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American Economic Review 101 (October 2011): 2487-2529
http:/fwww.aeaweb.org/articles.php ?doi=10.1257/aer.101.6.2487

The Nature of Credit Constraints and Human Capital’

By LANCE J. LOCHNER AND ALEXANDER MONGE-NARANJO*

We develop a human capital model with borrowing constraints
explicitly derived from government student loan (GSL) programs
and private lending under limited commitment. The model helps
explain the persistent strong positive correlation between ability and
schooling in the United States, as well as the rising importance of
Jfamily income for college attendance. It also explains the increasing
share of undergraduates borrowing the GSL maximum and the rise
in student borrowing from private lenders. Our framework offers new
insights regarding the interaction of government and private lend-
ing, as well as the responsiveness of private credit to economic and
policy changes. (JEL D14, H52, 122,123, J24)

Understanding the forces that shape human capital accumulation is important for
many areas of economics. Economists have long thought that credit market imper-
fections play a crucial role in education decisions, since youth cannot generally
pledge their future skills or labor as collateral.’ This paper develops a new frame-
work for the analysis of human capital accumulation in the presence of imperfect
credit markets, and uses it to examine the relationship between educational attain-
ment, ability, and family resources.

We begin by documenting two key facts from US data: (Fact 1) Conditional on fam-
ily income, college attendance is strongly increasing in ability. This relationship holds
within all narrowly defined family income groups and has persisted for decades. (Fact 2)
Conditional on ability, college attendance is strongly increasing in family income (and
wealth) for recent cohorts; however, this correlation was much weaker a generation ago.

* Lochner: Department of Economics, University of Western Ontario, London, Ontario N6A 5C2, Canada, and
National Bureau of Economic Research (e-mail: llochner@uwo.ca); Monge-Naranjo: Department of Economics,
Pennsylvania State University, 502 Kern Graduate Building, University Park, PA, 16802-3306 (e-mail: aum26@
psu.edu). For their comments, we thank Pedro Carneiro, Martin Gervais, Tom Holmes, Igor Livshits, Jim MacGee,
Richard Rogerson, Victor Rios-Rull, participants at the 2008 Conference on Structural Models of the Labour
Market and Policy Analysis, and seminar participants at the University of British Columbia, University of Carlos
III de Madrid, Indiana University, University of Minnesota, Simon Fraser University, University of Western
Ontario, and University of Wisconsin. Lochner acknowledges financial research support from the Social Sciences
and Humanities Research Council of Canada. Monge-Naranjo acknowledges financial support from the National
Science Foundation (SES-0112943).

T To view additional materials, visit the article page at
http://www.aeaweb.org/articles.php?doi=10.1257/aer.101.6.2487.

! Gary S. Becker’s seminal Woytinsky Lecture (1967) provides an important early theoretical treatment of
human capital investment when borrowing opportunities are limited. W. Lee Hansen and Burton A. Weisbrod
(1969) provide an early empirical analysis of educational attainment gaps by family income. Charles F. Manski and
David A. Wise (1983) emphasize borrowing constraints specifically as an explanation for their estimated family
income—schooling gaps. In Section I, we summarize more recent empirical studies on the importance of borrowing
constraints and the links between family resources, cognitive achievement, and postsecondary schooling.
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We next examine whether the standard exogenous borrowing constraint model
can account for these two facts.2 This model can account for the rising importance of
family income given the rising costs of education. We show, however, that it cannot
generate a positive relation between college attendance and ability for constrained
individuals for empirically plausible values of the intertemporal elasticity of substi-
tution of consumption.

This motivates us to develop a new framework for human capital investment in the
presence of imperfect credit markets that incorporates central features of existing
government student loan (GSL) programs and private lending available for higher
education. In particular, our framework captures two key features of reality: (i) GSL
programs explicitly tie credit to investment in education (subject to an upper limit),
and (ii) limited repayment enforcement is a major concern for private student credit.
In modeling private lending, we build on recent work on credit constraints that arise
endogenously when lenders have limited mechanisms for enforcing repayment.> We
show that under standard and realistic enforcement mechanisms, the costs of default
are higher for individuals with greater earnings capacity. As a result, private lenders
are willing to extend more credit to individuals who invest more in their skills and/
or exhibit higher ability.

Our framework is better able to explain the two key facts presented earlier. Because
access to credit in our model is linked to individual ability and to investment in
human capital, the model is more likely to produce a positive (and steeper) relation-
ship between ability and investment for constrained individuals, consistent with fact
1. The model is also consistent with fact 2 in predicting that differences in educa-
tional attainment by family resources should grow in response to rising schooling
costs and returns (given stable GSL limits). Our model can account for two other
major changes in student borrowing: a sharp increase in the fraction of undergradu-
ates borrowing the maximum amount from GSL programs (Lutz K. Berkner 2000
and Marvin A. Titus 2002) and a dramatic rise in student borrowing from private
lenders (College Board 2005).

We extend our framework to a life-cycle economy and calibrate it to the United
States in the early 1980s. At that time, GSL programs provided sufficient credit such
that few students needed to turn to private creditors. College attendance was strongly
increasing in ability and largely independent of family resources. To understand
the observed changes over time in educational attainment by family income and
in student borrowing behavior, we simulate responses to increases in the costs of,
and returns to, college as observed in the United States during the 1980s and 1990s
(holding GSL limits constant, as was the case in real terms). The rising college costs
and returns over time have encouraged more recent cohorts of students to invest and

2 For examples of studies assuming an exogenous borrowing constraint, see S. Rao Aiyagari, Jeremy Greenwood,
and Ananth Seshadri (2002), Philippe Belley and Lochner (2007), Elizabeth M. Caucutt and Krishna B. Kumar
(2003), Juan C. Cordoba and Marla Ripoll (2009), Eric A. Hanushek, Charles K. Y. Leung, and Kuzey Yilmaz
(2003), and Michael P. Keane and Kenneth I. Wolpin (2001).

* The literature on endogenous credit constraints has mostly focused on risk-sharing and asset prices in endow-
ment economies (e.g., Fernando E. Alvarez and Urban J. Jermann 2000; Jests Ferndndez-Villaverde and Dirk
Krueger 2004; Krueger and Fabrizio Perri 2006; Timothy J. Kehoe and David K. Levine 1993; and Narayana
Kocherlakota 1996) or firm dynamics (e.g., Rui A. Albuquerque and Hugo A. Hopenhayn 2004; Monge-Naranjo
2009). Our punishments for default are similar to those in Igor Livshits, James MacGee, and Michele Tertilt (2007)
and Satyajit Chatterjee et al. (2007) in their analyses of bankruptcy.
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borrow more, with many exhausting their government loans and borrowing substan-
tially from private lenders. Although private lenders have responded to increases in
schooling by offering more credit, many students with low family resources are now
constrained and unable to invest as much as they would like. While our simulations
imply a weaker ability-investment relationship than found in recent data, our model
performs noticeably better than the exogenous constraint model.

While the human capital literature has consistently appealed to credit constraints,
little attention has been paid to the nature of those constraints.* An important advan-
tage of explicitly modeling public and private lending is that it enables us to shed
light on a number of different policy issues. Specifically, we use our model to study
the impacts of changes in GSL programs, private loan enforcement, and education
subsidies. Most interesting, we show that expansions of public credit only partially
crowd-out private lending. As a result, increases in GSL limits raise total student
credit and human capital investment among youth constrained by those limits.
Additionally, we show that changes in GSL limits tend to have a relatively greater
impact on investment among the least able, while changes in private loan enforce-
ment tend to affect investment more among the most able. Clearly, not all forms of
credit expansion are the same, highlighting the importance of explicitly modeling
different types of lenders. Finally, we show that endogenous borrowing constraints
make human capital investment more sensitive to government education subsidies.
Any policy that encourages investment is met with an increase in access to credit,
which further encourages the investment of constrained students. This “credit expan-
sion effect,” absent with fixed constraints, can be quite large. In our quantitative
analysis, investment responds by as much as 50 percent more than in the exogenous
constraint model.

A key message of our analysis is that private lending markets play an important
role in how human capital accumulation responds to changes in policies or other
changes in the economic environment. Ignoring private credit responses can lead
to highly misleading conclusions. Our analysis implies that private lenders had an
important incentive to expand credit for undergraduate students in the 1980s and
1990s: the rising returns to college increased the amount of debt students could
credibly commit to repay while rising college costs and returns both increased stu-
dent demand for credit.®

The rest of this paper is organized as follows. Section I reports US evidence on
the relationship between ability, family income, and college attendance. Section II
uses a two-period model to characterize the cross-sectional implications for borrow-
ing and investment under alternative assumptions about credit markets. Section III
extends our framework to a multiperiod life cycle and presents our calibration and
baseline quantitative analysis. Section IV simulates the effects of increased returns
to, and costs of, college and a number of policy experiments. Section V concludes.

4 Exceptions include our earlier analysis of private student lending under limited commitment, Lochner and
Monge-Naranjo (2002); David Andolfatto and Martin Gervais (2006), who focus on optimal intergenerational
transfers in the form of social security and education subsidies under limited commitment; and Felicia Ionescu
(2008, 2009), who studies default in federal student loan programs.

51t is also likely that unrelated innovations in financial markets during the 1990s played a role in shaping higher
education decisions to the extent that these innovations helped students and their families to better smooth con-
sumption over time (e.g., see Michael F. Lovenheim 2010).
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I. Ability, Family Resources, and College Attendance

In this section, we discuss the empirical relationship between family income, cog-
nitive ability, and college attendance in the United States during the early 1980s and
early 2000s. We document two important facts using data from the 1979 and 1997
cohorts of the National Longitudinal Surveys of Youth, NLSY79 and NLSY97,
respectively. First, in both the early 1980s and the early 2000s, there is a strong posi-
tive relationship between college attendance and cognitive ability or achievement
(as measured by scores on the Armed Forces Qualifying Test, AFQT) for youth
from all levels of family income and wealth.® Second, for recent student cohorts,
there is a much stronger relationship between family income (or wealth) and college
attendance. Indeed, in the early 1980s, there was only a weak link between family
income and college-going.

Using data for the 1980s (NLSY79), a number of empirical studies have found
that family income played little role in college attendance decisions. Stephen V.
Cameron and James J. Heckman (1998, 1999) find that after controlling for family
background, AFQT scores, and unobserved heterogeneity, family income had little
effect on college enrollment rates. Pedro Carneiro and Heckman (2002) also esti-
mate small differences in college enrollment rates and other college-going outcomes
by family income after accounting for differences in family background and AFQT.
Cameron and Christopher Taber (2004) and Keane and Wolpin (2001) explore dif-
ferent features of the NLSY79 data and also argue that credit constraints had little
effect on educational outcomes in the early 1980s.

Using data for the late 1990s and early 2000s (NLSY97), Belley and Lochner
(2007) show that family income has become much more strongly correlated with
college attendance for recent cohorts.” Youth from high income families in the
NLSY97 are 16 percentage points more likely to attend college than are youth from
low income families, conditional on AFQT scores, family composition, parental age
and education, race/ethnicity, and urban/rural residence. This is roughly twice the
effect observed in the NLSY79. The NLSY79 does not contain data on wealth;
however, the combined effects of family income and wealth in the NLSY97 are
substantially greater than the effects of income alone. Comparing youth from the
highest family income and wealth quartiles to those from the lowest quartiles yields
an estimated difference in college attendance rates of nearly 30 percentage points
after controlling for ability and family background.

Despite changes in the relationship between family resources and college atten-
dance, the relationship between ability and schooling has remained strong over
time. Figure 1 shows college attendance rates by AFQT quartiles and either family

6 AFQT scores are widely used as measures of cognitive achievement by social scientists and are strongly cor-
related with postschool earnings conditional on educational attainment. See, e.g., John Cawley et al. (2000). The
online Appendix provides additional details on the AFQT.

" David T. Ellwood and Thomas J. Kane (2000) argue that college attendance differences by family income were
already becoming more important by the early 1990s. Using data on youth of college ages in the 1970s, 1980s, and
1990s (from the Health and Retirement Survey), Meta Brown, John K. Scholz, and Seshadri (2007) estimate that
borrowing constraints limit college-going; however, they do not examine whether constraints have become more
limiting in recent years. While Ralph Stinebrickner and Todd Stinebrickner (2008) find little effect of borrowing
constraints (defined by the self-reported desire to borrow more for school) on overall college dropout rates for a
recent cohort of students at Berea College, they find substantial differences in dropout rates between those who are
constrained and those who are not. They do not study the effects of borrowing constraints on attendance.

This content downloaded from 14.139.226.50 on Thu, 12 Mar 2020 04:58:04 UTC
All use subject to https://about.jstor.org/terms



VOL. 101 NO. 6 LOCHNER AND MONGE-NARANJO: CREDIT CONSTRAINTS AND HUMAN CAPITAL 2491

Panel A. Attendance by AFQT and family income (NLSY79)
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FIGURE 1. COLLEGE ATTENDANCE BY AFQT AND FAMILY INCOME OR WEALTH (NLSY79 and NLSY97)

income or family wealth quartiles in the NLSY79 and NLSY97.% For all family
resource levels in both NLSY samples, we observe substantial increases in college
attendance with AFQT. The differences in attendance rates between the highest and

8 See the online Appendix for a detailed description of the data and variables used here.
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lowest ability quartiles range from 47 to 68 percent depending on the family income
or wealth quartile. The figure reveals an equally strong positive ability-college
attendance relationship for youth from low and high income/wealth families. In
the NLSY97 data, the college attendance gap between the highest and lowest abil-
ity quartiles from both the lowest family income and wealth quartiles is 47 percent,
compared to a 37 percent gap for those from both the highest family income and
wealth quartiles.®

Of course, AFQT scores may be correlated with other family background vari-
ables that influence college attendance decisions conditional on family resources.
In Lochner and Monge-Naranjo (2008), we use the NLSY79 and NLSY97 to esti-
mate the effects of AFQT on college attendance by family income or wealth quartile
after controlling for gender, race/ethnicity, mother’s education, intact family dur-
ing adolescence, number of siblings/children under age 18, mother’s age at child’s
birth, urban/metropolitan area of residence during adolescence, and year of birth.
These estimates confirm the general patterns observed in Figure 1: cognitive ability
is strongly positively correlated with college attendance for all family income and
wealth quartiles in both NLSY samples.

