way. Thus, by fixing the depreciation
rate to 0.0114, the model is forcing the ability distribution to be right so that the
model-simulated earnings can produce the dip that is consistent with data.

The model is able to explain about half of the flattening in the unconditional
life-cycle earnings profile. At first glance, the model performs very well. The model’s
unconditional earnings profile for the 1940 cohort is very close to the data and the
mechanism generates a decent amount of flattening. However, what is the significance
of the flattening in the unconditional earnings profile generated by the model?

The significance of the flattening in the unconditional earnings profile gener-
ated by the model is as follows. It is difficult to verify a decrease in the average
abilities of college- and high school-educated individuals since data on innate ability
is not available. However, we can indirectly verify the decrease in ability using theo-
retical implication of the model. If the model is generating flatter earnings profiles for
both college- and high school-educated individuals in the recent cohorts, the compo-
sition effect implies that the unconditional earnings profiles for recent cohorts should
also be flatter. In this case, the model predicts flatter unconditional earning profile
across cohorts. This is consistent with the behavior of the unconditional earnings

profile from data.
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1.4.2 Flattening of the conditional earnings profiles

Figures 1.5 and 1.6 show the earnings profile for college- and high school-
educated individuals, respectively. The solid lines represent the model and the dotted
lines represent the data. The magenta and blue represent the 1940 and 1970 cohorts,
respectively. Remember that part of the exercise is to test if the model is able to
correctly generate the split between college and high school-educated individuals. At
first glance, the model is doing reasonably well with one exception.

For the data, life-cycle earnings profile for college-educated individuals for the
1940 cohort has a strong increase from ages 35 to 45; giving the profile a somewhat
convex shape before dipping at age 55. The model is not able to reproduce this result
because of model limitation. The model is exogenously driven by a sequence of wage
rate per unit of human capital that grows at a constant rate. Therefore, the shape of
the earnings profile is crucially dictated by changes in the human capital investment
decision: Individuals choose to accumulate more human capital when young as they
have the rest of their life to recoup the investment. Following the same logic, as
they age, they choose to accumulate less and less human capital. Therefore, the
corresponding earnings profile is such that earnings growth is the fastest when an
individual is young; as the individual ages, his earnings increases at a decreasing
rate. Thus, the model is not able to generate an earnings profile where the increase
in earnings between ages 35-45 is faster than that between ages 25-35.

Both simulated life-cycle earnings profiles are consistently concave. This is one

of the artifacts of the Ben-Porath model. This shows that the depreciation rate (0)
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of 0.0114 is able to produce a decrease in average earnings at the end of the working

life cycle as documented in Figure 1 from Huggett et al. (2006).

1.4.2.1 Performance of the mechanism

In this paragraph, I discuss the performance of the mechanism. First, the
model is able to produce flattening of the life-cycle earnings profiles for both college-
and high school-educated individuals but of different magnitudes. The model is able
to account for a large proportion of flattening in the life-cycle earnings profile for
college-educated individuals (see Figure 1.5), but only one-third of that for high
school-educated individuals (see Figure 1.6). The first two rows of Table 1.4 report
for the data and the model life-cycle earnings profile at ages 25 and 55 for high school-
educated, college-educated and all individuals. The first line provides the results for
the 1940 cohort and the second for the 1970 cohort.

The third line provides a measure of the extent of the flattening, which is useful
for determining which education group has the most and least flattening. Based on
the data, the average annual earnings of high school-educated individuals in the 1940
cohort increases 3.439 times by the time he is 55 years old; that for the 1970 cohort
is 1.284 over the same length of time. The number 2.679 is obtained by dividing
3.439 by 1.284. I construct this for the rest of the columns. For the data (see
columns three to five), the greatest flattening occurs in the life-cycle earnings profile
for high school-educated individuals, the result for all individuals falls between the

other two. For the model, however (see columns six to eight), the greatest flattening
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occurs in the the life-cycle earnings profile for college-educated individuals, with,
the result for all individuals again falling between the other two. Accordingly, the
model cannot reproduce the fact that the greatest flattening is observed for high
school-educated individuals; however through composition effect, flattening for all
individuals is consistently between that for the high school- and college-educated
individuals. In section 1.4.4, I discuss why the model generates more flattening for
college-educated individuals than high school-educated individuals.

Table 1.5 notes the proportion of the data explained by the model. Columns
two and three calculate for the data and the model, respectively, the change in the
lifetime increment of 1970 cohort from 1940 cohort. The change is consistently smaller
for the model than the data, which means that the model is not able to explain fully
the flattening observed in the data. Taking the change produced by the model (0.219)
divided by the change observed in data (0.626) for high school-educated individuals,
I arrive at 0.349. Therefore, the model is able to explain 35 percent of the flattening
observed in the data for high school-educated individuals; 67 percent of that for

college-educated individuals and 50 percent for all individuals.

1.4.3 College attainment
Figure 1.7 shows the college attainment generated by the model (red line) and
that in the data for 45 year olds (dotted black line).'? T choose 45 year olds because

at this age, educational attainment would be stabilized. Recall that the model has

12T use the 40 to 49-year-old group from the Census data to allow for more data points.
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not been calibrated to match college attainment for 1940 cohort, and yet, since this
is a story of changing composition, it is critical that the model gets the right number
of people into college for exercise to have validity.

Based on Figure 1.7, it appears that the model is doing well. The model is
able to generate increasing college attainment over time. It slightly under-predicts the
data for the 1970 cohort and over-predicts for the 1960 cohort; however, on average,
the model is able to correctly predict college attainment. In Section 1.3, I mentioned
that the model generates infinite earnings easily, which means the model is extremely
sensitive to small changes in parameters. Because of this sensitivity, the model easily
overselects the number of people who go to college; making it difficult to correctly

predict college attainment.

1.4.4 More on the flattening of earnings profile

The model is not able to replicate that there is greater flattening in the life-
cycle earnings profile for high school-educated individuals than college-educated in-
dividuals. In the following paragraphs, I discuss why this is so.

From the model, the two cohorts are differ in two aspects: (i) their initial
wage rate per unit of human capital (w,), which is higher for recent cohort, and (ii)
their conditional average ability, which is lower for the recent cohort, where (ii) is
caused by the changing composition of the labor force induced by increasing college
attainment. Here, I remove the composition effect by keeping ability levels constant

across cohorts.
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In Figures 1.8, I plot the life-cycle earnings profile for an individual with
ability level, a, such that he will have only high school education in both 1940 and
1970 cohort. I do the same for a college-educated individual in Figure 1.9. The
ability level chosen for the high-school and college-educated individual is a = 0.02
and a = 0.04, respectively. The magenta color represent the 1940 cohort and blue
represents the 1970 cohort.

From Figure 1.8, the life-cycle earnings profile does not change whether he is
from the 1940 or the 1970 cohort. Examination of Equation 1.1 shows why this is so.
Equation 1.1 reduces to Equation 1.2 after some algebra. For the high school-educated
individual’s optimal time spent in human capital accumulation on the job, n, to be
cohort specific, it can only come from the level of initial human capital he has when
he enters the labor market. However, since H" = z,a, the sequence of optimal time
spent in human capital accumulation on the job for a high school-educated individual
is only age dependent but not cohort specific. Since n is only age dependent, the
optimal sequence of accumulated human capital on the job will also not be cohort
specific. The only cohort specific element in Equation 1.3 w.;;_; factors out after
normalization. Consequently, the life-cycle earnings profile for a high school-educated

individual with ability level a = 0.02 does not vary across cohort:
1
1—

nrj(h) = [—agbﬁm H] v ht

TWr4j-1

_ (agg\ T (T —1\TE
(") () e 12
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where

Earningsﬁfj = Wryj_1 * hj x (1 —ny) (1.3)

In contrast, the college-educated individual enters the labor market with a human

capital level of H¢! (a et H hs) where the optimum expenditure on college education,

YT )

col

es”,

is cohort specific. Therefore, applying the same argument as before (see Equation
1.4), life-cycle earnings profile for a college-educated individual with ability level

a = 0.04 flattens across cohorts. (Figure 1.9)

col

Earnings?;

