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ABSTRACT

The level of outstanding student debt in the United States has been on the rise for the past
decade, accompanied by rising tuition and default rates. According to Mitchell (2017), the count
of defaults has reached around 4.6 million in the third quarter of 2017, doubling from the same
quarter of 2013. Responding to these alarming trends, consumers are increasingly concerned
about the potential impact of student loan on the future financial health of millennials.
With the goal of examining student loans’ impact on retirement security for individuals,
this paper investigates the role student loan plays on households’ portfolios and evaluates
retirement readiness through the lens of homeownership. Owning a house provides a crucial
source of income after individuals enter retirement due to two key reasons. Munnell, Hou, and
Webb (2016) argue that housing value grows into the individuals’ net wealth and owning a house
removes the need to pay rent.
In this paper, a three-period lifetime model depicts the interactive relationship between
student debt level and financial security post-retirement. The simulated method of moments
estimates the model with the statistical moments of empirical data. Observations from the model
and data source suggest that high student debt level has a negative impact on individuals’
retirement security by reducing the possibility of owning a home.

ii

TABLE OF CONTENTS
LIST OF FIGURES ..................................................................................................... iii
LIST OF TABLES ....................................................................................................... iv
ACKNOWLEDGEMENTS ......................................................................................... v
Chapter 1 Background of Student Debt and Homeownership ..................................... 1
Motivation ........................................................................................................................ 2
Student loan structures ..................................................................................................... 4
Repayment plans and defaulting ...................................................................................... 6
Student debt forgiveness/cancellation/discharge programs ............................................. 8

Chapter 2 Lifetime Consumption Model ..................................................................... 11
Parameters ........................................................................................................................ 12
Lifetime utility maximization .......................................................................................... 17

Chapter 3 Data Analysis .............................................................................................. 21
Data facts.......................................................................................................................... 21
Method of simulated moments ......................................................................................... 24

Chapter 4 Conclusion ................................................................................................... 27
Result discussion .............................................................................................................. 27
Limitations and further research ...................................................................................... 28
Policy discussion and outlook .......................................................................................... 29

BIBLIOGRAPHY ........................................................................................................ 32

iii

LIST OF FIGURES
Figure 1-1. Distribution of student loan borrowed by 2015Q4 balance................................... 2
Figure 1-2 Number of student loan borrowers by age group ................................................... 3
Figure 1-3 Composition of student aid, 2016-2017 ................................................................. 5
Figure 1-4 Annual limit of student loan by year of schooling by loan program ...................... 6

iv

LIST OF TABLES
Table 1-1. Student loan forgiveness, cancellation, discharge programs .................................. 8
Table 2-1. Periods of lifetime consumption model .................................................................. 11
Table 2-2. Borrowing constraint .............................................................................................. 15
Table 2-3. Parameter notation summary .................................................................................. 16
Table 2-4. Present value of utility by period ............................................................................ 18
Table 2-5. Housing decision model ......................................................................................... 19
Table 3-1. Empirical regression coefficients ........................................................................... 23
Table 4-1. Utility for renters in period 2 under employment scenarios ................................... 28

v

ACKNOWLEDGEMENTS

I want to express my most sincere gratitude for the incredible mentorship and guidance
from my advisor, Doctor Russell Cooper. I am truly thankful for his patient support, aspiring
motivation, and immense knowledge in the field, and I would also like to thank him for the
opportunity to work as a research assistant in aid of his work in the topic of economics of
education. In addition, I am grateful for my faculty reader, Doctor Nan Zhu, who has been
incredibly helpful and supportive, guiding me through the writing process of this thesis. Lastly, I
would be remiss not to thank Doctor Marzia Cremona, who has volunteered much of her time to
help me with R programming over the course of solving the theoretical model.

1

Chapter 1
Background of Student Debt and Homeownership
Alarms are being sounded about student debt due to its steady uprising trend that it has
reached $1.258 trillion in the fourth quarter of 2016, according to the latest Consumer Credit
Panel (CCP) /Equifax Report by Federal Reserve Bank of New York (FRBNY). In addition, in
this CCP report, student loan surpassed credit card debt in 2014 and became the second highest
consumer debt category, with the highest category being housing mortgage for the representative
households sampled. In a report by Lee and Shin (2017), the scholars discussed that there have
been more new debt borrowers with larger balances, noting that the majority of debt borrowers
has reasonable balances. To see the debt balance breakdown, Figure 1-1 in the next page displays
the distribution of student debt borrowers by balance in Q4 of 2015: the debt balance range with
the highest proportion of borrowers is between $10,000 and $25,000, about 37.8% own less than
$10,000 and about 15.2% own more than $50,000.
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Distribution of Student Loan Borrowers by 2015Q4 Balance
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Figure 1-1. Distribution of student loan borrowed by 2015Q4 balance