II. Modeling Student Credit

In this section, we consider a simple two-period model to characterize analytically
the implications of different forms of credit constraints for the behavior of human
capital investment. We first show that the standard model of exogenous borrowing
constraints cannot generate a positive relation between college attendance and abil-
ity for constrained individuals for empirically relevant preference parameters. We
then show that a model that incorporates key features of public and private lending
is better able to account for the data.

A. Preferences and Human Capital Production Technology

Consider two-period-lived individuals who invest in schooling in the first period
and work in the second. Their preferences are

(1) U = u(cy) + Pulcy),

where ¢, is consumption in periods ¢ € {0, 1}, 8 > 0is a discount factor, and u( - ) is the
period utility function. For expositional purposes, we assume u(-) = ¢!~7/(1 — o),
so the consumption intertemporal elasticity of substitution (IES) is constant and
equal to 1/0.'°

® We observe similar patterns in the NLSY97 for age 20 enrollment in four-year colleges/universities condi-
tional on attendance at any postsecondary institution. Among youth from the lowest wealth quartile, the enrollment
rate in four-year schools (conditional on postsecondary enrollment) is 34 percent higher for the most able relative
to the least able. Among the highest wealth quartile, the difference is 32 percent. For the lowest family income
quartile, the same high-low ability gap is 41 percent, while it is 52 percent for the highest income quartile.

19 Our theoretical results hold much more generally. Indeed, the proofs in the online Appendix are for general
preferences, allowing the IES to vary with the level of consumption.
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Each individual is endowed with financial assets w > 0 and ability a > O.
Financial assets capture all familial transfers while ability reflects innate factors,
early parental investments, and other characteristics that shape the returns to invest-
ing in schooling. We take (w,a) as fixed and exogenous to focus on schooling
decisions that individuals make largely on their own; however, our central results
generalize naturally to an intergenerational environment in which parents endog-
enously make transfers to their children.

Labor earnings at t = 1 are equal to af(h), where & is schooling investment and
f(+) is a positive, strictly increasing, strictly concave, twice continuously differen-
tiable function that satisfies lim,. o f'(h) = +o00 and lim, -, f'(h) = 0. Note that
both a and A increase earnings and are complementary with each other.'2

Human capital investment, A, is in units of the consumption good.'* Individuals
can borrow d of these units (or save, in which case d < 0) at a gross interest rate
R > 1. Given w, a, h, and d, consumption in each of the periods is

(2) co =w-+d— h,

(3) ¢, = af(h) — Rd.

B. Unrestricted Allocations

Young individuals maximize utility (1) subject to (2) and (3). In the absence of
financial frictions, optimal human capital investment 42Y(a) and borrowing d"(a, w)
are characterized by

@ af'[ia)] = R
and
(5) w'(w + d%a,w) — h%a)) = BRu'(af[h’(a)] — RdY(a,w)).

Unconstrained investment ©(a) equates the marginal return on human capital with
the return on financial assets, is strictly increasing in ability a, and independent of
initial wealth w. On the other hand, unconstrained borrowing d"(a,w) is strictly
decreasing in wealth and increasing in ability. Ability increases desired borrowing

''In the online Appendix, we derive equivalent analytical results in three common models of parental transfers:
(i) an “altruistic” model (i.e., parents directly value the utility of their children); (ii) “warm glow” preferences (i.e.,
parents directly value the resources transferred to their children); and (iii) a “paternalistic” model (i.e., parents
directly value the human capital investment of their children). In the last model, we need to impose a few additional
mild conditions.

12 We implicitly assume a constant elasticity of substitution between ability and investment equal to one. This
specification is consistent with most empirical studies, which generally incorporate ability in the intercept of log
wage/earnings regressions and with standard theoretical models of human capital (e.g., the widely used Yoram
Ben-Porath (1967) model). In the online Appendix, we extend a few key results below to the more general case of
a constant elasticity of substitution (CES) production function in both ability and human capital.

13 Our model is isomorphic to one in which foregone earnings for any given investment amount, 4, are indepen-
dent of ability. In the online Appendix, we extend our model to allow the cost of investment to depend generally
on ability. We show that our main conclusions here hold under fairly general and empirically relevant assumptions.
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for two different reasons: (i) more able individuals wish to finance a larger invest-
ment, and (ii) for any given level of investment, more able individuals earn higher
net lifetime income and wish to consume more in the first period. Because of (ii),
unrestricted borrowing increases more steeply in ability than does unrestricted
human capital investment. The following lemma formalizes this result and is used
below to determine who is credit constrained.

LEMMA 1: hY(a) is strictly increasing in a, and dY(a,w) is strictly increas-
ing in a and strictly decreasing in w. Moreover, 0d%(a,w)/da > dh"(a)/da and
ddY(a,w)/0w > —1.

See the online Appendix for all proofs and other analytical details related to this
section.

C. Exogenous Borrowing Constraints

Credit constraints are typically introduced in models of human capital by impos-
ing a fixed and exogenous upper bound on the amount of debt."* Following this
approach, assume that borrowing is restricted by the exogenous constraint

(EXC) d < d*,

where 0 < d* < oo is fixed and uniform across agents. We use the superscript X for
all variables in this model.

For each ability a, a threshold level of assets w, (a) defines who is constrained
(w < w¥..(a)) and who is unconstrained (w > wX (a)). Constrained persons have
high ability relative to their wealth since wX;,(a) is increasing in ability (see the
online Appendix). Individuals constrained by (EXC) have exhausted their possibili-
ties to bring future resources to the early (investment) period. Their human capital
investment #*(a, w) must strike a balance between increasing lifetime earnings and
smoothing consumption and is uniquely determined by

ww + @ = Waw) = B(afl¥aw) — RZ)af ¥ w),

equality between the marginal cost of investing (reducing current consumption) and
its marginal benefit (net return in terms of future consumption).

The next proposition highlights four empirically relevant implications of this
model. Most importantly, the implied relationship between constrained investment
and ability in part (iv) depends on the value of the IES.

' See, for example, Aiyagari, Greenwood, and Seshadri (2002), Belley and Lochner (2007), Caucutt and Kumar
(2003), Cordoba and Ripoll (2009), Hanushek, Leung, and Yilmaz (2003), and Keane and Wolpin (2001). Instead,
Becker (1975) assumes that individuals face an increasing interest rate schedule as a function of their investment.
Becker’s formulation yields similar predictions to those discussed here.
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PROPOSITION 1:Assumew < wX..(a),so(EXC) binds. Then: (i) h*(a,w) < h%(a);
(ii) h¥(a,w) is strictly increasing in w; (iii) af'[h*(a,w)] > R and af'[h*(a,w)] is
strictly decreasing in w; and (iv) if the IES < 1, then h*(a,w) is strictly decreasing
in ability, a.

Results (i)—(iii) are well known (Becker 1975) and central to the empirical lit-
erature on credit constraints. For instance, Cameron and Heckman (1998, 1999),
Ellwood and Kane (2000), Carneiro and Heckman (2002), and Belley and Lochner
(2007) empirically examine if youth from lower income families acquire less
schooling conditional on family background and ability (results (i) and (ii)). Kevin
Lang (1993), David E. Card (1995), and Cameron and Taber (2004) explore the
prediction that the marginal return on human capital investment exceeds the return
on financial assets (result (iii)).

The most interesting result is part (iv). The relationship between ability and
investment for constrained individuals is determined by the balance of two oppos-
ing forces. On the one hand, there is an intertemporal substitution effect: more able
individuals earn a higher return on human capital investment, so they would like
to invest more. On the other hand, there is a wealth effect: more able individuals
have higher lifetime earnings, which increases their desired consumption at all ages.
Since constrained borrowers can increase consumption only during the initial period
by investing less, the wealth effect discourages investment. With strong preferences
for intertemporal consumption smoothing (i.e., IES < 1), the wealth effect domi-
nates and a negative ability-investment relationship arises.

The prediction of a negative relationship between ability and investment (among
constrained youth) for an IES < 1 is a serious shortcoming of the model.'* Most
estimates of the IES are less than one (see Martin Browning, Lars P. Hansen,
Heckman 1999) and, as discussed earlier, schooling is strongly increasing in ability,
even for youth from low-income families.

As shown below, the same economic logic implies that an increase in the return on
human capital should lead to aggregate reductions in investment among those who
are constrained.

D. Government Student Loan Programs

In this subsection, we consider GSL programs as the only source of credit. We
then introduce private lending in the following subsection.

Federal GSL programs are an important source of finance for higher education
in the United States, accounting for 71 percent of the federal student aid disbursed
in 2003-2004. GSL programs generally have three important features. First, lend-
ing is directly tied to investment. Students (or parents) can borrow only up to the
total cost of college (including tuition, room, board, books, computers, and other
expenses directly related to schooling) less any other financial aid they receive in
the form of grants or scholarships. Thus, GSL programs do not finance nonschool-
ing consumption expenses. Second, GSL programs set upper loan limits on the total

'S An IES < 1 is only a sufficient condition. We show in the online Appendix that the result is even stronger if
investment is in terms of foregone earnings that increase with ability.
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amount of credit available for each student. Third, loans covered by GSL programs
typically have extended enforcement rules compared to unsecured private loans. See
the online Appendix for further details.

To capture these key features of GSL programs, we assume that individuals face
two constraints on government loans. First, lending is tied to investment and cannot
be used to finance nonschooling related consumption goods or activities:

(TIC) d < h

This condition is equivalent to ¢, < w. Second, borrowing is constrained by a fixed
upper limit 0 < d° < oo, so

(6) d < d¢.

Combining these two constraints yields actual credit limits imposed by GSL
programs:

(GSLC) d < min{h,d°}.

As in the exogenous constraint model, we continue to assume that repayment is
fully enforced. This captures the government’s superior enforcement mechanisms
relative to private lenders, which we introduce below.

To isolate the role of (TIC), first assume that it is the only constraint.'s In this case,
individuals are unconstrained as long as desired borrowing does not exceed desired
investment. Because unconstrained investment is increasing in ability, the (TIC)
constraint is less stringent than the (EXC) constraint for higher ability individuals
but more stringent for those with low ability. When borrowing is restricted only by
(TIC), youth can borrow to finance any level of investment, but they cannot bor-
row to raise their consumption. Therefore, constrained youth (i.e., high ability /low
wealth individuals with dY(a,w) > hY(a)) consume their initial wealth and choose
h to maximize {u(w) + Bulaf(h) — Rh]i, which is equivalent to maximizing dis-
counted net lifetime earnings. Therefore, optimal investment equals ~Y(a).

By itself, (TIC) does not lead to a conflict between smoothing consumption and
maximizing net lifetime resources. Although everyone invests the optimal uncon-
strained amount, there are still potentially large distortions to the intertemporal allo-
cation of consumption. It follows that evidence suggesting that family resources (or
credit constraints) do not affect schooling (e.g., Cameron and Heckman 1998, 2001;
Carneiro and Heckman 2002; Belley and Lochner 2007) does not necessarily imply
that credit constraints are not relevant along other important dimensions.

Now, consider the full GSL constraint (GSLC), denoting allocations in this
model by the superscript G. To facilitate the exposition, we assume (throughout

!¢ This would be the case if upper borrowing limits were nonexistent or set very high (e.g., PLUS program for
students’ parents). See the online Appendix for US borrowing limits.
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this section) that d° = d*. Unconstrained individuals (w > w&; (a)) possess
high assets relative to their ability.'” The remaining population of constrained indi-
viduals falls into three categories: First, a low ability group is comprised of indi-
viduals constrained only by (TIC) and not by the maximum d°. They invest the
unrestricted level hY(a) but would like to borrow to increase consumption while
in school. Second, a more able group consists of individuals who borrow up to the
maximum d° and invest beyond that using some of their own available resources.
For them, investment coincides with #*(a,w). A third group might emerge if
h*(a,w) is decreasing in a (e.g., IES < 1.) This third group would be composed of
very high ability youth who are constrained by both (6) and (TIC). We formalize
this discussion as follows:

PROPOSITION 2: Assume that u(-) has IES < 1.Letd® = d* > 0; leta > 0 be
defined by h¥(@) = d°; and let W : [@,00) — R, be defined by h*[a,w(a)] = d°,
the ( possibly infinite) wealth level that leads an exogenously constrained individual
with ability a to invest d°. Then,

hY(a) a < aorw > wk. (a)
hS(a,w) = { ha,w) a>aandw < w(a)
d° otherwise.

Panels A and B of Figure 2 illustrate the behavior of h%(a, w), h*(a,w), and h"(a)
fortheempirically relevantcase of IES < 1.Thesefiguresalsodisplay unconstrained
borrowing as a function of ability for different levels of wealth. Panel A displays
investment and borrowing behavior for two low levels of wealth, w and w; < w,
while panel B illustrates investment behavior for a higher level of wealthwy > w.'®

Because of the “tied-to-investment” constraint, the implied investment-ability
and investment-wealth relationships in the GSL model are more closely aligned
with the empirical evidence than the simple exogenous constraint model. First,
investment is equal to the unconstrained level £Y(a) and increasing in ability for a
larger range of lower ability and low/middle wealth individuals (e.g., individuals
with wealth w;, and ability a € (a,,a| in Figure 2, panel A. Second, among high
ability individuals (i.e., @ > @), investment never falls below dC ; this shrinks
the range of abilities for which investment is negatively related to ability (e.g.,
individuals with ability a > a, in Figure 2, panel B). Third, among high ability
types, investment is weakly increasing in initial assets (e.g., individuals with abil-
ity a € (as,a,) in Figure 2, panel B).