= Wrqj-1 % hq-’j * (1 — nm-) (14)

Hence, the model not only has a composition effect, it also has a level effect from

w,. The level effect is explained as follows. Individuals will be willing to spend more

col

"), because they know they will face a higher earnings in

on college education, (e
the future. The connection comes from the fact that human capital accumulated in
college is increasing in e<”!. As the flattening of high school life-cycle earnings profile
in the model is only affect by composition effect and college life-cycle earnings profile
is affected by both the composition and level effects. Because of this difference, the

model generates a more flattening in the life-cycle earnings profile of college-educated

individuals than that of high school-educated individuals.
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1.5 Discussion
In this section, I discuss two other cases apart from the baseline case. In
Case 1, I calibrate the model to the conditional life-cycle earnings profiles of the 1940
cohort. In Case 2, I allow the growth rate of the wage rate per unit of human capital

(9) to be differentiated by education, i.e., g"* and g

1.5.1 Case 1l

In this exercise, I calibrate the model to the conditional life-cycle earnings
profiles for the 1940 cohort and examine the amount of flattening produced. I am also
interested in how well the model tracks data in the unconditional life-cycle earnings
profile of the 1940 cohort and how much flattening is produced. This exercise reverses
the experiment discussed in the baseline calibration. In a way, this is a simpler exercise
because instead of relying on the model to endogenously produce the split between
education groups, this exercise directly fixes the model to the conditional earnings
profiles of the 1940 cohort and evaluates extend of the flattening produced by the
mechanism. This exercise also serves to check the baseline calibration. The question
I am interested in answering here is whether having a different calibration strategy
for the model produces significantly different results.

Tables 1.6 and 1.7 report the values of the calibrated parameters the fit of
the calibration, respectively. Since the targets in Case 1 are different from those in
the baseline calibration, it is unsurprising that values of the parameters are different.

However, the values are not vastly dissimilar to the ones in Table 1.2.
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1.5.1.1 Flattening of the conditional earnings profiles

Figure 1.10 shows for college-educated individuals and Figure 1.11 for the high
school-educated individuals the life-cycle earnings profile produced by model (solid
lines) and data (dotted lines). Table 1.8 reports the values from these figures. The
magenta and blue lines represent the 1940 and 1970 cohorts, respectively. Remember
that this exercise calibrates the model to the conditional earnings profiles of the
1940 cohort then lets the mechanism run to produce the average earnings profile
for the subsequent cohorts. Therefore, it is not surprising that the simulated life-
cycle earnings profiles for the 1940 cohort closely match those produced by the data.
Again, however, the simulated profile is not able to match the increase in average
college earnings at age 35 very well. Otherwise, the model is pretty good at matching
all of the other points on the life-cycle earnings profile.

Table 1.9 reports the proportion of the data explained by the model. It explains
36 percent of the flattening observed in the data for high school-educated individuals
and 67 percent of that for college-educated individuals. The numbers are 35 percent

and 67 percent, respectively in the baseline.

1.5.1.2 Flattening of the unconditional earnings profile

Figure 1.12 shows the results for the unconditional life-cycle earnings profile.
For the 1940 cohort, the model tracks the data very well. (See the “ALL” column in
Table 1.8.) Recall that I did not target any unconditional moments in this calibration.

Given this fact, the model performs extremely well and gives confidence in the validity
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of this calibration. The model is able to explain 47 percent (50 percent in the baseline)
of the flattening in the unconditional life-cycle earnings profile. This number again

lies between those for college- and high school-educated individuals.

1.5.1.3 College attainment

Figure 1.13 shows college attainment generated by the model (solid red line)
compared with the data (dotted black line). Recall that the model is not calibrated
to the fraction of individuals with college degree for the 1940 cohort. Thus, the
model predicts the right proportion of college-educated individuals in the 1940 cohort
extremely well. The mechanism also reasonably predicts to the proportion of college-
educated individuals for the 1970 cohort: 0.32 in the data and 0.361 (0.364 in baseline)
in the model.

Overall, the results for the baseline and Case 1 is not significantly different.
This is good because even though the choice of experiment taxes the model to differ-
ent extents, the model does not produce totally different results which, would raise

question about the validity of the baseline calibration if it did.

1.5.2 Case 2
In Case 2, I explore the possibility that human capital produced by high
school- and college-educated individuals are non-substitutable. To achieve this, I let
the growth rate of wage rate per unit of human capital for high school- and college-
educated individuals to grow at ¢"* and ¢, respectively.

Since Case 2 is really baseline case with one additional parameter, I employ the
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calibration strategy of the baseline in this exercise. In addition, I use the proportion
of college-educated individuals at age 35 in the 1940 cohort to pin down the prices of
human capital.

The results of this exercise are shown in Figures 1.14, 1.15, 1.16, and 1.17, and
reported in Tables 1.10, 1.11 1.12 and 1.13.

The results of Case 2 do not warrant extensive discussion here because allow-
ing for different growth rates introduces little change in the values of the parameters.
Also, the flattening observed in both the conditional and the unconditional life-cycle
earnings profiles change only slightly. However, the take away point is this: Cali-
brating to earnings of the 1940 cohort tells us that calibrated value for ¢"* is lower
than ¢°®. T am interested to know if the difference is economically significant. I took
an average of ¢"* and ¢ and rerun the model. Figures 1.18, 1.19, 1.20, and 1.21
show the earnings profiles plotted with the average growth rate. The earnings profiles
do not change drastically. The proportion of data that is explained by the model is
45 percent, 31 percent and 62 percent for all, high school- and college-educated in-
dividuals, respectively. (For Case 2, the numbers are 47 percent, 35 percent and 64
percent.) The only difference is that college attainment is consistently underpredicted
for almost all cohorts. Overall, I think this does not give support to the empirical
observation by Goldin and Katz (2008) that skill biased technical change (SBTC)

starts as early as 1940.
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1.6 Conclusion

I begin the paper by documenting the flattening of the life-cycle earnings
profile across cohorts. Using empirical observations: increase in average real annual
earnings over time and increasing education attainment, I build a mechanism to
explain the observed flattening of earnings profile. The model is able to replicate the
trend observed in the data as well as produce the correct movements for conditional
average abilities. In terms of the flattening of the life-cycle earnings profile, the model
also performs well. In the baseline exercise, it explains 67 percent of the flattening
for college-educated individuals, around 35 percent of that for high school-educated
individuals and half of the flattening for all individuals. The model is also able
to deliver the concavity in the life-cycle earnings profile for both education groups
and consistently predicts the correct proportion of college-educated individuals. The
baseline experiment is: I calibrate the model to the unconditional life-cycle earnings
profile for the 1940 and leave the model to determine endogenously the conditional life-
cycle earnings profile. I find that the model-simulated conditional life-cycle earnings
profile is very close to that of the data for the 1940 cohort. This result gives confidence
in the validity of the baseline calibration exercise. It is, however, a model artifact
that more flattening is observed in the simulate profile for college-educated individuals
than high school-educated individuals.

In Case 1, I take a the direct route and calibrate the model to the conditional
life-cycle earnings profiles. In Case 2, I differentiate the growth rate per unit of

human capital based on education. Both calibration exercises produce a decent about
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of flattening, although, not significantly different from the baseline case. The take
away point in Case 2 is: Although calibration results give a higher price of human
capital for college-educated individuals, this difference is not significant enough to
cause major changes in the earnings profiles. Therefore, this does not give support
to the empirical observation by Goldin and Katz (2008) that skill biased technical
change starts as early as 1940s.