17 In the online Appendix we show that the threshold w&;, (a) is increasing in ability. We also show that when d ¢
= d*, w&,(a) > w¥,.(a) and more persons are constrained by the GSL, because it imposes an additional
constraint.

'8 Note that w = wS, (@) reflects the level of wealth below which agents of ability @ are constrained, where a is

the ability level at which unconstrained investment equals the upper limit on borrowing (ie., h¥(a) = d°).
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Panel A. Low wealth individuals
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FIGURE 2. BEHAVIOR OF dY, hY, h*, AND h°® FOR Low AND HIGH WEALTH INDIVIDUALS

E. GSL Programs and Private Lenders

The importance of private credit markets for students in the United States has
increased dramatically since the early 1990s. As real tuition costs have risen (with no
corresponding increase in real GSL limits), the fraction of undergraduate borrowers
“maxing out” federal Stafford student loans nearly tripled over the 1990s to 52 per-
cent (Berkner 2000; Titus 2002). Students have increasingly turned to private lend-
ing markets to finance their schooling: private student loan amounts skyrocketed
from $1.3 billion in 1995-1996 to almost $14 billion in 2004-2005 (nearly 20 per-
cent of all student loan dollars distributed). Credit card debt among students also
rose considerably over this period (College Board 2005).
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Private student loans differ from GSL programs in two important respects. First,
unlike GSL programs, private lenders link credit to projected postschool earnings in
addition to educational expenditures. Second, private loan repayment entails weaker
enforcement under US bankruptcy code than does GSL repayment. "

In modeling the coexistence of GSL programs and private lending, we continue to
assume full enforcement of repayment in GSL programs. We assume, however, that
competitive private lenders face limited repayment incentives from students due to
the inalienability of human capital and lack of other forms of collateral.

A rational borrower repays private loans if and only if repaying is less costly than
defaulting. These limited incentives can be foreseen by rational lenders who, in
response, limit their supply of credit to amounts that will be repaid.?® Since penal-
ties for default are likely to impose a larger monetary cost for borrowers with higher
earnings and assets—only so much can be taken from someone with little to take—
credit offered to an individual is directly related to his perceived future earnings.
Because expected earnings are determined by ability and investment, private credit
limits and investments are codetermined in equilibrium.

In the life-cycle model of Section III, credit limits arise from temporary exclu-
sion from credit markets and wage garnishments. Here, we derive a similar form of
constraint by simply assuming that defaulting borrowers lose a fraction 0 < £ < 1
of labor earnings.?’ In this case, optimal repayment behavior is quite simple: bor-
rowers repay (principal plus interest on private debt d,) if and only if the payment
Rd,, is less than the punishment cost Zaf(h). As a result, credit from private lenders
is limited to a fraction of postschool earnings:

(7) d, < kaf(h),

where k = R™'%. Private credit is directly increasing in both ability and investment.
Moreover, ability may indirectly affect credit through its influence on investment.

Students can borrow d, from the GSL (subject to (GSLC)) and d, from private
lenders (subject to (7)). Because GSL repayments are fully enforced and do not
affect incentives to repay private loans, total borrowing is constrained by

(8) d, + d, < min{h,d°} + kaf(h).

We use the superscript G + L to highlight that both sources of credit are present.
Note that our GSL-only model above is a special case with no private loan enforce-
ment (i.e., K = 0). One could similarly define a private lender-only economy set-
ting d° = 0. For future reference, we use the superscript L to refer to this special case.

The coexistence of both sources of credit reduces the incidence of constrained indi-
viduals relative to economies with only one of these credit sources. The threshold
wGH(a) of assets below which individuals are constrained is decreasing in 4 and

19 See the online Appendix for details on the structure and enforcement of private loans.

20 Reint Gropp, Scholz, and Michelle J. White (1997) empirically support this form of response by private
lenders.

2! This is consistent with wage garnishments and penalty avoidance actions like relocating, working in the
informal economy, borrowing from loan sharks, or renting instead of buying a home, which are all costly to those
who default.
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because increases in either of these parameters represent an expansion of total credit.
Expanding either public or private credit would reduce the population of constrained
individuals and change the investment behavior of those who remain constrained.

LEMMA 2: Assume that d° >0 and k > 0. The following results hold:
(i) witl(a) < min{wS,(a),whi(a)}. (i) Let h°*a,w;d® k) be the optimal
investment for a person with ability a and wealth w. Then, for constrained indi-
viduals with abilities a > @, the inequalities Oh°™*(a,w;d® k)/dd° > 0 and
8hG+L(a,w;EG, n)/aff > 0 hold.

The two sources of credit have differential impacts on investment depending on
ability. Among highly able youth constrained by the upper GSL limit and private
constraints, increasing the GSL limit may increase investment more than one-for-
one, since private credit expands with investment. The associated rise in private
credit also yields an increase in consumption while in school. An increase in pri-
vate credit (i.e., a higher x) would also raise in-school consumption and investment.
Notice that result (ii) in this lemma applies only to higher ability persons witha > @
(i.e., persons with hY(a) > d©). Less able individuals are constrained by (TIC) and
not by d, so an expansion of the GSL limit has no effect on their behavior. Moreover,
as we discuss below, an increase in x might actually reduce their investments.

Unlike models with exogenous or government constraints alone, it is possible that
for the same level of familial resources w, a more able person is unconstrained while
another with lower ability is constrained. That is, for large enough «, the threshold
wStl(a) may be decreasing in a, since punishment for default may be substantially
more costly for the more able/higher earnings person. For the same reason, it is pos-
sible that individuals at the top of the ability distribution are always unconstrained
(i.e., wétt(a) < O for high a). These features are driven entirely by the presence of
private lenders in the market.

There are other interesting interactions between GSL credit and private lending,
depending on which of the GSL constraints binds, (6) or (TIC). Among the more
able individuals for whom the upper GSL limit 4° binds, there is underinvestment,
and investment is increasing in wealth (as in the previous models). For individuals
in this group, the ability-investment relationship depends on the IES as well as the
relative importance of the GSL and private lending. We show that if private lending
is a relatively important source of funds, constrained investment is increasing in
ability for empirically relevant values of the IES less than one.

Among lower ability individuals, for whom (6) is slack but (TIC) binds, invest-
ment behavior can be quite different. In the absence of private lenders, these individ-
uals borrow and invest hY(a) as discussed earlier. With private lenders, constrained
individuals actually overinvest in human capital (i.e., & > h%(a) and af'(h) < R)
if (TIC) is the binding GSL constraint, since on the margin, total credit is increas-
ing more than one-for-one with investment. This is because (i) additional marginal
investments can be financed fully by the GSL, and (ii) additional investments raise
earnings, which expands access to private credit and allows for greater consump-
tion while in school. Overinvesting is socially inefficient and produces a negative
relationship between investment and wealth for these individuals. Furthermore, their
investment may decline with more access to private credit (i.e., an increase in ). In
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any event, we show that a positive relationship between ability and investment arises
in this situation.

The following proposition summarizes the relationship between investment, abil-
ity, and wealth when GSL programs and private lending coexist. To this end, define
o(a) = Rd®/af(d°) (= 0if d° = 0), the fraction of postschool earnings someone
of ability a can borrow from the GSL if they invest h = d°.2

PROPOSITION 3: Assume d° > 0 and k > 0, and consider individuals with
w < wiitl(a), so constraint (8) binds. Then, the following results hold: 1. If
a > a, then: (i) h"(a,w) < h%a), (ii) h% ™ (a,w) is strictly increasing in w,
(iii) K%Y a,w) is strictly increasing in a if either (A) the IES > (1 — kR)/
(1 — o(a)) or (B) BR < 1 and the IES > [1/(1 — o(a))] x [(1 — k(R + 1))/
(1 4+ k(87" = R)]. 2. If a < @, then: (i) h°(a,w) > h%a), (ii) K a,w) is
strictly decreasing in w, and (iii) h(a,w) is strictly increasing in a.

The size of the GSL program has complicated effects on the ability-investment
relationship when private lending is also available. On one hand, a larger GSL
limit d€ reduces the mass of individuals for whom this constraint is binding (i.e.,
it increases a). This ensures a positive ability-investment relationship for a broader
range of ability levels. On the other hand, an increase in d° raises o(a), which
reduces the range of IES values that ensure a positive ability-investment relationship
for high ability individuals who remain constrained by the upper GSL limit.?*

Increasing private lending (i.e., k) weakens the conditions in part 1 for a positive
ability-investment relationship, allowing for a broader range of IES values. Upon
inspection of condition (A), if someone investing # = d° can borrow more from
private lenders than from the GSL program (i.e., d° < xaf('d®)), then there is a
positive ability-investment relationship for a range of IES less than one. In general,
the bound in (B) is lower, so as long as individuals do not want increasing consump-
tion profiles, a positive ability-investment relationship holds for still lower values of
the IES.

F. Changes in the Returns to and/or Costs of Schooling

We close this section by examining the implied investment responses to increases
in the returns to and costs of schooling as observed in the United States over the
past several decades. To this end, assume that postschool earnings are now given
by paf(h), where p > 0 reflects the price of human capital. Furthermore, suppose
that investing & now costs 7h units of the consumption good, where 7 > 0 reflects
factors affecting the cost of investment.?* Our analysis thus far implicitly normalizes
p = 7= 1, but as shown in the online Appendix (as part of the proof for Corollary
1 below), our specification is isomorphic to this extension as long as p and 7 remain

2 When a > @, o(a) is less than the elasticity of earnings with respect to human capital investment evaluated at
h=4d%ie., o(a) = (@/a)f'(d°)d/f(d°) < f(d°)d°/f(d°).

231f only private lending prevails (i.e., d° = 0), then g(a) = 0 and only part 1 of Proposition 3 is relevant since
a = 0. In this case, both conditions for a positive ability-investment relationship admit a (potentially large) range
of IES below one.

24 We also assume that the GSL’s (TIC) constraint is modified to d, < 7h.

This content downloaded from 14.139.226.50 on Thu, 12 Mar 2020 04:58:04 UTC
All use subject to https://about.jstor.org/terms



2502 THE AMERICAN ECONOMIC REVIEW OCTOBER 2011

fixed. Our interest here is on the impact of changes in p and/or 7 on the set of con-
strained individuals and the behavior of constrained investments in the different
models.

Increasing p in this extended framework is equivalent to increasing ability a for
everyone in our normalized model, so all of the qualitative properties for ability
described thus far carry over to the price of skill p. Changes in investment costs, 7,
are slightly more complicated. Unconstrained investments 4Y, which now satisfy 7
= paf'(hV) /R, are decreasing in 7. While an increase in 7 lowers desired investment
levels, it also increases the desire for borrowing conditional on any level of investment
and may raise total unconstrained investment expenditures 7h". Thus, changes in 7
have ambiguous effects on unconstrained borrowing d. It is interesting to consider
what happens if both skill prices and schooling costs increase simultaneously. If both
p and 7 increase in the same proportion, unconstrained investment 4Y is unaffected;
however, the resulting increases in total investment expenditures and in postschool
earnings unambiguously raise desired student debt levels dV. Of course, #V and dY
increase when both p and 7 increase if p/7 increases. This reflects changes in the
United States during the 1980s and 1990s when the costs of, and net returns to, educa-
tion increased substantially (e.g., see Heckman, Lochner, and Petra E. Todd 2008).s

By raising desired debt dY, increases in p and 7 (such that p/T remains constant
or increases) imply higher wealth thresholds w¥, and w¢,, and more constrained
individuals in the exogenous constraint and GSL-only models. In our baseline
model with GSL and private lending, the expansion of private credit in response to
increased future earnings dampens any increase in w5;;" and leads to fewer newly
constrained youth. Indeed, if « is large enough, the expansion of credit could even
lead to a reduction in the set of constrained individuals.

We now turn to the response of constrained investments in the different models.
To this end, the following corollary relies heavily on Propositions 1-3.

COROLLARY 1: For 7 fixed, the sign of dh/dp equals the sign of dh/da in all mod-
els. Moreover, if f(-) is Cobb-Douglas, then an increase in both p and T (such that
p/ 7 does not fall) has the same effects on total investment costs (Th) in all models
as an increase in a.

Corollary 1 shows another important advantage of our model. The observed ris-
ing skill prices, schooling costs, and net returns to human capital investment since
the early 1980s should have had the same qualitative effects on educational expen-
ditures as an increase in ability. Therefore, under empirically relevant IES values,
the exogenous constraint model predicts that human capital investment should have
declined for constrained youth. The GSL-only model predicts the same response
among constrained higher ability individuals. By incorporating an endogenous
response of private credit, our baseline model produces a substantially more appeal-
ing prediction. In the following section, we investigate the empirical relevance of
these and earlier analytical results.

**In the following section, we consider simultaneous increases in both the costs of schooling and the elasticity
of postschool earnings with respect to investment. As discussed below, this is quite similar to the case here with an
increase in 7 and p.
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II1. Quantitative Analysis

We now explore the quantitative implications of our model with public and private
lending for schooling. To facilitate calibration and develop new insights on the inter-
action of GSL programs and private lending, we consider a multiperiod life-cycle
setting that incorporates government subsidies for education and additional punish-
ments for private loan default. With a few convenient assumptions, the human capi-
tal investment decision in this model simplifies to a two-stage allocation problem
nearly identical to that of the previous section. We calibrate this model to college
costs, labor earnings, and other features of the US economy and examine whether
the model can quantitatively reproduce the main empirical patterns reported earlier.
We also consider the effects of potential policy changes on human capital invest-
ment behavior.

A. A Life-Cycle Model

We consider individuals whose postsecondary education life is represented by the
time interval [S,T). Letting P € (S, T) indicate the age of (full-time) labor market
entry, we focus on the “schooling” stage [S, P), in which education decisions are
made. These decisions affect earnings and consumption over the “work” stage [P, R)
and consumption during “retirement” [R, T].