Overall, I would argue that this Ben-Porath type model has performed well in

many aspects, albeit some its parsimonious outlook.
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Figure 1.1: Life-cycle earnings profiles of college-educated workers by cohort and
normalized to 1 at age 25
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Figure 1.2: Life-cycle earnings profiles of high school-educated workers by cohort and
normalized to 1 at age 25
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Figure 1.3: Life-cycle earnings profiles of high-school and college-educated workers
by cohort and normalized to 1 at age 25
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Figure 1.4: Life-cycle earnings profiles of high school- and college-educated workers
by cohort — Model vs. Data (Baseline)
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Figure 1.5: Life-cycle earnings profiles of college-educated workers by cohort — Model
vs. Data (Baseline)
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Figure 1.6: Life-cycle earnings profiles of high school-educated workers by cohort —
Model vs. Data (Baseline)
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Figure 1.7: Proportion of college-educated workers by cohort at age 45 — Model vs.
Data (Baseline)
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Figure 1.8: Life-cycle earnings profiles of a high school-educated worker with abil-
ity=0.02 in the 1940 and 1970 cohorts (Baseline)
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Figure 1.9: Life-cycle earnings profiles of a college-educated worker with ability=0.04
in the 1940 and 1970 cohorts (Baseline)

www.manharaa.com




40

4r o
1940 Model PR
= H = 1940 Data
3.51 1970 Model
= B = 1970 Data

25

Age 25 =1

1.5

1 L
25 30 35 40 45 50 55
Age

Figure 1.10: Life-cycle earnings profiles of college-educated workers by cohort — Model
vs. Data (Case 1)
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Figure 1.11: Life-cycle earnings profiles of high school-educated workers by cohort —
Model vs. Data (Case 1)

www.manharaa.com




41

4 —
Cohort 1940 — Model
Cohort 1970 — Model
3.5 | = &= Cohort 1940 — Data
= & = Cohort 1970 — Data
3 -
N
& 25¢
(6]
(=)
<
2 -
1.5
1 . . . . . )
25 30 35 40 45 50 55

Age

Figure 1.12: Life-cycle earnings profiles of high-school and college-educated workers
by cohort — Model vs. Data (Case 1)
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Figure 1.13: Proportion of college-educated workers by cohort at age 45 — Model vs.
Data (Case 1)
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Figure 1.14: Proportion of college-educated workers by cohort at age 45 — Model vs.
Data (Case 2)
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Figure 1.15: Life-cycle earnings profiles of high-school and college-educated workers
by cohort — Model vs. Data (Case 2)
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Figure 1.16: Life-cycle earnings profiles of college-educated workers by cohort — Model
vs. Data (Case 2)
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Figure 1.17: Life-cycle earnings profiles of high school-educated workers by cohort —
Model vs. Data (Case 2)

www.manharaa.com




44

0.34

= B = data
0.321 model A

0.3

0.28 -

0.26

0.24r

0.22

0.2

Proportion of College Workers at Age 35

0.18
or

0.16

1940 1945 1950 1955 1960 1965 1970
Cohort

Figure 1.18: Proportion of college-educated workers by cohort at age 35 — Model vs.
Data (Case 2, average ‘g’)
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Figure 1.19: Life-cycle earnings profiles of high-school and college-educated workers
by cohort — Model vs. Data (Case 2, average ‘g’)
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Figure 1.20: Life-cycle earnings profiles of college-educated workers by cohort — Model
vs. Data (Case 2, average ‘g’)
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Figure 1.21: Life-cycle earnings profiles of high school-educated workers by cohort —
Model vs. Data (Case 2, average ‘g’)
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Figure 1.23: Average annual real earnings for college-educated workers by cohort
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Figure 1.24: Average annual real earnings for high school-educated workers by cohort
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Figure 1.25: Average annual real earnings for high-school and college-educated work-
ers by cohort
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Table 1.1: Earnings profiles according to educa-

tion
Cohorts HS | COL | HS+COL
Age 25 Age 55
1940 1 3.439 | 3.945 3.559
1970 1 1.284 | 2.264 1.705
o 1| 2679 | 1.742 2.087
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Table 1.2: Calibrated parameters (Baseline)

Parameter | Description Value
T number of periods 42
r interest rate 1.05
S time spent in college 4
) depreciation rate 0.0114
10) on-the-job HC accumulation function parameter 0.6500
n college HC accumulation function parameter 0.4900
z college HC accumulation function productivity parameter | 3.3082
Zn productivity parameter common to all workers 1.0111
wy initial wage rate per unit of human capital 4.2429
g growth rate of w; 1.0061
il mean of lognormal ability distribution -3.7293
o standard deviation of lognormal ability distribution 0.3611

Note: Highlighted parameters are calibrated
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Table 1.3: Calibration (Baseline)

Target | Model | Data | 24

£ss 3.049 | 2.914 | 0.956

035

g5 2.681 | 2.927 | 1.094

045

455 2.583 | 2.824 | 1.094

055

02 5545 | 0.159 | 0.166 | 1.041

O3 4555 | 0.245 | 0.231 | 0.942

Q42 4555 | 0.407 | 0.401 | 0.985

032 4555 | 0.528 | 0.544 | 1.030

90
E25

=5 5.698 | 5.357 | 0.940
E25
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Table 1.4: Earnings profiles — Model vs. Data (Baseline)

Age 25 Age 55
Data Model
Cohorts HS |COL | ALL | HS | COL | ALL
1940 1 3.439 | 3.945 | 3.559 | 3.439 | 3.637 | 3.500
1970 1 1.284 | 2.264 | 1.705 | 2.687 | 2.606 | 2.593
% 1 2.679 | 1.742 | 2.087 | 1.280 | 1.395 | 1.348

www.manharaa.com



Table 1.5: Proportion of data explained

(Baseline)

X1970—X1940

m m
X1970=X194
1940

X1o10 T —xd
Xfo40

Data | Model
High school | 0.626 | 0.219 0.349
College 0.426 | 0.283 0.665
All 0.521 | 0.258 0.496

Note: Columns 2 and 3 show the change in
lifetime increment of 1970 cohort from 1940
cohort. Column 4 shows the proportion of
data explained by the model.
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Table 1.6: Calibrated parameters (Case 1)

54

Parameter | Description Value
T number of periods 42
r interest rate 1.05
S time spent in college 4
) depreciation rate 0.0114
10) on-the-job HC accumulation function parameter 0.6424
n college HC accumulation function parameter 0.4944
z college HC accumulation function productivity parameter | 3.3665
Zn productivity parameter common to all workers 1.0175
w1 initial wage rate per unit of human capital 3.9184
g growth rate of w, 1.0063
il mean of lognormal ability distribution -3.7718
o standard deviation of lognormal ability distribution 0.3992

Note: Highlighted parameters are calibrated
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Table 1.7: Calibration (Case 1)

Target

Model

Data

Data
Model

h25
Q25,35,45

0.164

0.169

1.032

h35
Q35,45,55

0.245

0.234

0.955

hd5
Q25,45,55

0.405

0.401

0.990

h55
Q25,35,55

0.526

0.538

1.022

c25
Q25,35,45

0.154

0.166

1.077

c35
Q35,45,55

0.242

0.199

0.821

c45
Q25,45,55

0.408

0.396

0.971

cbb
Q25,35,55

0.536

0.587

1.094

95

www.manharaa.com



56

Table 1.8: Earnings profiles — Model vs. Data (Case 1)

Age 25 Age 55
Data Model
Cohorts HS |COL | ALL | HS | COL | ALL
1940 1 3.439 | 3.945 | 3.559 | 3.437 | 3.731 | 3.597
1970 1 1.284 | 2.264 | 1.705 | 2.671 | 2.663 | 2.636
% 1 2.679 | 1.742 | 2.087 | 1.287 | 1.401 | 1.350

www.manharaa.com



Table 1.9: Proportion of data explained

(Case 1)

X1970—X1940

m m
X1970=X194
1940

X1o10 T —xd
Xfo40

Data | Model
High school | 0.626 | 0.223 0.355
College 0.426 | 0.286 0.672
All 0.521 | 0.245 0.471

Note: Columns 2 and 3 show the change in
lifetime increment of 1970 cohort from 1940
cohort. Column 4 shows the proportion of
data explained by the model.

o7
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Table 1.10: Calibrated parameters (Case 2)

o8

Parameter | Description Value
T number of periods 42
r interest rate 1.05
S time spent in college 4
0 depreciation rate 0.0114
10) on-the-job HC accumulation function parameter 0.6475
n college HC accumulation function parameter 0.4895
z college HC accumulation function productivity parameter | 3.4450
Zn productivity parameter common to all workers 1.0020
w1 initial wage rate per unit of human capital 4.0290

g growth rate of w; for college 1.0054
il mean of lognormal ability distribution -3.6950
o standard deviation of lognormal ability distribution 0.3520

g growth rate of w; for high school 1.0048

Note: Highlighted parameters are calibrated
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Table 1.11: Calibration (Case 2)

Target | Model | Data | D%

£3s 3.127 | 2.914 | 0.932

035

s 2.678 | 2.927 | 1.093

045

£55 2.560 | 2.824 | 1.103

055

02 4545 | 0.157 | 0.166 | 1.057

O3 555 | 0.245 | 0.231 | 0.941

Q48 4555 | 0.409 | 0.401 | 0.980

O3 5555 | 0.529 | 0.544 | 1.029

24 5.418 | 5.357 | 0.989

A 0.170 | 0.173 | 1.020
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Table 1.12: Earnings profiles — Model vs. Data (Case 2)

Age 25 Age 55
Data Model
Cohorts HS |COL | ALL | HS | COL | ALL
1940 1 3.439 | 3.945 | 3.559 | 3.430 | 3.755 | 3.595
1970 1 1.284 | 2.264 | 1.705 | 2.679 | 2.726 | 2.715
% 1 2.679 | 1.742 | 2.087 | 1.280 | 1.377 | 1.323
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Table 1.13: Proportion of data explained

(Case 2)

X1970—X1940

m m
X1970=X194
1940

X1o10 T —xd
Xfo40

Data | Model
High school | 0.626 | 0.219 0.349
College 0.426 | 0.274 0.643
All 0.521 | 0.244 0.469

Note: Columns 2 and 3 show the change in
lifetime increment of 1970 cohort from 1940
cohort. Column 4 shows the proportion of
data explained by the model.
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CHAPTER 2
FEDERAL AID AND U.S. EARNINGS INEQUALITY

2.1 Introduction

There have been notable changes in the U.S. wage structure since the 1970s.
Figures 2.1 and 2.2 show the strong increase in the college premium over time. While
most papers in the literature focus on skill-biased technical change, this paper explores
the role of federal aid as a possible source of inequality. My proposed theory is
consistent with the following observed facts: (i) the increase in college attainment,
(ii) the establishment and the subsequent increase in federal aid for college education,
and (iii) the increase in the college premium.

Figure 2.3 shows the college attainment of 25- to 34-year-old individuals over
time. From this picture, it is clear that education attainment, particularly college
attainment, has increased. In this paper, I introduce another fact: increasing federal
aid toward college education over time. The Higher Education Act of 1965 established
a system of grants and loans to help students finance their college education. Federal
aid makes up as much as 68 percent of all the direct financial aid available to students,
which makes the federal government the single biggest player in aid provision.! Figure
2.4 shows the breakdown of federal aid over time. As the figure shows, grants and
loans make up the biggest component in federal aid. Figures 2.5, 2.6, and 2.7 show

the total amount of aid, the number of recipients and the average amount received

ITrends in Student Aid 2003.
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per recipient for both Pell grants and GSL. The total volume and the number of
recipients received have grown over time. The increase in recipients for Guaranteed
Student Loans (GSL) far outgrew the increase in college enrollment (Figure 2.8).
Figure 2.9 shows the percentage of students receiving Pell grants and GSL since
1965. By 1977, about 35 percent of the students received Pell grants and the same
percentage is achieved for GSL in 1981. By 2003, as many as 60 percent of full-time
students had one or more sources of federal aid to help finance their college education.?
Figure 2.10 shows the comparison between the average federal aid received and the
cost of obtaining various types of post-high-school education; the average amount per
recipient indicates that the role of federal aid in college financing cannot be neglected.

Inequality can be defined in many ways. In the context of education differen-
tials, it is known as the college premium. In this paper, I think of inequality generated
through education selection in terms of the ratio between the present value of average
lifetime earnings for college-educated individuals to that of a high school-educated in-
dividuals. I choose this ratio metrics because when an individual makes an education
choice, he is essentially making a comparison between the stream of future earnings
from each education level. Taking the costs and benefits into account, he will choose
the level that gives the highest future earnings. This is the view taken in this paper.

Earnings can be understood as follows: earnings = w x h(a, q, H"), where w
is the wage rate per unit of human capital, h is human capital, a is ability, ¢ is federal

aid, and H"* is the level of initial human capital. Human capital, h, is increasing in

2Tbid.
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both a and ¢q. There are three potential ways to increase earnings. The first is though
the wage rate (w) and the second and third are through human capital (h). In this
paper, the mechanism focuses on the effect on the college premium through federal
aid (¢) and ability (a). The effect working through ¢ is called the federal aid effect
and through a is known as selection effect.

I construct a model of education choice and human capital accumulation to
explain the relationship between inequality and federal aid. The production of human
capital requires goods input (i.e., the expenditures of individuals for a college educa-
tion). Federal aid is modeled as a subsidy: For every unit of goods invested, some
proportion is given for free, which makes the accumulation of human capital cheaper
than otherwise. This will induces individuals to accumulate more human capital. A
larger accumulated stock of human capital will result in higher earnings. Since federal
aid is available only to college students, this can disproportionately increase average
college earnings relative to average high-school earnings.

In the model, individuals are heterogeneous with respect to their ability to
accumulate human capital and their initial human capital. Individuals with higher
ability are able to accumulate human capital at a faster rate and thereby have more
earnings than individuals with lower ability. Since college education entails some
cost, only people with the ability to reap high enough returns choose to go to col-
lege. Consequently, for a level of initial human capital, individuals are sorted into
education groups according to their ability: Only an individual with high ability will

go to college. However, as earnings of college-educated individuals increase, it may
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increasingly become worthwhile for more individuals to pay for a college education.
This increase in attending college changes the composition of individuals in both
high-school and college groups in terms of average ability. The selection effect on col-
lege premium is thus ambiguous. The quantitative questions still remain: In which
direction does the selection effect has on the college premium, and which effect — the
selection or federal effect — dominates? My model can almost fully explain the rise in
the college premium. Federal aid alone explains around 70 percent of the increase in
college premium.

The rest of the paper proceeds as follows. Section 2.2 introduces the model.
Section 2.3 discusses the calibration strategy and presents parameter values. Section

2.4 discusses the results and Section 2.5 concludes.

2.2 Model
2.2.1 Environment
The economy is populated by overlapping generations of individuals. There
are two levels of education: high school and college. Each individual enters the model
with a high school diploma and chooses whether to go to college. If he decides to
attend college, he will go for s periods and then enter the labor market. If he chooses
not to attend college, he will enter the labor market immediately. Once an individual
chooses to enter the labor market, he cannot return to school. In this model, human
capital is accumulated only in school and not in the labor market. Each individual

enrolled in college is a full-time student. Each working individual has one unit of
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time endowment per period that he supplies to the market inelastically.

Time is discrete and indexed by ¢t = 0,1,...,00. Each individual lives for T
periods and is ex-ante heterogeneous in terms of ability, a € R, , and initial human
capital, H" € R,. The ability of each individual includes both cognitive and non
cognitive skills and describes his capacity to learn and to accumulate human capital.
Initial human capital is the level of human capital of an individual when he enters
the model. Since each individual enters the model with a high school diploma, initial
human capital is the level of human capital an individual has when he finishes high
school. Human capital accumulates with more education but ability does not. Each
individual knows his level of ability and initial human capital before schooling and
consumption decisions are made. Ability and initial human capital are distributed
according to the cumulative distributions, A and H, respectively. Both distributions
are time invariant.