After college, individuals work full time. Earnings y() for all ¢ € [P,R) depend
positively on the individual’s ability a, his human capital acquired through school &,
and his accumulated experience E(t — P) since labor market entry:

9) y(t) = ah“E(t — P),

with 0 < o < 1. Let the market interest rate be r > 0, and define &
=/ lf e ""PE(t — P)dt. Then, the present value lifetime labor income (as of date
t = P) is ®ah®, which is increasing in both ability a and schooling human capital h.
As in the previous section, a and s are complementary factors.

We assume individuals are endowed with an initial stock of human capital by, > 0,
which they can augment through schooling investments.> Investing a flow x(¢) > 0
during “youth” [S,P) yields a total private investment of b, = [, e~ Sx(t)dt.
To incorporate government education subsidies, we assume that the government
matches every unit of privately financed investment at the rate s > 0. Total human
capital » accumulated at the end of school is, therefore,

(10) ho=hy+ (1 + s)h.

Here, as well as in our quantitative exercises, h, h;, and h, are denoted in present
value units as of the beginning of “youth” (t = §).

26 Our results extend to the case where hy and/or E(t — P) are increasing in a. We have estimated the model
allowing hg to depend on ability a. These estimates suggest that h, is about 25 percent higher for the top AFQT quar-
tile relative to the bottom quartile; other parameter estimates are very similar to our baseline values. Most important,
simulation results for the more general model are quite similar to those presented below.
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For any t, € [S,T], a consumption flow c() generates utility

(11) Ulty) = f ey [c(f)]dr,

where p > 0 is a subjective discount rate and u(c) = ¢'7/(1 — o) with o > 0.
Given initial wealth w > 0, optimal investment and borrowing decisions maximize
the value of (11) for ¢, = S, subject to the lifetime budget constraint?’

T
(12) fs e Se(tdt + by < w + e dahe,

We consider restrictions on borrowing next.
B. Human Capital Decisions under Public and Private Lending

We focus on constraints that limit the amount of debt that can be accumulated
during the “schooling” period. Our benchmark quantitative model allows youth to
borrow from GSL programs, d,, and from private lenders, d,, such that total bor-
rowing at the end of school is given by d = d, + d,,.

Credit from the GSL is tied to schooling-related expenses, subject to a maximum
cumulative amount:

(13) d, < min{e’*9n,d},

for some 0 < d° < co.® Here, government credit is linked to personal out-of-
pocket investment expenditures A, rather than total human capital 5. We continue
assuming that the repayment of d, is fully enforced regardless of whether individu-
als default on private loans.

Private lenders restrict student credit due to their limited ability to punish default.
We assume that lenders employ two punishments commonly assumed in the litera-
ture on consumer bankruptcy (e.g., Livshits, MacGee, and Tertilt 2007; Chatterjee,
et al. 2007). First, defaulting borrowers are reported to credit bureaus, disrupting
(at least temporarily) their access to formal credit markets. The resulting inability
to smooth consumption can be quite costly when the IES is low and the earnings
profile is steep in experience. Second, defaulting borrowers must forfeit a fraction
7 € [0,1) of their labor earnings. The fraction v encompasses direct garnishments
from lenders and/or the costs of actions taken by borrowers to avoid direct penal-
ties (e.g., working in the informal sector, renting instead of owning a house). Both
penalties are assumed to last for a period of length m € [0,R — P) that begins the
moment default takes place.

%7 Assuming goods (e.g., tuition, books) and time investments (i.e., foregone earnings) are perfect substitutes
in the production of schooling human capital, the value of w includes family transfers plus the discounted present
value of earnings an individual could receive if he worked (rather than attended school) full time during “youth.”
We make this assumption in our calibration below, where we discuss it in further detail.

28 Note that d, is denominated in time ¢ = P units, while #; is in time ¢t = S units, which explains why A, is

multiplied by i equation (13).
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We make three additional assumptions that greatly simplify the analysis.
Specifically: (i) individuals can default on private loans only at the time of labor
market entry; (ii) individuals who choose to repay their private student loans have
access to perfect financial markets upon entry into the labor market; and (iii) indi-
viduals who default on private loans can access frictionless and fully enforceable
credit markets after the punishment period. In short, we abstract from issues related
to the optimal timing of default and the enforcement of postschool loans.?

Given these additional assumptions, the analysis of human capital decisions in our
life-cycle model can be mapped into the two-period model of the previous section.
Within each of the subintervals [S, P) and [P, T'], consumption can be allocated opti-
mally and grows at the rate (r — p)/o. If credit constraints bind, consumption will
exhibit a discrete jump at the end of schooling (¢ = P). Discounted lifetime utility
can be written compactly (up to a multiplicative constant) as

(14) ulw + e — h) + Bu(®ah® — d),

where the constant [3 > 0 reflects the role of both time discounting and the relative
length of the schooling versus postschooling period.” See the Appendix for details.

Borrowers repay private debt d, only if the cost of repaying is less than the cost of
being punished (or the cost of taking actions to avoid punishment). This implies a
maximum private credit limit as a function of a, h, and d,. The timing of GSL repay-
ment also affects the cost of defaulting on private loans, since it affects the amount
of resources available for consumption during the punishment period. For analytical
tractability, we assume that during the punishment period, individuals must repay a
constant fraction § > 0 of their earnings to service their GSL debt. Further restrict-
ing this minimum GSL repayment rate yields a simple and intuitive representation
of the private credit constraint (see the Appendix).

LEMMA 3: If the minimum GSL repayment rate ¢ is set such that individuals repay
a constant fraction of their income (net of garnishments in the case of default) over
their entire working lives, then private credit d, available during schooling is con-
strained by

(15) d, < k®ah® + kKd,,
where 0 < k; < land kK, > —1.

We adopt the private lending constraints defined by equation (15) as our base-
line.?' The values of k, and x, depend on preferences (o,p), the interest rate r, and
enforcement parameters (-, 7). The punishment of exclusion from financial markets
introduces an important interaction between public and private lending through &,

2% For many parameter values, (iii) is not an assumption but an equilibrium outcome (e.g., see Lochner and
Monge-Naranjo 2002). See Monge-Naranjo (2009) for a continuous time model in which default can take place in
any period and the optimal contract must satisfy a continuum of participation constraints.

30 Recall that wealth w, human capital k, and private investment A, are all denoted in time ¢ = S units, while
borrowing d is denoted in time ¢ = P units.

31 See the Appendix for the formulas for 8, k,, and «, and for private lending constraints in the more general case.

This content downloaded from 14.139.226.50 on Thu, 12 Mar 2020 04:58:04 UTC
All use subject to https://about.jstor.org/terms



2506 THE AMERICAN ECONOMIC REVIEW OCTOBER 2011

that does not exist in the two-period model. A few key properties of the private lend-
ing constraint warrant discussion. First, even if wage garnishments are not allowed
(v = 0), private lending can be sustained (x, > 0) by the threat of exclusion
from credit markets; only when = = 0 does private credit dry up entirely (i.e., k,
= Kk, = 0). Second, the amount of sustainable borrowing (as determined by «, and
K,) is generally higher with: (i) tougher punishments (higher values of «y and ); (ii)
more patient individuals (lower p); (iii) a stronger desire to smooth consumption
(lower IES, higher 0); and (iv) higher growth in earnings with experience. Third, &,
and , do not depend on government subsidies s or the initial human capital level
hy—these affect private constraints only through total human capital # and GSL
borrowing d,. Fourth, we find that k, > —1, so private credit does not decrease
one-for-one with expansions of GSL credit. However, x, < 0 does imply partial
“crowding out.”

Optimal schooling investment decisions maximize discounted lifetime utility
(14) subject to credit constraints (13) and (15). It is straightforward to show that
unconstrained private investment, 4} (a), maximizes discounted lifetime income
net of private investment. Given h, > 0, there exists an ability level g, (defined in
the Appendix), below which unconstrained individuals do not wish to invest. For
a > ay, unconstrained investment is strictly increasing in ability and independent of
wealth as in the two-period model.

Youth with initial wealth less than the ability-specific threshold w&i (a) will be
constrained. To characterize their investment behavior, it is useful to redefine the
following analogues from Section II: let @ reflect the ability level for which uncon-
strained private investment equals d°, and let o(a) equal the fraction of lifetime
earnings that can possibly be borrowed from the GSL. Also, let 6 reflect the fraction
of discounted lifetime resources an unconstrained individual chooses to consume
over the schooling period.??> With these, we derive a version of Proposition 3 for our
quantitative model:

PROPOSITION 4: Consider individuals with ability a > a, (i.e., h{(a) > 0)
and whose wealth w < wStk(a), so both constraints (13) and (15) bind. Then,
the following holds: 1. If a > @, then: (i) h°* (a,w) < hY(a), (ii) K% (a,w) is
strictly increasing in w, (iii) h° “(a,w) is strictly increasing in a if either condition
(A) k1 > 0 or (B) o < [1 — o(a)(1 + ky)/(1 — k)][l — &,/6]" hold. 2. If a <
a, then: (i) h°*t(a,w) > h(a), (ii) K (a,w) is strictly decreasing in w, and (iii)
h%*L(a,w) is strictly increasing in a.

This proposition provides sufficient conditions in terms of parameters that can be
calibrated. As with the two-period model, the nature of private lending constraints,
especially the link between private credit and future earnings (k,), plays a criti-
cal role in determining the relationship between ability and constrained investment.
This proposition incorporates important economic forces, however, that are absent
from the two-period model due to the life-cycle nature of the underlying problem
and the resulting nature of x; and x,. First, partial crowd-out of private lending by

32 See the Appendix for the formulas of wS(a), @, g(a), and 6.
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TABLE 1—BASELINE MODEL PARAMETERS

Calibrated parameters GMM estimates
Parameter Value To match: Parameter Value Coefficient on:
S 19 g 0.03 Experience
P 26 US demographics
R 65 e 0.70 Schooling investment
T 80 hy, 160,312 Min. human capital
™ 10 US legal environment
p=r 0.05 See text AFQT quartiles:
o 2 IES =0.5 a 1.51 1
dc 35,000  GSL loan limits a, 1.55 2
~y 0.2 Garnishments and other costs as 1.60 3
s 0.80 Subsidy school grades 10+ a, 1.72 4

the GSL program (embodied in k, < 0) weakens the link between investment and
total credit, which makes it less likely that constrained investment is increasing in
ability. Second, , is increasing in o, because the cost of disrupting consumption
smoothing is increasing in the curvature of the utility function. This implies that
both sufficient conditions ensuring that investment is increasing in ability may be
more likely to hold for higher values of o (i.e., lower values of the IES).> Third, the
effect of d° on the relationship between ability and investment is complicated. On
one hand, a higher d¢ increases @, which signals that more individuals can directly
finance hY(a) with GSL programs alone. On the other hand, a higher d° increases
the fraction of lifetime earnings that can be borrowed from the GSL, g(a), which
crowds-out some private lending and makes it more difficult for the sufficient condi-
tion 1(iii)(B) to hold.

As in the two period model, those less-able individuals for whom AY(a) < d°
exhibit “overinvestment,” their investment is strictly decreasing in w and strictly
increasing in a.

C. Parameter Values

We now discuss the parameter values used to study the quantitative implications
of our model. We normalize time so that a unit interval represents a calendar year.
All monetary amounts are denominated in 1999 dollars using the consumer price
index (CPI-U). As a measure of ability, we use quartiles of the AFQT distribution in
our sample. This facilitates comparison with the empirical patterns discussed earlier
in Section I. Baseline parameter values, reported in Table 1, are chosen to match
basic features of the US economy, while others are estimated using data on earnings
and educational attainment from the random sample of males in the NLSY79.

With our focus on college education, we assume that youth (investment period)
begins at age S = 19; maturity (labor market participation) begins at age P = 26;
and retirement runs from age R = 65 until death at age T = 80. These values

33 For example, if r = p, then 6 is independent of o, while &, is increasing in o.
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roughly capture the demographics and the timing of college education and labor
market decisions in the United States.

We assume an annual interest rate » = 0.05 based on historical averages of the
riskless rate and the return to capital in the US. We also set p = r. Given our calibra-
tion strategy, reasonable variations of p and r, including differences between them,
have little impact on our results. We set ¢ = 2, which implies an IES of 0.5—an
intermediate value in the estimates reported in Browning, Hansen, and Heckman
(1999). Values of ¢ inside the interval [1.5,3] yield similar results.

We set reasonable values for parameters that define borrowing opportunities (d°,
7, 7) and show that our results are not overly sensitive to changes in them. We
assume d° = 35,000 based on loan limits for Perkins and Stafford Loan Programs.
As discussed in the online Appendix, there are a number of different government
loan limits depending on the type of loan, dependency status, and whether the stu-
dent is an undergraduate or graduate student. Our choice of $35,000 is in the range
between the limit for dependent undergraduates borrowing only from the Stafford
program and the limit for independent undergraduates or for graduate students.

We calibrate the length of the penalty period 7 based on the US legal environ-
ment. According to US bankruptcy code, individuals must wait for at least seven
years after filing for Chapter 7 before they qualify to file again, while default records
remain in an individual’s credit history for a period of ten years. Thus, 7 should
range between seven and ten. In our baseline, we set 7 = 10, but # = 7 produces
similar conclusions.