There is a perfect credit market in which each individual can borrow and save
at a constant exogenous rate r — 1. There is no uncertainty, and preferences are
defined on consumption sequences only. The wage rate per unit of human capital is
given exogenously and is assumed to admit a constant growth rate g. Since there
are no borrowing constraints, uncertainty, and leisure, the problem of maximizing

lifetime utility is equivalent to maximizing lifetime earnings.
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2.2.2  Technologies
There is no accumulation of human capital on the job. Once an individual
decides to enter the labor market, his level of human capital is fixed for the rest of
his model life. An individual that chooses to go to college will accumulate human
capital based on the following accumulation function, and his level of human capital

will remain constant after he leaves college:

hrsir = a® (B,[(1+ gr)u] )¢ (2.1)

hs
hT,l =H 5

where ¢°, 0, and ¢ € (0,1) and ; is the amount of goods committed toward accumu-
lation of human capital in college at time ¢, ¢, is the subsidy from the government for
college education for cohort 7, h; is the accumulated human capital inherited from
the last period, and h;.; is the accumulated human capital in this period. Human
capital does not depreciate in this model.

The wage rate per unit of human capital (w) is exogenous and is assumed to

grow at a constant rate g:
Wiy1 = gWs.

Similar to the Ben-Porath model, earning inequality between and within education
levels can only be generated by the difference in the level of human capital and invest-
ment behavior. This is because both college- and high school-educated individuals

command the same wage rate.

www.manharaa.com




68

2.2.3 Individual’s problem
An individual enters the model with a high school diploma and chooses whether
to have college education. He will choose the schooling level that affords him the
highest net lifetime earnings. Once he enters the labor market, he cannot return to

school. There is no decision to be made in the labor market.

2.2.3.1 Net lifetime earnings (High school)

An high school-educated individual from cohort 7 with ability ¢ and initial
human capital H" will start work at age 5 = 1. The first wage rate that workers
from cohort 7 face as they enter the labor market is w,. There is no decision for the
high school-educated individual. The maximized value of net lifetime earnings is then

UMMy — s NN
() = { > () }
2.2.3.2 Net lifetime earnings (College)

A college-educated individual from cohort 7 with ability ¢ and initial human
capital H"* starts work at age j = s + 1. He accumulates human capital in college.
After college, his stock of human capital remains constant. For every period in college,
the individual chooses the amount of goods (x;) he wants to invest in the accumulation
of human capital.

The maximization problem is

Ucol Hhs _ h d g =1 - 1 o
T (av )_{glg}:l Wrhr 541 Z (;) _Z ; Ty

t=s+1 t=1
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subject to

hepn = a® (B,[(1+¢.)z]"?)°

hs
hT,l = H 5

where U< (a, H hs) is the maximum net lifetime earnings of a college-educated indi-
vidual from cohort 7 with ability level @ and initial level of human capital H"s.

After some algebraic manipulation, this problem can be expressed as

D(s)

U (a, H™) = max {a(s)A(s)(l + qT)B(S)xB(S) (Hhs) W.(s) — :L’C’(s)}

where

o=

a(s) _ (a¢c> i1 (00)°F

) i (t=1)(A-0)¢(00)

S

B(s) =Y (1-60)¢(6¢)"

-3 (x)
D(s) = (6¢)°
w3 ()"

The first-order condition with respect to x is

a(s)A(s)(1 4 ¢ ) BOW,(s) (Hhs)D(S)

C(s)

Tr =

N
> r,;, wheret =1,...,s.
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The optimal net lifetime earnings for a college worker is expressed as

a(s)A(s NBEOW. (s hs) D(s) =)
U (a, H") = r(s) (”A( ><1+qc )(S)BZ()(H ) )

Y

where

B(s)

k(s) = B(s)T-B6 — B(s)ﬁé(s).

2.2.4 Schooling decision
An individual compares net lifetime earnings between a college and high-school
education and decides whether to attend college according to the following decision

rules:
Uks(H"™) < U a, H") — choose college
Uks(H") > U (a, H*) — no college .
In particular, the unique cohort specific threshold a is given by

U_,}.LS(HhS) — U:ol(a’Hhs).

2.2.5  Mechanism of the model
It is worthwhile to spend some time discussing the mechanism of the model.
In my model where labor is supplied inelastically to the market so earnings con-
sist of a wage rate per unit of human capital, w, and the level of human capital,
h(a,q, H"). The contemporaneous college premium is the ratio between average
earnings of college-educated individuals to that of high school-educated individuals
at a point in time for a single cohort:

col
7.J

q hs ?
Earnings?’

. Earnings
College premium =
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where
Earnings = wh(a,q, H™).

There are two potential ways to change college premium. The first is through
wage rate per unit of human capital (w). The way is to distinguish between the wage
rate for college (w!) and high school (w"*). When we allow for w® > w" at every
point in time, we have skill-biased technical change (SBTC).

The second way to change the college premium is through the mechanism of
the model. The mechanism relies on the changes in the level of human capital across
cohorts. There are at least two ways that human capital can change. The first is
through the ability threshold. Equation 2.2 characterizes the ability threshold for a

particular cohort 7:

1-B(s) .
__D(s) _ ¢C 351 (00)5—
Hhs 1 1—-B(s) T g Lt
af = ( ) Zt:l (r) (22)

T B(s)

—B(s _B(s) Als T t—1 %B()
wr 7 (14 ¢,) TS K [(c(s)(st)) 9 et (%) ]

where we know

1—-B(s) > 0
1— B(s)
Fyrneo— T
B(s)
5 "

For a given level of initial human capital, the ability threshold decreases as
the initial wage rate per unit of human capital w, increases. So, more individuals
with lower ability are induced to go to college. This implied that the average abilities

of both high school- and college-educated individuals are decreasing over cohorts.
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In the context of the college premium, when the average earnings of both college-
and high school-educated individuals drop, college premium can potentially increase
or decrease. I call this the selection effect: As individuals respond to the income
effect from the increase in w,, their schooling decision changes the composition of
both the pool of college- and high school-educated individuals over cohorts. It is a
quantitative question whether the selection effect works for or against increasing the
college premium.

The second is through accumulating more human capital for every unit of
goods (x) invested in college education; I call this the federal aid effect. From Equa-
tion 2.1, we can see that for every unit of x spent on college education, the government
subsidizes a fraction ¢ such that each individual aid recipient gets a little more human
capital than otherwise. Federal aid induces individuals to accumulate more human
capital during college. Since federal aid is pertains only to college individuals, it in-
creases the stock of accumulated human capital, resulting in higher college earning
and therefore the college premium ceteris paribus. However, the presence of federal
aid induces additional selection effects as a side effect. This is also evident from
Equation 2.2: Individuals see the potential of “cheaper” human capital and higher
future earnings. Consequently, it may be worthwhile for the “marginal” individual
to attend college at the expense of incurring some cost. Technically, this decreases
the cohort-specific threshold such that the average individual of both the college and
high school education groups are less able to accumulate human capital over cohorts.

It is not clear from analytical solutions whether the college premium will in-
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crease. To determine the effects quantitatively, this requires proper parameterization
of the model. In the next subsection, I discuss the parameterization under which

individuals accumulate more human capital as the government increases federal aid

(i.e., Ohetr 0).

9q

2.2.6 Federal aid effect
In this section, I examine some properties of the accumulated human capital
from college education and its effect when the subsidy, ¢, increases. The closed-form
solution of the level of human capital at the end of an individual’s college education

is given by
=0 bes
b (&)= LAY 77 | ZE )| T )

Partial derivation with respect to ¢ gives

Ohuy1 _ b [BEWE TPy 26 L e
et agsya(s] e | O (HM) 5 (14 )55,

For g to have a positive effect on subsidy,

B(s)

1_—3(8)—1>0—>B(s)>

)

N —

where the constant B(s) is increasing in ¢ and decreasing in 6.

As discussed above, it is unclear how human capital will ultimately change.
However, for the federal aid effect to have some impact, proper parameterization
should first allow for %q“ > 0, then % > 0 should also be met so that the

federal aid effect dominates the selection effect. And for the federal aid effect to be

quantitatively signiﬁcant,[ 5eh ] >> [Bfgﬂ] '
qoa >0 a q=0
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Section 2.3 discusses how calibration strategy, and Section 2.4 discusses the

model simulated-results compared with observed data.

2.3 Calibration
2.3.1 Calibration strategy
This section discusses the calibration strategy. There are two steps to cali-
bration. First, some parameters are assigned values using prior information. Then
the remaining parameters are obtained by calibrating the model to key statistics of
the 1960 cohort. In particular, I am interested in determining whether federal aid is

quantitatively significant in explaining the rising earnings inequality in the late 1970s.

2.3.1.1 Parameters determined with prior information

One model period represents one calendar year. The model has 42 model
periods (T" = 42). This means that each individual enters the model at age 18 and
exits at age 59. Retirement decision is not modeled in this paper. Upon entering the
model, an individual chooses whether to obtain a college education. A college student
will spend 4 years in college (s = 4), whereas a high school-educated individual starts
employment immediately. The gross interest rate is set to r = 1.048.

The federal aid sequence (g,) is calculated from data. The sequence of ¢, is
the proportion of the subsidy received for every dollar invested in college education.
To find its data counterpart, I first find the total yearly cost for college education
adjusted for inflation for every academic year starting from the academic year 1963-

64 in a four-year college. The total cost comprises of average tuition, fees, and room
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and board.? As discussed previously, federal aid can come in several forms; Pell grants
and loans are the largest two aid components. A Pell grant is conceptually close to the
idea that ¢ is free. A subsidized loan also has this similar property. Consequently,
considering only Pell grants can potentially understate the increase in the impact
of federal aid, especially in the 1980s when loans overtook grants as the dominant
component in federal aid (see Figure 2.4); this trend still persists today. I take the
average amount of Pell grants and average subsidized GSL per full-time student in
the year as the dollar amount of federal aid. The dollar amount of GSL subsidized
by the federal government needs to be calculated.

A student loan is subsidized in two aspects.* First, the interest incurred while
in college is paid for by the federal government. Second, the interest paid on that loan
is lower than on an unsubsidized loan. I ignore the second aspect in the calculation
as the repayment plans for college loans are complex. Individuals can choose various
types of repayment plans and to decide whether to lock in a fixed interest rate.
Also, the additional option of consolidating college debts while still in school or after
graduation can yield different interest rates paths for the same borrower. This makes

the calculation of an “average” loan virtually impossible.

3The total cost is for a four-year college is made up of public universities and four-year
public colleges. It does not include private institutions. So total cost is a weighted average
(by enrollment) of the cost from these two types of institutions in the year 1967 as this is
the earliest data found. Alternatively, I could use an average. However, enrollment patterns
shows that more students attend public four-year colleges than public universities. Thus
the total cost using average will overstate the total cost faced by an average student and
understate the level proportion of federal aid, ¢ in the 1960s.
Data source: Trends in Student Aid: 1963 to 1983.

4The name GSL is subsequently changed to Stafford loans.
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The yearly interest payment for a subsidized loan is calculated based on the
first aspect and as with a Pell grant, it is applicable only to students while they are in
college. This is consistent with the model where human capital accumulation and the
subsidy from the federal government, ¢, take place while an individual is in college. I
use the unsubsidized interest rate because this is the total amount that is paid by the
federal government for a college individual in a given year. The unsubsidized interest
rate for GSL follows the 3-month Treasury bill interest rate plus 2.3%. I consider the
interest rate as an average of the 3-month Treasury bill interest rate over the years
1963 to 2003 plus 2.3%. The average amount of interest payment for a student loan
taken by a full-time student is calculated in this way.

As q is the proportion of out-of-pocket expenditures that is free. Conceptually,
it should be % and not % because x in the model corresponds to out-
of-pocket expenditures where the out-of-pocket expenditures is average cost for an
academic year less the about of subsidy received from the federal government i.e.,
(Cost — Subsidy). 1 calculate this number for every year starting from academic year
1963-64 and ending with the academic year 2002-03. In this exercise, I calculate an

average growth rate g, and let allow the subsidy ¢ to grow at a constant rate. Figure

2.11 plots the sequence of subsidies (¢) plugged into the model.

2.3.1.2 Calibrated parameters

The list of the remaining ten parameters is

U= {074-7¢C7w17gvuauO-(an’HhSJO-HhSJpa,HhS} )
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which consists of college human capital accumulation function productivity parame-
ters (¢°,0, and (); the level of the wage rate per unit of human capital for the first
cohort of the model (w;); the growth rate (g) in wy; the mean (u,) and standard
deviation (o,) of the lognormal ability distribution; the mean (ugns) and standard
deviation (opyns) of the lognormal initial human capital distribution; and lastly, the
correlation between ability and initial human capital (p, grs). These ten parameters
are calibrated by solving at least ten nonlinear equations to minimize the distance
between the selected data moments and their corresponding model conterparts. This
is discussed explicitly in later paragraphs. Refer to Table 2.1 for a quick summary.

The human capital production function parameters such as 6, , and ¢¢ govern
the level of accumulated human capital. The parameter # determines how important
today’s level of human capital is tomorrow. A lower value of 6 places greater emphasis
on today’s expenditure x; and the federal subsidy, ¢, and vice versa. Remember
the discussion in Section 2.2.6; for the federal aid effect to have an impact, 6 is
ideally small. A smaller value of # increases the average earnings of college-educated
individuals relative to that for the high school-educated individuals and will induce
more individuals to go to college. The parameter ( imposes concavity to the human
capital accumulation function. This, in turn, helps to limit the level of accumulated
human capital for the college individual. This parameter helps to keep the college
premium from exploding. Parameter ¢° also has the same function as (.

The level of the wage rate per unit of human capital for the first model cohort

(wy) is critical in pinning down the ratio of average earnings between college- and
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high school-educated individuals. The growth rate g is one of the parameters that
will determine the extent of increase in lifetime earnings. Together 0, (, ¢¢, wq, and
g determine the sequence of cohort-specific ability thresholds.

The parameters i, ,04, fighs, Ogns, and p, grs characterize the joint lognormal
ability and initial human capital distribution. This governs the range and frequency
of ability and initial human capital levels that enter the earning functions, but it does
not alter ability thresholds. The separate determination of thresholds and distribution
creates the need to properly specify the location parameter to guarantee a sensible
fit between the two. This separation also produces a situation that makes matching
targets singularly difficult. In particular, the direction of change in the simulated
ratios is uncertain when these parameters are changes, as illustrated by the following
examples.

As an example consider that for a given level of initial human capital (H"*),
a higher ¢ means higher lifetime earnings of a college-educated individual for any
cohort. However, a higher ( results in steeper lifetime earnings when plotted against
levels of ability. This means that, given no changes in the lifetime earnings of the
high school-educated individual, the threshold of any cohort can be lower for a higher
¢ compared with a lower one. Consequently, the mean of the ability distribution will
have to adjusted lower to ensure the proportion of college attainment is matched.
The resulting range of ability that enters the lifetime-earnings profile is lower than
for a lower (. Thus the effect of an increase in ¢ on earnings is unknown since ability

enters the model in an non trivial manner.
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2.3.2 Targets
Using prior information, I proceed to calibrate the ten remaining parameters

to the 1960 cohort. The chosen targets are listed below:

1. Proportion of college-educated individuals (R1), 1 moment

2. Mean of normalized real earnings for ages 20-29, 30-39, 40-49, 50-59 (R9, R12,

and R15), 3 moments

3. Standard error of normalized real earnings for ages 20-29, 30-39, 40-49, 50-59

(R19-R22), 4 moments

4. Skewness (22 ) of real earnings for ages 20-29, 30-39, 40-49, 50-59 (R8, R11,

median

R14, and R17), 4 moments

5. College premium of the present value (PV) of lifetime earnings (R27), 1 moment

This calibration exercise uses earnings data to pin down the parameters of
the model that do not have explicit data counterpart. The main idea is that the
parameters should behave in a way that is consistent with the observable outcome
of education— that is, earnings observed in the labor market. Therefore, information
about the parameters should be embedded in the earnings data. The mean, standard
error, and skewness targets are calculated using real earnings of both college- and
high school-educated individuals. Real earnings are then normalized by the mean of
real earnings for the 20- to 29-year-old group. Therefore, there are only three mean

moments since the mean of normalized real earnings for this group is matched by

default.
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All parameters jointly determine earnings, but some parameters have a greater
influence some targets than others. The mean, standard error, and skewness mo-
ments help to pin down the joint distribution. Human capital parameters are also
determined by the mean and skewness moments. As lifetime earnings affect college
attainment, the human capital parameters are played a role in making sure that the
correct proportion of people attend college. Lastly, recall that the exercise is to fix
the model at 1960 cohort and see how the model performs, the wage rate per unit of
human capital for the first model cohort and the growth rate is determined largely
by the college premium.