Regarding v, the effective earnings lost in the event of private loan default, regu-
lations provide little direct guidance. For private unsecured loans, an explicit gar-
nishment rule does not exist. Moreover, actual costs of default—via either direct
penalties or avoidance actions—extend beyond simple garnishments (e.g., poor
credit ratings can limit employment, rental, and home ownership options, and force
individuals to pay high interest rates for day-to-day transactions, etc.) These costs
are likely to be nontrivial, but are difficult to quantify. Rather than attempting to
directly measure these distortions, we instead choose v = 0.2 as our baseline to
yield reasonable credit and borrowing levels in our model. While higher values of
produce a more positive ability-investment relationship among those who are con-
strained, much higher values imply too much private credit and borrowing and too
few constrained individuals. Much lower values for y result in too little private credit
and borrowing, which implies investment allocations more similar to those in the
exogenous constraint model.*

Finally, for the sake of comparison, we also report the predictions of an exog-
enous constraint model with a limit equal to d* = 70,000, a value we justify below.

Estimation of the Earnings Function—We use data on wage income, education,
age, and AFQT quartile from the NLSY79 (1979-2006) to estimate parameters of the
labor earnings function. Our sample includes all men age 19 and up with at least 12

3 Our baseline value of 7 is a bit higher than in Livshits, MacGee, and Tertilt (2007) and Chatterjee, et al. (2007)
for two reasons. First, we abstract from the benefits of financial markets in smoothing out temporary earnings and
preference shocks, which implies a smaller “cost” of default in our framework for any level of 7. Second, in the
context of human capital formation, a higher + helps capture any disruptions in career possibilities that may arise
as a result of default.
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years of completed schooling from the random sample. We associate different levels
of investment with different levels of reported schooling, calculating the total expendi-
tures associated with each level of schooling separately by AFQT quartile. These costs
include both foregone earnings and direct expenditures, as discussed below. Consistent
with the formulation of the model, we make no distinction for investment in time costs
(foregone earnings) or purchased inputs.>s Implicitly, they are perfect substitutes in
the production of human capital, an issue we discuss further in the online Appendix.
We also abstract from investment differences related to differences in college quality.
While an interesting margin of choice, we leave this to future work.

Estimation of the labor earnings function proceeds in three separate steps (details
on Steps 1 and 2 are provided in the Appendix):

Step 1, Estimating foregone earnings: Foregone earnings reflect the present value
of average earnings relative to someone with 12 years of completed schooling, tak-
ing into account earnings during college.

Step 2, Determining total costs of schooling and the government subsidy match-
ing rate: For individuals attending college, we add foregone earnings determined
in Step 1 to direct costs to determine total schooling expenditures. Direct expendi-
tures are based on current-fund expenditures per full-time equivalent student in all
institutions of higher education (1999 Digest of Education Statistics, Table 342).
We used expenditures for the 1980s corresponding to the years most students in our
NLSY79 sample attended college. Table Al in the Appendix reports measures of
direct expenditures, and foregone earnings.

To calculate the subsidy rate s used in our analysis, we calculate the average
marginal subsidy rate for an additional year of college. The resulting government
subsidy matching rate is s = 0.799. In simulating the “year 2000” economy, we use
a lower subsidy matching rate of s = 0.710, consistent with the observed rise in cur-
rent fund revenue that came from tuition.

Step 3, Estimating the parameters: With Step 2, we have imputed total invest-
ment expenditures h(g, C) for each AFQT quartile g and years of completed school-
ing C. Since we include total expenditures in calculating h(g,C), it reflects total
private investment plus public subsidies, A;(a)(1 + s). Assuming human capital
grows at rate g with labor market experience x = age — 26 (i.e., E(x) = exp(gx)),
we estimate «, hy, g, and ability parameters a,, ...,a, using NLSY79 data on wage
income, schooling, and age.

Taking logs and incorporating measurement error €;, we obtain the following
specification for individual i earnings as a function of AFQT quartile g;, experience
x;, and years of college C;:

(16) In(y) = Infa,] + gx, + alnlhy + h(g;,C)] + .

35 1t is worth noting that GSL programs typically allow borrowing against purchased inputs but not foregone
earnings. GSL programs also generally allow individuals to borrow against modest living expenses, which range
from $6,000-10,000 per year in the United States. Since our estimated measures of foregone earnings are mostly
in this range (and the tied-to-investment constraint is generally quite slack), incorporating this feature would have
negligible effects on our quantitative results below.
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The model also implies that unconstrained investments are given by
h%(a,) = max {hy,[a(1 + 5)®a, e~ P51 /(l—a)}

with ® = (e¢"®=P) _ 1)/(g — r), given the assumed log-linear earnings profile.
We use GMM to estimate our parameters using moments based on both earnings
and unconstrained investment:

E{[In(y) — (In[a,] + gx; + aln[hy + (g, C)])]Z} = 0,
E{hy + h(g,C;) — h%a,)|a:} = 0,

where Z; includes indicators for each year of schooling from grades 12 to 20, expe-
rience x;, and AFQT quartile indicators.* The first set of moments using the wage
equation simply estimates parameters to best fit average earnings conditional on
schooling, age, and AFQT quartile. Using only this set of moments is nearly identi-
cal to nonlinear least squares estimation of equation (16). With the second set of
moments, we also match average schooling expenditures by AFQT quartile to the
unconstrained optimal levels as implied by the model.*”

The strategy of targeting unconstrained investments when estimating (a,, o, g, ho)
is consistent with evidence in the NLSY79 (e.g., Cameron and Heckman 1998,
1999; Carneiro and Heckman 2002), suggesting that most individuals were not con-
strained in their schooling investments at that time. It is important to note, however,
that this does not guarantee that simulations of our baseline model will lead to these
unrestricted investments. None of our assumptions about the credit environment
(i.e., the GSL program and private lending under limited commitment) implies suffi-
cient credit for everyone. Therefore, one metric for evaluating our model is whether
anyone is constrained in our baseline calibration.

Finally, it is important to discuss the nature and correct interpretation of an indi-
vidual’s available resources w in our simulations. Because foregone earnings are an
important part of investment expenditures in our calibration, w includes at least the
amount an individual could earn if he began working immediately after high school.
These amounts depend on ability, since foregone earnings depend on ability (see
Appendix Table A1). The relevant range of available resources, therefore, begins at
$36,000 for the least able, $73,000 for AFQT quartile 2, $76,000 for AFQT quartile
3, and $79,000 for the top quartile. Any available resources above these amounts
must be interpreted as transfers from parents or others.

36 We do not attempt to address concerns about unobserved heterogeneity in estimating the wage equation (i.e.,
we assume ¢; is orthogonal to completed schooling conditional on AFQT).

37 We could have estimated parameters of the human capital production function using only moments based on
the wage equation. This produces fairly noisy estimates of most parameters, however, especially A;. Since the model
implies an optimal unconstrained investment that is quite sensitive to all parameter values, including the second
set of moments provides much more precise and robust estimates. We do not lose much in terms of mean squared
error (MSE) for the log wage equation (0.593 versus 0.601) when estimating the model using both sets of moments.
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FIGURE 3. THRESHOLDS FOR UNCONSTRAINED ALLOCATIONS (Baseline 1980s economy)

D. Baseline Simulations

We now report the model’s main implications given our baseline parameteriza-
tion. Figure 3 shows the wealth threshold w®**(a) for our benchmark model. It also
shows w’(a) and w'(a), the special cases where we shut down private or GSL credit,
respectively. Individuals with ability-wealth pairs above and to the left of the thresh-
olds are unconstrained, while those with pairs below and to the right are constrained.
The x-marks indicate the point estimates for each ability quartile as reported in
Table 1. Finally, the dotted horizontal lines reflect estimated potential earnings (PE)
for these same ability levels.

For all estimated ability types a,, the dotted PE(a,) lines lie above the correspond-
ing wealth threshold w%**(a,), which implies that even youth who receive zero
transfers (from their parents or other sources) attain unconstrained consumption
and investment allocations. Regardless of individual resources, our parameterization
yields investments of $8,000, $22,300, $44,600, and $100,900 for AFQT quartiles
1, 2, 3, and 4, respectively.’® The fact that our baseline model predicts that individu-
als in the NLSY79 were unconstrained justifies our estimation strategy of matching
unconstrained investment with average investment in the data.

38 These reflect total expenditures for postsecondary education and are very close to average total expenditures
by AFQT quartile in the NLSY79 (from least to most able): $8,800, $29,000, $47,400, $107,700. See Appendix
Table A1 for a mapping between these amounts and years of college attendance.
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FIGURE 4. TOTAL BORROWING AS A FUNCTION OF ABILITY AND FINANCIAL WEALTH (/980s Economy)

Figure 3 also reveals that ability quartiles 2 and 3 would be unconstrained by the
GSL alone; thus, middle ability individuals would not need to borrow from private
lenders. Lower ability individuals lie in the flat region of w® and w®*!, indicating
that the GSL’s tied-to-investment constraint (i.e., d, < e"*~9&,) may bind. The fact
that w%a,) < PE(a;) < w°*(a,) implies that the least able poor would be con-
strained (low consumption during school) under the GSL alone, but they receive
enough credit from private lenders to enable full consumption smoothing. Among
the most able, the upper GSL loan limit (i.e., d, < EG) binds for those receiving
no family transfers. They would underinvest without access to private lenders; how-
ever, private lenders provide enough credit to ensure unconstrained maximization.

Figure 4 reports total borrowing d, + d, for each level of ability as a function of
initial wealth minus potential earnings (i.e., family or outside transfers). Only youth
from the top AFQT quartile with very low resources wish to borrow more than the
upper GSL limit (reflected in the dashed horizontal line at $35,000). Among the
most able, roughly $35,000 in family transfers (received over ages 19-26) would be
enough to ensure unconstrained consumption and investment without any need for
private loans. All other youth wish to borrow less than the GSL maximum. As noted
above, youth from the lowest ability quartile would like to borrow more than they
invest, which the GSL does not accommodate. As a result, the least able receiving

3 This group should be quite small given the strong correlation between ability and family resources observed in
the NLSY79. For example, Table 2 in Belley and Lochner (2007) reveals that 70 percent of youth from the highest
AFQT quartile have family income in the top half of the distribution.
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less than $20,000 in family transfers (cumulative over ages 19-26) would like to
borrow small amounts from private lenders (e.g., credit cards) in order to smooth
consumption. Youth in the interquartile range invest more than they wish to borrow
from the GSL and do not run up against the GSL upper loan limit; they are fully
unconstrained by the GSL regardless of parental transfers.

Altogether, our baseline model fits the “1980s facts” quite well. The prediction
that investment is unconstrained for all ability levels is consistent with the evidence
from the NLSY79, i.e., that investments are independent of the individual’s wealth
and strongly increasing in ability. The model further predicts that most NLSY79
respondents should borrow less than the GSL maximum. Only youth with high abil-
ity and low family transfers would borrow up to the GSL maximum, and then some
from private lenders. This is consistent with the fact that early private student loan
programs in the 1980s were relatively unimportant and almost exclusively served
students of elite institutions and professional schools.

IV. Counterfactual Exercises

We now use our model to conduct two sets of counterfactual exercises. First, we
simulate an increase in both the costs of, and the returns to, education to see whether
our model is consistent with the rising importance of family resources for college
attendance and the increase in student borrowing (from both the GSL and private
lenders) as observed between the 1980s and early 2000s. Second, we conduct a
number of policy experiments related to the financing of college education.

A. A Rise in the Costs of, and Returns to, Schooling

We simulate the effects of an increase in the costs of, and returns to, schooling—
two major economic changes that took place between the early 1980s and early
2000s. We model an increase in the wage returns to education by assuming that
« increases by 0.01 to 0.71, which leads to a modest increase in the college-high
school log wage differential.*® We model the rise in net tuition costs by assuming
that the government subsidy rate, s, falls from 0.799 to 0.71. This reduction reflects
the increased importance of tuition and fees as a fraction of total current-fund rev-
enue for public and private universities in the United States. Our simulations capture
the observed stability of maximum GSL loans in real terms by assuming that d°
remains unchanged at $35,000. We refer to the baseline parameterization as the
“1980s economy” and to the counterfactual parameterization as the “2000s econ-
omy.” The results in this section are closely related to our theoretical results of
Section IIF regarding the role of schooling costs and returns. Unlike increases in the

40 There is some disagreement in the literature regarding the underlying cause for the increase in estimated col-
lege-high school wage differentials. Some argue that much of the rise is due to a rising “return to ability,” while
others argue that most of the rise is due to an increase in the actual “return to school.” See Cawley, et al. (2000) and
Taber (2001) for detailed discussions of the empirical difficulties and evidence. Changing o more closely reflects
the latter, but we increase « less than the amount needed to fully account for the rise in the college-high school log
wage differential. An increase in the “return to ability” is equivalent to shifting the ability distribution upward in our
framework (see Section IIF), which produces qualitatively similar effects to those discussed here.
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FIGURE 5. THRESHOLDS FOR UNCONSTRAINED ALLOCATIONS: 2000s VERsUS 1980s ECONOMIES

price of skill, however, an increase in a not only raises the returns to schooling but
also increases the sensitivity of earnings to investment.

The model suggests that the higher returns to investment led to an increase in the
amount of available private credit. The demand for credit rose even more, however,
such that the w*’(a) thresholds increased substantially relative to their 1980 lev-
els, as shown in Figure 5. A much larger set of wealth-ability pairs lies in the con-
strained region in the 2000s. The model suggests that many youth receiving little or
moderate transfers from their parents are likely to be borrowing constrained in the
more recent period. Finally, the flat region for the threshold that was present in the
1980s economy disappears completely in the 2000s economy, indicating that the
only potentially binding constraint in the GSL is d, < dC. This rules out the pos-
sibility of overinvestment.

In the 2000s economy, wealth becomes an important determinant of human cap-
ital investment. Figure 6 shows total investment, 4,(1 + ), as a function of avail-
able resources, w. The solid lines represent investment for the estimated ability levels
by AFQT quartile; dotted vertical lines indicate potential earnings and delineate the
empirically relevant regions of w for each ability quartile. Consistent with the predic-
tions of Proposition 4, constrained investment is steeply increasing in wealth until it
reaches the unconstrained level. Constraints are binding for a wide range of wealth
levels. Most notably, the top ability individuals can reach unconstrained investments
and consumption only if their parents give them at least $70,000 during college.

Credit available from the GSL is no longer sufficient in the 2000s economy. As
shown in Figure 7, the model predicts a significant expansion in the set of individuals
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FIGURE 6. TOTAL INVESTMENT IN HUMAN CAPITAL (2000s Economy)

borrowing beyond the maximum d from the GSL. Private lending expands to the
point that it is comparable to, or greater than, GSL borrowing for youth with low-
to-medium parental transfers. Among the most able, borrowing from private lend-
ers is as much as $50,000 for a large range of wealth (and parental transfer) levels.
Private lenders are willing to provide extra credit, because the increased return to
investment raises earnings and the cost of default. Interestingly, borrowing is not
monotone in wealth, because constrained wealthy individuals consume and invest
more. The latter expands private credit.

The endogeneity of credit limits is important. To see this, compare our baseline
model with an exogenous constraint model. Figure 5 includes the threshold w*(a)
assuming d* = 70,000, the exogenous limit that yields the same wealth threshold as
our baseline model for the lowest ability quartile in the “2000s economy.”*' The same
set of low ability individuals is constrained in either model, but the steeper w*(a)
curve implies that more higher ability individuals are constrained under exogenous
constraints. The gap between the two thresholds is increasing in ability, since private
credit endogenously increases with ability.

Figure 8 compares the relationship between ability and human capital investment
(for two wealth levels) implied by exogenous constraints and our model with endog-
enous GSL and private credit constraints. The effects of endogenous constraints on
the extensive margin are evident in the wider range of abilities for which uncon-
strained investment is observed. The effects on the intensive margin for those that

“! That is, w0*(a,) = w*(a,). This exogenous constraint level is also consistent with the 1980s, since it does
not bind for any estimated ability levels.
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are constrained is reflected in the different slopes between the solid and dashed
lines at higher abilities. As expected from Proposition 1 and o > 1, the exogenous
constraint model predicts that constrained investment is decreasing in ability. With
exogenous constraints, low-income youth from the top AFQT quartile would invest
5 percent less than youth from the third quartile. In contrast, our baseline model
predicts that constrained investments are essentially flat in ability.*

It is noteworthy, however, that our model delivers the observed positive ability-
investment relationship at the bottom of the family income distribution where family
transfers are likely to be negligible. Comparing youth receiving no family or other
transfers (i.e., w = PE(a)), the most able invest more than double the least able.
This is because potential earnings (i.e., resources available to those receiving zero
transfers) are increasing in ability. More generally, total investment is increasing in
ability for any given level of transfers, w — PE(a).

In sum, our model predicts that the increase in costs and returns to schooling
has led to a rise in borrowing from both the GSL and private lenders. The model
further predicts that while more youth have become constrained, private lenders
have expanded credit opportunities in response to the higher earnings associated
with a college education. These patterns are consistent with the evidence on fam-
ily income—college attendance patterns in the NLSY79 and NLSY97, the increased
fraction of youth constrained by upper GSL limits, and the expansion of private
credit. While the model does not necessarily deliver a strong positive relationship
between ability and schooling conditional on available resources for constrained
youth, it performs noticeably better than the exogenous constraint model.

B. Policy Experiments

We next consider the response of human capital investments to three types of
changes in the economy: (i) changes in the enforcement institutions underlying
private lending; (ii) changes in the extent of GSL programs; and (iii) changes in
government subsidies. In all exercises, our point of departure is the 2000s economy
where some agents are constrained. We report the response for the lowest resources
available by ability (i.e., potential earnings, PE(a)), and for other levels of w. For
the lowest ability quartile, we report the results for lower values of w, because their
potential earnings are substantially lower.

Changes in the Enforcement of Private Lending.—Columns 2-6 of Table 2 show
the percentage change in human capital investment (relative to the 2000s economy
benchmark in column 1) for each ability quartile and different levels of available
resources w. Column 2 presents the case of 7 = 0, when the GSL is the only source
of credit. The elimination of private lending leads to sizable reductions in invest-
ment, as much as 50 percent for bright youth from poor families. Columns 3 and 4
show that variations in 7 closer to our benchmark value of ten years lead to more
modest responses in human capital investments. Except for the most able, a pun-
ishment period of 15 years would lead to unconstrained investments for all wealth

42 We can easily generate steeper ability-investment profiles for our baseline model using higher values for v
and 7.
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TABLE 2—EFFECTS OF CHANGES IN PRIVATE LENDING ENFORCEMENT ON HUMAN CAPITAL INVESTMENT
(In percentage terms)

“Year 2000” = vy =

baseline 0 7 15 0.1 0.3
K (a,,w):
w = PE(a,) 48,239 —12.6 —12.6 19.5 -12.6 34.1
w = 50,000 64,702 -34.8 -11.0 0.0 -253 0.0
w = 80,000 64,702 -9.0 0.0 0.0 0.0 0.0
w = 100,000 64,702 0.0 0.0 0.0 0.0 0.0
htH(ay, w):
w = PE(a,) 84,529 —41.0 0.0 0.0 -10.5 0.0
w = 80,000 84,529 -31.8 0.0 0.0 -0.3 0.0
w = 100,000 84,529 -54 0.0 0.0 0.0 0.0
w = 120,000 84,529 0.0 0.0 0.0 0.0 0.0
ot (ay,w):
w = PE(as) 99,966 —48.0 -10.0 11.7 -21.0 15.5
w = 80,000 104,485 —46.5 -9.7 10.5 -20.3 10.5
w = 100,000 115,447 -324 0.0 0.0 —6.8 0.0
w = 120,000 115,447 —132 0.0 0.0 0.0 0.0
K a,,w):
w = PE(a,) 102,213 -50.3 -10.6 12.3 —22.1 28.2
w = 80,000 103,819 —49.8 -105 12.2 -21.9 279
w = 100,000 129,693 —43.0 -9.0 104 —18.8 239
w = 120,000 155,581 —38.4 -8.0 9.2 —16.8 213

Note: Unconstrained investments, hY(a), are $64,702, $84,529, $115,447, and $194,164.

levels; top ability students from poor backgrounds would remain constrained but
would invest considerably more than under the benchmark. The punishment period
would need to be extended to near retirement (i.e., 7 = R — P) for the most able
with no familial income transfers to be unconstrained.

The next two columns of Table 2 show that a reduction in  to 0.1 would reduce
investment by as much as 25 percent for the poorest youth of different ability lev-
els, while increasing 7y to 0.3 would lead to unconstrained investment for all but the
highest ability quartile. Although the latter would substantially increase investment
among the most able (by nearly 30 percent for the very poor), y needs to rise above
0.45 before everyone is unconstrained. Of course, simultaneously increasing m and
~ would more easily ensure unrestricted investment for everyone.

Changes in the GSL Program.—Columns 24 of Table 3 consider changes to GSL
programs. First, consider eliminating the GSL program altogether (d° = 0). This
would severely restrict investment among the poorest and least able. The effects
are fairly large, however, for all poor youth regardless of ability. Comparing these
results against those with only government lending (i.e., # = 0) suggests that the
GSL is more important for investment among the least able, while private lending is
more important for all others. This is because, unlike the GSL, private lenders base
credit on ability. Next, we consider an expansion in the GSL program, increasing
the upper limit to d° = $50,000. Such a policy would disproportionately benefit
the least able poor, but it would also help low income youth of high ability. As with
an increase in 7y to 0.3, this GSL expansion enables unconstrained investment for
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TABLE 3—EFFECTS OF CHANGES IN GOVERNMENT STUDENT LOAN PoLICIES ON HUMAN
CAPITAL INVESTMENT (In percentage terms)

“Year 2000” d¢= M=
baseline 0 50,000 15

Ko (ay,w):
w = PE(a)) 48,239 ~86.7 34.1 34.1
w = 50,000 64,702 —61.8 0.0 0.0
w = 80,000 64,702 -3.2 0.0 0.0
w = 100,000 64,702 0.0 0.0 0.0
hC*L (ayw):
w = PE(ay) 84,529 -36.6 0.0 0.0
w = 80,000 84,529 -25.9 0.0 0.0
w = 100,000 84,529 0.0 0.0 0.0
w = 120,000 84,529 0.0 0.0 0.0
KO (as,w):
w = PE(ay) 99,966 —419 15.5 15.5
w = 80,000 104,485 —40.1 10.5 10.5
w = 100,000 115,447 -23.6 0.0 0.0
w = 120,000 115,447 -13 0.0 0.0
hCtE (a4, w):
w = PE(a,) 102,213 —40.3 17.5 28.3
w = 80,000 103,819 -39.7 17.2 279
w = 100,000 129,693 -32.0 139 222
w = 120,000 155,581 —26.8 11.6 18.4

Note: Unconstrained investments, hY(a), are $64,702, $84,529, $115,447, and $194,164.

the bottom three-quarters of the ability distribution, while effects are comparatively
weaker for the most able.

The last column of Table 3 reports the impact of changing the GSL repayment
period. Recall that our baseline model allows individuals to spread their GSL repay-
ments over their entire working careers. Here, we consider reducing the repayment
period to 15 years after the completion of school (see the Appendix for details). This
change effectively increases the cost of default by reducing resources available for
consumption during the period of exclusion from financial markets. Interestingly,
such a policy would have nearly identical effects on private lending constraints and
human capital accumulation as increasing <y to 0.3. Therefore, our baseline calibra-
tion closely mimics a model with a shorter GSL repayment period and lower .

Response to Education Subsidies—Finally, consider the effects of increasing the
government subsidy rate s to its 1980s level (in our benchmark 2000s economy). As
Table 4 demonstrates, a higher subsidy rate leads to substantial increases in investment
with the largest responses among wealthier, unconstrained youth. Investment among
constrained youth responds less, because they also want to consume more while in
school. Overall, a universal subsidy to investment amplifies inequality in earnings.

Table 4 also compares the investment responses for our model (h9**) with those
for an exogenous constraint model (h*) with d* = 70,000. Since private credit
expands with investment in our framework, investment responses are always greater
for constrained individuals than under exogenous constraints. The main differences
are for the middle ability groups, where the effects are as much as 50 percent higher
in our model compared to the exogenous constraint model.
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TABLE 4—RESPONSE OF INVESTMENT TO INCREASING SUBSIDY RATE TO 1980s LEVEL

(2000s Economy)

2000s benchmark levels Percent changes from benchmark

HGHL hx hGHL 7
h(a;,w):
w = PE(a,) 48,239 49,823 8.7 6.7
w = 50,000 64,702 64,702 10.0 7.2
w = 80,000 64,702 64,702 66.8 61.9
w = 100,000 64,702 64,702 66.8 66.8
h(a,,w):
w 2 PE(a,) 84,529 84,529 21.1 12.2
w = 80,000 84,529 84,529 324 220
w = 100,000 84,529 84,529 55.7 49.9
w = 120,000 84,529 84,529 55.7 55.7
h(as, w):
w = PE(a;) 99,966 91,481 6.9 5.7
w = 80,000 104,485 95,382 6.8 5.6
w = 100,000 115,447 115,447 20.3 7.6
w = 120,000 115,447 115,447 43.9 28.0
h(ag,w):
w = PE(a,) 102,213 89,252 7.0 5.8
w = 80,000 103,819 90,625 6.9 5.8
w = 100,000 129,693 112,766 6.5 5.5
w = 120,000 155,581 134,984 6.3 5.3

With respect to the impact of these policies on welfare (not shown here), we
make two remarks. First, impacts on welfare tend to be smaller than on human
capital investment, because borrowers benefit only from the difference between
the returns and costs of additional human capital. Second, impacts on welfare
(across different policies or individuals) need not correlate highly with impacts
on investment, because consumption is also an important margin of response to
credit constraints.

V. Conclusions

GSL programs and private lending under limited commitment link the borrowing
opportunities of young individuals with their cognitive ability and investments in
human capital. We show that this link shapes the intertemporal trade-off between
investment and consumption for those who are credit constrained. The link is impor-
tant for understanding college attendance and borrowing patterns in recent decades.
Most notably, the link is important for explaining the positive ability-schooling rela-
tionship for youth from low income families and the rapid expansion in private
student lending in recent decades. Conventional wisdom and numerous empirical
studies presume that borrowing constraints always inhibit investment; however, we
show that this is not the case if what constrains youth is the GSL’s tied-to-investment
constraint (i.e., their borrowing is restricted by their level of investment). Finally, we
show that schooling is more sensitive to government policies when credit depends
on investment behavior: policies that increase schooling also expand private credit
opportunities, which further increases schooling among constrained youth.
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A calibrated version of our model reinforces existing empirical findings that
American youth were not constrained during the 1980s but suggests that many youth
may be constrained today. This change is explained by rising college costs, even faster
rising returns to education, and largely unresponsive GSL programs. Consistent with
the evidence, our model predicts that these forces make family resources a more
important determinant of higher education, cause more individuals to exhaust their
government borrowing opportunities, and lead to an expansion in private lending.

Our framework enables us to study the effects of changes in government student
loan programs on private lending. We show that expansions of government lending
are only partially offset by reductions in private lending, so total student credit is
increasing in GSL limits. In contrast, efforts to extend GSL repayment periods lead to
contractions in private lending, since they reduce the costs associated with private loan
default. These private credit responses, in turn, affect educational investment deci-
sions. We also study the effects of changes in private loan enforcement or bankruptcy
regulations on schooling in our framework. We show that expansions in private loan
enforcement capabilities increase human capital investment, especially among the
more able, while expansions in government credit tend to favor the least able.