Since model units are different from data units, the chosen targets are all units
free. The aim of the calibration exercise is to minimize the distance between ratios
calculated from Census data and their model counterparts. Therefore a measure of
distance is built using both simulated and Census data. Below is a system of thir-
teen nonlinear equations solving for ten unknowns. For given wage rate and subsidy
sequences, parameters are calibrated such that each element in ¥ simultaneously
minimizes this function. This means that the ratio between observed data and their

model counterparts is close to 1: F(¥) = 1.
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( )

023 =+ R1
1.52 = R9
1.64 = RI12
1.70 =+ RI15
048 + RI19
0.66 + R20

F(U)=1< 088 = R21 ¢

1.03 + R22
098 =+ RS

1.07 = RI11
1.15 + Rl4
1.19 = RI17
1.39 + R27

\ /

The values of calibrated parameters and the fit of calibration are presented in
Tables 2.1 and 2.2, respectively. Once calibrated parameters are obtained, they are

substituted into the model to simulate earnings data.

2.3.3 Simulation of model data
I take a random draw from the joint lognormal ability and initial human capital
distribution. This draw of ability is kept unchanged for every cohort. I could have

used a new draw for each cohort but my intent is to keep each cohort strictly identical
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except for w, and ¢,.°

The number of random draws of ability levels and initial human capital de-
termines the number of individuals for each cohort. Since the number of draws does
not change from one cohort to another, my model is one of constant population.
This means that any result from this model is not caused by the effect of increase
cohort size. The model is simulated for 70,000 individuals for one age group. Since
there are ten age groups for each cohort, 700,000 individuals are simulated for each
birth cohort. The model is able to generate his sequence of lifetime earnings for each
individual.

To make the conditions for comparison between simulated and Census data
as close as possible, some considerations are made. First, we know that all college-
educated individual have zero earnings for the first four periods of their model life
when they are in still college. These entries must be removed before averages are
calculated as average earnings are calculated only for employed workers. Second,
since the top and bottom 1 percent of earnings are removed when calculating average
earnings in Census data, this is also done for the simulated data. Third, the average
earnings for high school-educated individuals calculated from Census data do not
include earnings of individuals with less than high school or one to three years of
college education. Similarly, the average earnings for college-educated individuals
calculated from Census data do not include individuals with more than four years of

college education. This is to ensure that observed data conform as closely to model

°It is observed that any draw below 40 can significantly change the results.
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specification as possible.

2.4 Results
2.4.1 Baseline case

In this section, I discuss the results from the model and compare them with
observed data. Recall that the exercise is to fix the model to the 1960 cohort and
evaluate the effectiveness of the mechanism.

As argued previously, inequality generated from schooling decisions is perhaps
best thought of in terms of lifetime inequality, because when an individual makes
a decision on schooling, he considers which option will provide the highest future
earnings. Using synthetic cohorts, I calculated the sequence of average earnings for
college- and high school-educated individuals at ages 25, 35, 45, and 55. Applying
discounting to the sequences, I construct a measure of the present value of average
lifetime earnings for both college- and high school-educated individuals. The college
premium is then calculated as a ratio of average lifetime earnings of college-educated
individuals to that of high school-educated individuals (hereafter, this ratio is denoted
as PVCP).

Figure 2.12 shows the comparison between data and model. The dashed blue
line and the solid magenta line represent data and model measures of PVCP, respec-
tively. The PVCP for the 1960 cohort matches perfectly with data as this point is a
target in the calibration exercise. The mechanism is then allowed to run to evaluate

the effectiveness of the mechanism. The increase in the magenta line shows that the
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model is able to match the increase in PVCP well. Table 2.3 calculates the numbers
to Figure 2.12. Using this measure of the college premium, the model can explain the
rise in the present value of lifetime college premium fully.

The measure of the college premium is customarily calculated in the literature
by comparing average earnings of specific age groups of college- and high school-
educated individuals. I call this the contemporaneous college premium. To see how
well the model perform with respect to this measure, I calculated the sequence of
the contemporaneous college premium and compare it with its model counterpart. In
this measure, I take the ratio of average earnings of college-educated individuals 22
to 28 years of age to that for the high school-educated individuals 18 to 24 years of

Ecol . .
age (=222). The age groups are chosen so that the number of years of experience in
E{L§724

the labor market for both education groups is the same.

Figure 2.13 shows the comparison with data. Once again, the dashed blue
line represents data and the solid magenta line represents model. Contrary to PVCP,
the contemporaneous college premium for the year 1960 is not calibrated to: The
contemporaneous measure of college premium for 1960 does not match perfectly with
data but it is reasonably close. I normalize the contemporaneous college premium
from the model to that of the data (See Figure 2.14). This allows me to evaluate
the extent of the increase in the contemporaneous college premium explained by the
model. Table 2.4 provides these numbers. The model is able to explain 42 percent
of the rise in the contemporaneous college premium. Considering the parsimonious

nature of this model, I would argue that the model is performing reasonably well.
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Another item of interest is the college attainment since this is a education
selection story. Figure 2.15 shows the comparison of the model with data. The blue
dashed line represents data and the magenta solid line is from the model. Recall that
only the first observation, the college attainment for the 1960 cohort, is calibrated to.
On the whole, the model is performing extremely well compared to the data with the
exception of the 1970 cohort where the model produces a proportion of 0.27 and its

data counterpart is 0.32.

2.4.2 Counterfactual

The aim of the paper is to quantitatively evaluate the importance of federal
aid on inequality. A counterfactual exercise is simulated for cases with no federal aid
(i.e., ¢- = 0). The solid black lines in Figures 2.12, 2.13, and 2.14 shows the results
under this scenario. Table 2.5 shows that federal aid explains around 67 percent
of the rise in PVCP. A counterfactual performed on the contemporaneous college
premium shows that federal aid explains approximately 25 percent of the rise in the
contemporaneous college premium (See Table 2.6). Lastly, college attainment is lower
when there is no federal aid (See the solid black line in Figure 2.15).

There is one potential problem with this counterfactual exercise. This stems
from the fact that this is a partial equilibrium model. It is observed from the previous
paragraph, when there is no federal aid, college attainment declines. However, when
college attainment declines, the marginal product of the high-level skills provided by

college-educated individuals may rise and there may be a possible feedback on college
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premium. But at the end of the day, this is an issue of the position that is taken
on the elasticity of substitution between the two levels of skills: High-leveled skills
provided by the college-educated individuals and low-leveled skills provided by high
school-educated individuals. If the technology on the production side is linear, then
the two level of skills are perfect substitutes and they command the same price. This
is the case in this paper. Any specification other than linear technology will have
the feedback effect and this effect is not captured by the partial equilibrium model.
Lastly, it is worth mentioning that this issue does not matter for baseline results as

the baseline case is consistent with the behavior of prices.

2.5 Conclusion

I begin this paper by introducing a possible federal aid effect to explain earn-
ings inequality between college- and high school-educated individuals. I build a model
of schooling choice to address the role of federal aid on the rise of earnings inequality
in the late 1970s. The model features discrete schooling choice and individual het-
erogeneity so that people are sorted into education groups. Federal aid is modeled as
a subsidy that is a proportion of what each individual chooses to spend on college.
The mechanism of the model relies on both the selection and the federal aid effects.
Skill-biased technological change is not build into the model: Regardless of education
attainment, all individuals receive the same wage rate per unit of human capital.
While it is clear that the federal aid effect increases the college premium through

the channel of increased accumulation of human capital while the individuals are in
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college, analytically the effect of selection is not certain. It is thus a quantitative issue
whether federal aid has any impact on earnings inequality.