Finally, our model can serve as a natural starting point for future empirical work
and policy analysis exploring dimensions ignored here. An obvious next step is to
introduce uncertainty and learning about the returns to investment, opening the door
to default in equilibrium. Default may serve as insurance against adverse outcomes,
and loan contracts with private lenders and the GSL must strike a balance between
ensuring repayment and providing insurance against unexpected outcomes. We have
also abstracted from school quality and labor supply decisions while in school. Both
are likely to be important margins of response in the face of credit constraints and
deserve further attention. With reliable data on schooling, borrowing, earnings, and
loan repayment (an admittedly tall order), estimation of models that explicitly incor-
porate government and private lending should provide important new insights into
the nature of endogenous borrowing constraints, who is constrained, and the effects
of higher education policies and economic changes on private credit offerings and,
ultimately, individual schooling and borrowing decisions.

APPENDIX: DETAILS ON THE QUANTITATIVE MODEL

A. Analytical Aspects

Let Oy, = [ ::' ellr=p)/o)=rl=t) gz which indicates the present value of optimal
unconstrained consumption growth factors ((r — p)/o) between dates f; and 1, i.e.,

eV (n)dt = Oy, ;. c(t,). With CRRA preferences, Oy, , also indicates the
pr%sent value of growth factors of utility flows. The variable § in the text is defined
as 0 = O p/Os,7) and represents the ratio of discounted present value of optimal
unconstrained consumption over the schooling period relative to the full lifetime.
An unrestricted individual with ability a and initial wealth w enters the labor market
with debt (in present value terms of r = P)

(17) dYa,w) = ®0a[h¥(a)]* + ¢ P91 — 0)[r{(a) — w].
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This function dY(a,w) shares the same essential properties as in the two-period
model.

Also, under assumptions (i)—(iii) in the text, even if GSL constraint (13) or private
lending constraint (15) bind, consumption allocations within intervals [S,P) and
[P,T] are not distorted. As a result, lifetime utility can be written as

Ouplw + e""9d — h) /0"’
1 — o

e P90, 1y[(ah*® — d)/Opp)' ™
1 — o

+

b

which, up to a positive multiplicative constant, is equivalent to (14) with ,@
= e_p(P_S)(@[P,T]/e[S,P]) .

Derivation of the Credit Constraints.—Consider an individual with ability a,
human capital h, and GSL liabilities d,, contemplating whether to default on private
debt d, at time ¢ = P, i.e., when he enters the labor market. If he does not default, he
retains access to formal credit markets and is able to optimally smooth consumption.
At that point, his net lifetime resources are equal to ®ah® — d, — d,, and he is able
to attain a discounted utility equal to

O [(®ah® — d)/Op 7)™

1 -0

VR(a,h,dg +d,) =

The superscript R indicates full repayment. If, instead, he defaults, his utility is

P+

VP(a,hdy,r(-:d,)) = f e P=P) [(1 — y)ah®E(r — P) — r(1;d,)]'™ dt

P 1 -0

—+

e Oppin [<I>[p+ﬂ,mah“ — e"(d, = R(P + md))]'"™"

1l —o e[P+7r,T] ‘
The first term is the discounted utility during the punishment phase from P to
P + 7. During that time, consumption equals earnings net of garnishments (from
private lenders) and GSL debt repayments r(t;d,). The second term reflects the
discounted utility acquired after the punishment ends. When entering the post-
punishment phase, the individual is cleared of all private debt, but he carries a
liability with GSL lenders equal to e""[d, — R(P + m,d,)], where R(P + m,d,)
= [7" e"P)r(t,d,)dt represents cumulative repayments to GSL debt through-
out the punishment period. With renewed unrestricted access to financial mar-
kets, the available resources ®p, , zjah® — e""(d, — R(P + m,d,)) are consumed
smoothly over the remaining life [P + , T)]. Here, we define the function Dt
= f :tl e~ E(t — P)dz, which generalizes the definition of ® in the text for any
initial and final dates P < 1y < t; £ R. Note that the value of default depends on the
actual timing of GSL repayment r(-;d,) but not on the amount of private debt d,.
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Also, note that the value of repayment does not depend on the timing of GSL repay-
ment, since individuals who do not default can freely borrow and lend after school
to fully smooth consumption.

For analytical tractability, we assume that GSL debtors must repay at least a
constant fraction § of their earnings during the punishment period to service their
GSL debt. Assume that for a period equal to, or longer than, the length of default
punishment 7, repayments to GSL loans are given by r(t,d,) = dah®E(t — P),
i.e., the individual must pay a constant fraction of his earnings. Then, R(P + 7,d,)
= 0®(p pisah” and the postpunishment balance of GSL debt is €™
X (d, — 6@(p pir)ah”). At one extreme is the “fastest” repayment case when § = J
= d,/(®(p p+r)ah”) and all GSL debt must be repaid during the punishment period.
This is the most disruptive case and is relevant only if earnings are high enough
to cover the debt and leave positive consumption during the punishment period
(i.e., do/®(p pirjah” < 1 — 7). The attainable utility of a defaulting individual is

A[(l — v)ah" — dg/q)[P,P+7r]]l_a

|

VD(a, h, dg, 5]:) =

e_lm(@[P+7r,T])J[(I)[P+7r,R]aha] i

+ 1 —o

9

where A = [[*" e"P)E(t — P)'~dr. At the opposite extreme is the case of
“slowest” repayment in which no repayment is made while the individual is being
punished, i.e., 6 = dsg = 0. All GSL debt is rolled over to the postpunishment period,
leading to a balance of e""d, at time P 4 7. This case is relevant only if ®(p, ,, z)ah”
> e""d,. It leads to utility

Al(1 — y)ah]'™

1 — o

VD(a, h, dg, 55) =

e " (Opsr, r])”[q’[mw,m ah® — e"™d,)'™"
1 — o

+

9

which, in general, is greater than V°(a, h,d,, 6), because repayments are scheduled
in a way that minimizes the disruption of consumption smoothing.

In general, for intermediate values of ¢, the condition VR > VP implies a closed
form for the constraint on private credit:

d, < Bpah® — dy — [My(ah®)'"™" + M,(Myah® — &7d,)' =],
1—y=46"" Opin1|

. A —oT ¢ _ rm
with MOE [(G[P'Tl)a 3 Ml =e” (m) s and Mz: Q[F-HI',R] + e 6(I’[P,p+ﬂ.].

Clearly, private debt limits are positively linked to postschool earnings ®ah® and
negatively linked to the amount of GSL debt d,. As expected from its superior
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enforcement, however, GSL debt does not lead to a one-to-one reduction in the
capacity to borrow from private lenders, as captured by the fact that the CES
term in the right-hand side is negatively related to d,. Thus, in general, an expan-
sion of the GSL credit limit d¢ leads to an overall expansion in available credit.
€7 (dg — 6@(p pyx)ah”)
':I>[1>+1r,1e]ah(Y

For our baseline case, we set 6 = 6" = (1 — 7) . In this

case, the fraction (1 — v — 6*) of income (net of garnishments) available to
consume during the punishment period is equal to the fraction
D (prn pjah’— e"(d, — 5‘I>[P,P+n]ahu)

D(pirr)ah"

of the present value of labor earnings (net of GSL

debt payments) available for consumption during the postpunishment periods.
Imposing this equality, then, V?(a, h, d,,d") is equal to

1-0
d
Al(l — (ah" — § )
( ) Q — YPppin
1 -0
-0
e (Opinn)’ | Pp R(aha - —L)]
R ® — YPp piq
+ i .
-0
Olpin1)

Let©p= A(1 — 9)'7 + e"’"’[ ] ®(p,r z) and factorize

D(pinr)

d l-o
h — ——=——| . Th
“ [‘I) - 7¢[P,P+7r]]] en
l—o
d
@D[aha — [@ ; ]
- [P,P+m]
D .
V2(a,h,d,,¢") = —

These expressions and V¥ > V2 lead to the formula d, < k;®Pah® + k,d, in the
text, where

1
(,_) 1-0
k=1 — E;)’T]( Sp ) and

1
Ky = ( Op )1_0 @[P'T] - 1L
@[P,T] ¢ — ’)"I’[P,P+7r]

Direct inspection of these formulas verifies that 0 < k, < 1, kK, > —1, as well as
the other properties stated in the text. Finally, when GSL loans must be repaid within
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[P,P + M] form < M < R — P, the private credit constraint becomes

-0

d
(1 = yah® — 5=

d,,gcbaha—d—(—A-—

’ [©p ] Cip.)
- 1-0\ 1/(1-0)
O(pin1] ) Dp,psr] ] )
+ e"’"( . Dpipgah® — el - ————|d .
Oy / [T Opg |

Thresholds.—With the characterization above of the credit constraints in our base-
line model, we can derive explicit formulas for the thresholds of wealth that define the
sets of constrained individuals. Let mY(a) = ®a[h%(a)]” + ¢"*I(1 - O)h}(a).
Then,

wX(a) = e P91 — 0)"[m"(a) - EX],
whia) = e"P9(1 — 0)'1[mu(a) — mléa[hu(a)]a],
wSa) = e (1 — )7 [mY(a) — min {e"®-5nY(a),d}], and

w(a) = e (1 — 6)"[mY(a) — k,®ah¥(a)]* — kymin{e’*-InY(a),d®}].

PROOF OF PROPOSITION 4:

All three items in part 1 and items (i) and (ii) of part 2 follow virtually
the same lines as in Proposition 3 of the two-period case. We proceed to prove
item (iii). Our case of interest is when a > @ and h > h* = hy +(1 + 5)d°
= [a(1 + s)®@e """/~ Then, if the individual is constrained, d, = d° and
d, = k,Pah” + Kk,dC. As in the two-period model, for a > @ and h > h", define
o(a,h) as the fraction of lifetime labor earnings an individual must pay to cover

e —r(P-S)

the maximum debt from the GSL, ¢(a, h) Egz%; < o(a) < 2 <a<l

hy
! (1 + 5)d®
Let Co = (w + e "9k, ®ah® + (r, + 1)d°] — h;)/Oysp) and

C, = (®ah*(1 — K;) — (K, + I)ZG)/@[P,T]. Then the problem for a constrained

-0 l-o
agent boils down to r?hai( {@[ 5P| Co + e—P(P—S)@[ P.T] lc,_ -
74

}. Since a > a, the
1-o0

solution is interior and given by the FOC

F = Ca"[amq)ah"“‘(l +5) — l]e—r(P—S)

+ e ?P9CT%®ah (1 — k)(1 + 5) = 0.
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As before, the relationship between ability and investment is given by %, which is

& =~ cilom@n e 1 + )

-59C

— 0Cy " Dak,®ah®™ (1 + 5) — 1]e7"9 B0

+ e PPC7adh (1 — k)(1 + )
— 0ePPICT la®ah® (1 — k)1 + s) 8C‘

Using F = 0 and factorizing ¥ = e "P~5C7%a®h* (1 — k,)(1 + 5) > 0,

OF _ Q]U (p-r)(P-3) __F1 »9C0 a _ o9 a
3(1*\1,{[(?0 ¢ I—K}1+ Oa C1C0+1 8(1 Cl

where the second term has been multiplied and divided by C;. Since the individual is
constrained, C,/C, > el#1P-9  and (C1/Cy)” > €r=AP=9) Using these
inequalities in the second and first term, respectively, and then simplifying,

”’PS)aco_a__%L)}
>\I’{ +0<[] %a C,  oa G /I

8

—r(P-S)

9C, a _ Opn Kie
Using the definitions of C and C,, compute — Ba Ci = Ogn == (& Dolah]
8C| a 1 - Ky

and da C, - (1=K = (% + l)gah)]'Then’
(k07" — ]
> v [1 o [1 ——— 1)9 ] The right-hand side of this expression

K — (ky + l)g(a,h)]
1 -k

is positive if and only if o(k,0~' — 1) > i , which holds if

ki > 0, i.e., condition (A), because by construction 1 — x; — (k, + 1)o(a,h) > 0

when a > @ and h > k™. If k,6~' < 1, then the last inequality is equivalent to

o< |l - E? :li g(a,h)][l — k,07"]". The sufficiency of condition (B) holds be-
- M

cause p(a,h) < p(a).

B. Calculating Total Educational Expenditures

In calculating total education expenditures by years of college education (i.e.,
highest grade completed less 12) and AFQT quartile, we add estimates of foregone
earnings and average tuition costs by year of school (see Table A1).

Foregone earnings for each year of college reflect the present value of average
earnings relative to someone with the same ability but only 12 years of school-
ing. Our calculations take into account earnings during college. For someone with
AFQT quartile g and C > 1 years of college completed, foregone earnings are
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TABLE A1—TOTAL SCHOOLING CoSTS FOR EACH YEAR OF COLLEGE BY AFQT QUARTILE

(1999 Dollars)

Years of Direct Foregone earnings by AFQT quartile

college expenditures (1) (2) (3) (4)

1 6,322 3,604 8,560 6,716 6,841
2 12,343 8,689 19,446 17,530 15,476
3 58,275 14,844 30,467 29,257 26,288
4 75,880 21,222 40,825 40,350 39,106
5 92,646 26,606 51,201 51,232 51,300
6 108,615 31,799 60,135 60,509 61,431
7 123,822 35,531 67,669 69,302 70,733
8 138,306 36,243 72,981 76,520 78,758

Notes: Direct expenditures are based on average expenditures per student in all colleges and universities.
Expenditures for the first two years of college are based on two-year school averages for 1980-1981 to 1984—1985;
expenditures for three+ years of college are based on four-year school averages for 1980-1981 to 1989-1990
(Digest of Education Statistics, Table 342, 1999). Because expenditures are higher at four-year institutions than
at two-year institutions, there is a noticeable jump in direct expenditures between two and three years of college.
Foregone earnings reflect the present value of average earnings relative to someone with 12 years of completed
schooling, taking into account earnings during college. All costs are discounted at a 5 percent annual interest rate
back to grade 12.

calculated as FE(q,C) = Zf;ol (1 + 1'"7512(¢, 19 + %) = Fi24c(g, 19 + %),
where r = 0.05, y,,(g,j) reflects average wage income for men with 12 years
of schooling, AFQT quartile g, and age j; and y1,,¢(q,j) reflects predicted earn-
ings for men with C years of completed college, AFQT quartile g, and age j.
This prediction is based on a regression of earnings on AFQT quartile indicators,
experience (= age —19), and experience-squared using a sample of men who are
enrolled in college and whose age is between 19 and 26 (with age not exceeding
18 + C).

Direct expenditures for the first two years of college are based on two-year school
averages for academic years 1980-1981 to 1984—1985, while direct expenditures
for three+ years of college are based on four-year school averages for academic
years 1980-1981 to 1989-1990. These dates correspond to the years most students
in our NLSY79 sample attended college.

To calculate the subsidy rate s, we first compute marginal subsidy rates for each
year of college (1-8 years) by AFQT quartile. This is computed as 0.77 x direct
expenditures divided by total expenditures, where 0.77 reflects the ratio of current-
fund revenue that does not come from tuition and fees averaged over academic years
1980-1981 to 1989-1990 according to the Digest of Education Statistics (2003,
Table 333). Since these rates differ somewhat by the number of years of schooling
and AFQT quartile, we average over these values using the distribution of com-
pleted schooling in our NLSY79 sample. The resulting government subsidy match-
ing rate is s = 0.799. In simulating the “year 2000” economy, we use a lower rate of
s = 0.710, consistent with the observed rise in current fund revenue that came from
tuition (from 0.23 to 0.28).

REFERENCES

Aiyagari, S. Rao, Jeremy Greenwood, and Ananth Seshadri. 2002. “Efficient Investment in Children.”
Journal of Economic Theory, 102(2): 290-321.

This content downloaded from 14.139.226.50 on Thu, 12 Mar 2020 04:58:04 UTC
All use subject to https://about.jstor.org/terms



2528 THE AMERICAN ECONOMIC REVIEW OCTOBER 2011

Albuquerque, Rui, and Hugo A. Hopenhayn. 2004. “Optimal Lending Contracts and Firm Dynamics.”
Review of Economic Studies, 71(2): 285-315.

Alvarez, Fernando, and Urban J. Jermann. 2000. “Efficiency, Equilibrium, and Asset Pricing with
Risk of Default.” Econometrica, 68(4): 775-97.

Andolfatto, David, and Martin Gervais. 2006. “Human Capital Investment and Debt Constraints.”
Review of Economic Dynamics, 9(1): 52-67.

Becker, Gary S. 1975. Human Capital, 2nd Ed., New York, NY: Columbia University Press.

Belley, Philippe, and Lance Lochner. 2007. “The Changing Role of Family Income and Ability in
Determining Educational Achievement.” Journal of Human Capital, 1(1): 37-89.

Ben-Porath, Y. 1967. “The Production of Human Capital and the Life Cycle of Earnings.” Journal of
Political Economy, 75(4): 352-65.

Berkner, Lutz K. 2000. Trends in Undergraduate Borrowing: Federal Student Loans in 1989-90,
1992-93, and 1995-96, Washington DC: National Center for Education Statistics Report 2000-151.

Brown, Meta, John K. Scholz, and Ananth Seshadri. 2007. “A New Test of Borrowing Constraints for
Education.” Unpublished.

Browning, Martin, Lars P. Hansen, and James J. Heckman. 1999. “Microdata and General Equilib-
rium Models.” In Handbook of Macroeconomics, vol. 1. ed. John B. Taylor and Michale Woodford,
543-633. Amsterdam: Elsevier Science.

Bureau of Labor Statistics, US Department of Labor. 2002. “National Longitudinal Survey of Youth
1979 cohort, 1979-2006 (rounds 1-22)[computer file].” Produced and distributed by the Center for
Human Resource Research, The Ohio State University. Columbus, OH. (accessed February 2009).

Bureau of Labor Statistics, US Department of Labor. 2005. “National Longitudinal Survey of Youth
1979 cohort, 1997-2005 (rounds 1-9)[computer file].” Produced by the National Opinion Research
Center, University of Chicago and distributed by the Center for Human Resource Research, The
Ohio State University. Columbus, OH. (accessed March 2008).

Cameron, Stephen V., and James J. Heckman. 1998. “Life Cycle Schooling and Dynamic Selection
Bias: Models and Evidence for Five Cohorts of American Males.” Journal of Political Economy,
106(2): 262-333.

Cameron, Stephen V., and James J. Heckman. 1999. “Can Tuition Policy Combat Rising Wage Inequal-
ity?” In Financing College Tuition: Government Policies and Educational Priorities, ed. Marvin H.
Kosters, 76—124. Washington DC: American Enterprise Institute Press.

Cameron, Stephen V., and James J. Heckman. 2001. “The Dynamics of Educational Attainment for
Black, Hispanic, and White Males.” Journal of Political Economy, 109(3): 455-99.

Cameron, Stephen V., and Christopher Taber. 2004. “Estimation of Educational Borrowing Con-
straints Using Returns to Schooling.” Journal of Political Economy, 112(1): 132-82.

Card, David. 1995. “Earnings, Schooling, and Ability Revisited.” In Research in Labor Economics Vol-
ume 14, ed. S. W. Polachek, 23—48. Greenwich CT: JAI Press.

Carneiro, Pedro, and James J. Heckman. 2002. “The Evidence on Credit Constraints in Post-Second-
ary Schooling.” Economic Journal, 112(482): 705-34.

Caucutt, Elizabeth M., and Krishna B. Kumar. 2003. “Higher Education Subsidies and Heterogeneity:
A Dynamic Analysis.” Journal of Economic Dynamics and Control, 27(8): 1459-1502.

Cawley, John, James J. Heckman, Lance J. Lochner and Edward J. Vytlacil. 2000. “Understanding the
Role of Cognitive Ability in Accounting for the Recent Rise in the Economic Return to Education.”
In Meritocracy and Economic Inequality, ed. K. Arrow, S. Bowles and S. Durlauf , 230-65. Princ-
eton: Princeton University Press.

Chatterjee, Satyajit, Dean Corbae, Makoto Nakajima, and José-Victor Rios-Rull. 2007. “A Quantita-
tive Theory of Unsecured Consumer Credit with Risk of Default,” Econometrica, 75(6), 1525-89.

College Board. 2005. Trends in College Pricing 2005. New York: College Board Publications.

College Board. 2006. Trends in College Pricing 2006. New York: College Board Publications.

Cordoba, Juan C. and Marla Ripoll. 2009. “Schooling and Development: The Role of Credit Limits,
Public Education, Fertility and Mortality.” Unpublished.

Ellwood, David T., and Thomas J. Kane. 2000. “Who Is Getting a College Education? Family Back-
ground and the Growing Gaps in Enrollment.” In Securing the Future: Investing in Children from
Birth to College, ed. Sheldon Danziger and Jane Waldfogel, 283-324. Washington, DC: Russell
Sage Foundation.

Fernandez-Villaverde, Jesiis, and Dirk Krueger. 2004. “Consumption and Saving over the Life Cycle:
How Important are Consumer Durables?” Unpublished.

Gropp, Reint, John Karl Scholz, and Michelle J. White. 1997. “Personal Bankruptcy and Credit Sup-
ply and Demand.” Quarterly Journal of Economics, 112(1): 217-51.

This content downloaded from 14.139.226.50 on Thu, 12 Mar 2020 04:58:04 UTC
All use subject to https://about.jstor.org/terms



VOL. 101 NO. 6 LOCHNER AND MONGE-NARANJO: CREDIT CONSTRAINTS AND HUMAN CAPITAL 2529

Hansen, W. Lee, and Burton A. Weisbrod. 1969. “The Distribution of Costs and Direct Benefits of Pub-
lic Higher Education: The Case of California.”” Journal of Human Resources, 4(2): 176-91.

Hanushek, Eric A., Charles Ka Yui Leung, and Kuzey Yilmaz. 2003. “Redistribution through Educa-
tion and Other Transfer Mechanisms.” Journal of Monetary Economics, 50(8): 1719-50.

Heckman, James J., Lance J. Lochner, and Petra E. Todd. 2008. “Earnings Functions and Rates of
Return.” Journal of Human Capital, 2(1): 1-31.

Ionescu, Felicia. 2009. “The Federal Student Loan Program: Quantitative Implications for College
Enrollment and Default Rates.” Review of Economic Dynamics, 12(1): 205-31.

Ionescu, Felicia. 2008. “Consolidation of Student Loan Repayments and Default Incentives.” The B.E.
Journal of Macroeconomics, (Topics), 8(1).

Keane, Michael P., and Kenneth I. Wolpin. 2001. “The Effect of Parental Transfers and Borrowing
Constraints on Educational Attainment.” International Economic Review, 42(4): 1051-103.

Kehoe, Timothy J., and David K. Levine. 1993. “Debt-Constrained Asset Markets.” Review of Eco-
nomic Studies, 60(4): 865-88.

Kocherlakota, Narayana R. 1996. “Implications of Efficient Risk Sharing without Commitment.”
Review of Economic Studies, 63(4): 595-609.

Krueger, Dirk, and Fabrizio Perri. 2006. “Does Income Inequality Lead to Consumption Inequality?
Evidence and Theory.” Review of Economic Studies, 73(1): 163-93.

Livshits, Igor, James MacGee, and Michele Tertilt. 2007. “Consumer Bankruptcy: A Fresh Start.”
American Economic Review, 97(1): 402-18.

Lang, Kevin. 1993. “Ability Bias, Discount Rate Bias and the Return to Education.” Unpublished.

Lochner, Lance, and Alexander Monge-Naranjo. 2002. “Human Capital Formation with Endogenous
Credit Constraints.” National Bureau of Economic Research Working Paper 8815.

Lochner, Lance J., and Alexander Monge-Naranjo. 2008. “The Nature of Credit Constraints and
Human Capital.” National Bureau of Economic Research Working Papers 13912.

Lovenheim, Michael F. 2010. “The Effect of Liquid Housing Wealth on College Enrollment.” Unpub-
lished.

Manski, Charles F., and David A. Wise. 1983. College Choice in America. Cambridge, MA: Harvard
University Press.

Monge-Naranjo, Alexander. 2009. “Entrepreneurship and Firm Heterogeneity with Limited Enforce-
ment.” The Annals of Finance, 5(3-4), 465-494.

Stinebrickner, Ralph, and Todd Stinebrickner. 2008. “The Effect of Credit Constraints on the College
Drop-out Decision: A Direct Approach Using a New Panel Study.” American Economic Review,
98(5): 2163-84.

Titus, Marvin A. 2002. “Supplemental Table Update for Trends in Undergraduate Borrowing: Federal
Student Loans in 1989-90, 1992-93, and 1995-96.” http://nces.ed.gov/pubs2000/2000151update.
pdf (accessed: June, 2010).

This content downloaded from 14.139.226.50 on Thu, 12 Mar 2020 04:58:04 UTC
All use subject to https://about.jstor.org/terms



	Contents
	p. 2487
	p. 2488
	p. 2489
	p. 2490
	p. 2491
	p. 2492
	p. 2493
	p. 2494
	p. 2495
	p. 2496
	p. 2497
	p. 2498
	p. 2499
	p. 2500
	p. 2501
	p. 2502
	p. 2503
	p. 2504
	p. 2505
	p. 2506
	p. 2507
	p. 2508
	p. 2509
	p. 2510
	p. 2511
	p. 2512
	p. 2513
	p. 2514
	p. 2515
	p. 2516
	p. 2517
	p. 2518
	p. 2519
	p. 2520
	p. 2521
	p. 2522
	p. 2523
	p. 2524
	p. 2525
	p. 2526
	p. 2527
	p. 2528
	p. 2529

	Issue Table of Contents
	The American Economic Review, Vol. 101, No. 6 (OCTOBER 2011) pp. 2277-2872, i-viii
	Front Matter
	MARTIN SHUBIK, Distinguished Fellow 2010
	Searching and Learning by Trial and Error [pp. 2277-2308]
	þÿ�þ�ÿ���T���r���e���n���d���s��� ���i���n��� ���Q���u���a���l���i���t���y���-���A���d���j���u���s���t���e���d��� ���S���k���i���l���l��� ���P���r���e���m���i���a��� ���i���n��� ���t���h���e��� ���U���n���i���t���e���d��� ���S���t���a���t���e���s���,��� ���1���9���6���0�������2���0���0���0��� ���[���p���p���.��� ���2���3���0���9���-���2���3���4���9���]
	Nudging Farmers to Use Fertilizer: Theory and Experimental Evidence from Kenya [pp. 2350-2390]
	Aggregation and the PPP Puzzle in a Sticky-Price Model [pp. 2391-2424]
	Private Monitoring and Communication in Cartels: Explaining Recent Collusive Practices [pp. 2425-2449]
	International Prices, Costs, and Markup Differences [pp. 2450-2486]
	The Nature of Credit Constraints and Human Capital [pp. 2487-2529]
	Risk Matters: The Real Effects of Volatility Shocks [pp. 2530-2561]
	The Potential of Social Identity for Equilibrium Selection [pp. 2562-2589]
	Bayesian Persuasion [pp. 2590-2615]
	The Fundamental Law of Road Congestion: Evidence from US Cities [pp. 2616-2652]
	Bid Preference Programs and Participation in Highway Procurement Auctions [pp. 2653-2686]
	Clearing the Air? The Effects of Gasoline Content Regulation on Air Quality [pp. 2687-2722]
	The Chinese Warrants Bubble [pp. 2723-2753]
	Shorter Papers
	Estimating Marginal Returns to Education [pp. 2754-2781]
	How Demanding Is the Revealed Preference Approach to Demand? [pp. 2782-2795]
	Currency Misalignments and Optimal Monetary Policy: A Reexamination [pp. 2796-2822]
	Aggregate and Idiosyncratic Risk in a Frictional Labor Market [pp. 2823-2843]
	Expectations, Learning, and Business Cycle Fluctuations [pp. 2844-2872]

	Back Matter