I find that federal aid is quantitatively important in explaining the rise in-
equality in the late 1970s. My main results are that my mechanism can explain fully
of the rise in PVCP and around 42 percent of the rise in the contemporaneous col-
lege premium. The federal aid effect alone is able to account for 67 percent and 25
percent of the rise in earnings inequality as measured by PVCP and the contempo-
raneous college premium, respectively. Given the parsimonious nature of the model,

I would consider that the model has performed well.
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Table 2.1: Calibrated parameters

Parameter | Description Value
T number of periods 42
r interest rate 1.048
s time spent in college 4
0 human capital production function parameter 0.318
¢ human capital production function parameter 0.697
o° parameter for college workers 0.235
wq initial wage rate per unit of human capital 41.2
g growth rate of w, 1.0021
o mean of lognormal ability distribution 12.8
Oq s.d. of lognormal ability distribution 0.5435
s mean of lognormal initial human capital distribution 17.7
O prhs s.d. of lognormal initial human capital distribution 0.605
Pa,Hhs correlation between ability and initial human capital 0.56

Note: Highlighted numbers are calibrated.
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Table 2.2: Calibration

Target Model | Data | %
Proportion of college-educated individuals 0.22 | 0.23 | 1.03
Mean of normalized real earnings at age 30-39 1.05 1.52 | 1.45
Mean of normalized real earnings at age 40-49 1.07 1.64 | 1.54
Mean of normalized real earnings at age 50-59 1.09 1.70 | 1.56

Standard error of normalized real earnings at age 20-29 | 0.61 0.48 | 0.80

Standard error of normalized real earnings at age 30-39 | 0.63 0.66 | 1.05

Standard error of normalized real earnings at age 40-49 | 0.65 | 0.88 | 1.36

Standard error of normalized real earnings at age 50-59 | 0.66 1.03 | 1.56

Skewness of real earnings at age 20-29 1.1827 | 0.98 | 0.83
Skewness of real earnings at age 30-39 1.1820 | 1.07 | 0.90
Skewness of real earnings at age 40-49 1.1820 | 1.15 | 0.98
Skewness of real earnings at age 50-59 1.1820 | 1.19 | 1.008
Present value of lifetime college premium 1.393 | 1.391 | 0.999

Note: Earnings are normalized by average earnings at age 20-29.
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Table 2.3: Proportion of increase in the present value of
lifetime college premium explained

Year | Lifetime College Premium | Change
Data

1960 1.391

1980 1.527 0.0978
Model

1960 1.393

1980 1.535 0.102

Explains 1.042
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Table 2.4: Proportion of increase in the contemporaneous college
premium explained

Year | Contemporaneous College Premium | Change
Data

1960 1.440

2000 2.056 0.428
Model

1960 1.718

2000 2.023 0.178

Explains 0.415
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Table 2.5: Proportion of the present value of lifetime college premium
explained by the federal aid effect

Year | Lifetime College Premium | Change | Explains
Model: ¢ > 0

1960 1.390

2000 1.535 0.102 1.042
Model: ¢ =0

1960 1.390

1980 1.444 0.0366 0.374

Federal Aid Explains 0.668
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Table 2.6: Proportion of the contemporaneous college premium explained by the
federal aid effect

Year | Contemporaneous College Premium | Change | Explains
Model: ¢ >0

1960 1.718

2000 2.023 0.178 0.415
Model: ¢ =0

1960 1.730

2000 1.839 0.070 0.164

Federal Aid Explains 0.250
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APPENDIX A
MATERIAL FOR CHAPTER 1

A.1 Construction of the earnings profile from data

The data comes from the IPUMS-USA. In particular, I use Census data from
1940 to 2000. I look at only employed white males with the following education
levels: (i) high school diploma, (ii) four-year college degree, and (iii) all individuals
i.e. individuals with high school diploma and individuals with four-year college degree.
The earnings profiles from (i) and (ii) are also referred to as the conditional earnings
profiles, while that from (iii) is known as the unconditional earnings profile.!

I construct life-cycle earnings profiles for synthetic cohorts according to edu-
cation level. I calculate the average annual real earning, in 2000 dollars, of college-
educated individuals who are 25 years old in 1940, 1950, 1960 and 1970. I denote
them as the 1940, 1950, 1960, and 1970 cohorts, respectively.? I recalculate the av-
erage earnings of each cohort every 10 years over 30 years to create a sequence of
average earnings for college-educated individuals across the life cycle.® 1 repeat the

same exercise for high school-educated individuals and all individuals.* Figures 1.1,

IT select only employed white males because labor hours for white male individuals do
not change considerably on the intensive margin, focusing on them reduces unnecessary
complications in the data. In particular, I do not want the analysis to be convoluted by
factors such as increase in labor hours on the extensive margin due to increases in the female
labor-force-participation rate.

2From the Census data, I group 20-29, 30-39 year old etc. I use these groups to allow
for more data points, but refer to the groups as 25 year olds, 35 year olds, etc.

3See Figure 1.23.

4See Figures 1.24 and 1.25.
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1.2, and 1.3 are obtained by normalizing each sequence by its first observation. A
slower rise in average earnings is shown by a flatter slope and vice versa. That is,
the flattening of life cycle earnings over cohorts indicates that earlier cohorts have

greater increments in their life-cycle earnings profile than later cohorts.

A.2 Data

The main source of data is US census data from the IPUMS-USA. T used 1
percent sample for all years 1940 to 2000 except for 1970, for which I used 1970 Form
1 State sample.

The income variable is INCWAGE. It reports each respondent’s total pre-tax
annual wage and salary income. INCWAGE includes wages, salaries, commissions,
cash, bonuses, tips and other monetary income from an employer. Payments-in-
kind or reimbursements for business expenses are not included. Since INCWAGE is
expressed in nominal terms, it needs to be adjusted for comparisons over time.

The education variable is EDUCD (detailed version). EDUCD denotes a re-
spondent’s highest educational attainment. This is denoted either as the highest year
of school completed or highest degree earned. Classifications have evolved over time.
For comparability, for 1940-1980, all respondents are classified according to the high-
est year of school completed. From 1990 onwards, respondents who have completed
high school are classified according to highest degree earned and high school drop
outs are classified according to highest year of school completed. A college degree

is differentiated by assigning each degree the number of years it typically takes to
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achieve the degree: 2 years of college for associate’s degrees; 4 years of college for
bachelor’s degrees; and 5+ years of college for graduate and professional degrees.’

Since I am looking at earnings of employed white males, I use RACED (=100),
SEX (= 1), EMPSTATD (= 10) and CLASSWRKD (> 20, < 29) to filter out the
subsample needed. I use AGE to create the age intervals 20- 29, 30-39, 40-49 and
50-59 to obtain the four data points for each cohort.

For occupation, I use OCC1950. Classification is according to the 1950 Census
Bureau occupational classification system for occupational data, which uses a three-
digit code to sort respondents. 1940 and pre-1940 data are reclassified to the 1950

classification system for comparability. I group respondents into occupation groups

with broad categories 000, 100, 200, 300, 400, 500, 600, 700, 810 and 910.

A.3 The unconditional earnings profile

The unconditional average earnings from the model is calculated from

Er,j = pTEi,Ojl + (1 - p‘r)Eﬁj

where £, ;, Eﬁ?j and Ef‘j is the average annual earnings for all , college- and
high school-educated individuals for cohort 7 and age j, respectively. And p is the
proportion of individuals with college degree from cohort 7. The earnings profile for

each cohort is then calculated by normalizing by earnings at age 25 (E; 25).

®HS[60,64], COL[100,110), COL+[100,116]
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APPENDIX B
MATERIAL FOR CHAPTER 2

B.1 Data

Earnings comes from various years of Census date. Refer to Appendix A.2 for
more details.

Data for federal aid comes from College Board publication “Trends in Student
Aid” for years 1963 to 1968 and 2003. Another source comes from “ACE Historical
Fact Sheet on Higher Education” from the U.S. department of Education, Office of
Postsecondary Education. Education attainment data comes from College Board
publication “Education Pays”. Expenditure for college education is from yet another

College Board publication “Trends in College Pricing” Table 5b.
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