Motivation
As one of the primary tools to finance advanced education, student debt is generally
positively viewed, as in economics, higher education is considered a valuable investment in
human capital and corresponds with a better labor market outcome in the future. Yet its growing
trend calls for an investigation into the impact of large student debt overhang on the
homeownership rates and future financial health of young Americans graduating from colleges
and universities. To illustrate this, in Figure 1-2, it is noted that about 8 million borrowers carry
their student debt way into their 50s and 60s, when the individuals should have been reasonably
retirement-ready.
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Figure 1-2 Number of student loan borrowers by age group

Another illustration on the burden of student debt can be shown through the educationloans-to-income ratio, which has been increasing for average households since 1989, from the
tabulations by Mackenzie (2017). This indicates that compared to student loans, the current
income of households has not been experiencing growth to the same magnitude, imposing
repayment pressure on individuals. This increase may be attributed to a less restrictive borrowing
constraint in terms of borrowing for education, where students in the earlier school-leaving
cohorts were not able to borrow as much as they would like, but those in the later cohorts could
do so.
Based on the observations of student debt discussed above, it is worthwhile to question if
the debt overhang and insufficient pace of debt repayment could negatively impact individuals’
retirement security. This inquiry serves as the motivation for this thesis.
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Since an individual’s decision-making is subject to her budget constraints, the student
debt overhang seems to have important implications on one’s consumption choices. Taking one
of the most prominent roles in the consumer credit structure, student debt can impose great
pressure on one’s consumption bundle. Slow repayment of student loan, even defaulting on it,
leads to limited or impaired credit score and/or high debt-to-income ratio. This further makes it
difficult for individuals to purchase the important durable goods such as an automobile and
housing via borrowing, since credit score and debt-to-income ratio are important metrics
mortgage companies use to valuate the riskiness of the loan (Munnell, Hou & Webb, 2016). This
is one of the important ways that student debt affects one’s consumption decisions in her
lifetime. The paper hence evaluates the connection between student debt and retirement
readiness through homeownership, because owning a house can be a useful source of income
during retirement as one enjoys the extra utility from homeownership, without having to carve
rent out of the income. Going forward, the thesis develops a theoretical consumption model in
the next chapter to model the relationship between student loan and homeownership.
To summarize, prolonged duration of indebtedness in a person’s working life could be
substantially reducing the amount of wealth accumulated by the time of retirement. It is
reasonable to inquire if the debt overhang will impact individuals’ financial well-being through
many channels, particularly, through housing decisions.

Student loan structures
Before connecting student loan to retirement, it is of merit to discuss the various
financing and regulation structures of student loan, in order to understand how student debt
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works and further affects debt borrowers. According to College Board (2017), education aid to
students can be broken down into federal loans (32% of the total), federal grants (15%), other
federal aid in tax credits and deductibles (10%), grants from colleges (25%), and other aid from
state level and the private sector (18%). This composition is illustrated in Figure 1-3. Direct
loans, also called “Stafford loans”, take up almost 80 percent of all federal loans in 2016 to 2017,
according to College Board (2017). Other forms of loans include PLUS program to graduates
and parents of undergraduate students, and the Perkins loan program, though these types of loans
are not as common as direct loans (Mackenzie, 2017).

Figure 1-3 Composition of student aid, 2016-2017

Federal Student Aid (2018) reported that direct loans for undergraduates currently has an
interest rate of 4.45%, subsidized or unsubsidized; direct loans for graduates or professionals
currently has an interest rate of 6%, PLUS loans at 7%, and Perkins Loans at 5%; rates are set
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annually. Mackenzie (2017) discusses that the annual limit of the loans for undergraduates
depends on whether the student is an independent, and which academic year the student is
currently at, detailed in Figure 1-4. To simplify the model, this paper will use the repayment of
direct loans in the model in Chapter 2, considering it is the most common form of federal student
loans.

Figure 1-4 Annual limit of student loan by year of schooling by loan program

Repayment plans and defaulting

The two most common types of fixed repayment plans for student debt are the standard
plans and graduated plan, based on Mackenzie (2017). The standard repayment plan specifies
that equal monthly loan repayments be paid over 10 years; although, under an extended plan, the
repayment period can stretch over as long as 25 years. The latter, the graduated plan, stipulates a
lower payment amount than standard plan in the initial years of repayment, then a higher amount
further into the future.
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According to Lee and Shin (2017), the observed low student loan repayment rates seem
to account for the steady growth of total student debt balance, as repayment rates fell from 2007
school-leaving cohort to 2011 cohort, when default rates have appeared to level out in the recent
years. Why have borrowers slowed down their pace at repaying the education debt, after 2007 in
particular? It could be partly due to the impact of the Financial Crisis of 2007-2008, because
finding a well-paid job and paying off debt can be incredibly difficult for individuals who
graduate in the heat of the financial crisis. This low repayment rate may weigh down on the
individual’s debt burden and hurt her economic welfare by shrinking her budget constraint.
On the other hand, for those who experience significant difficulty in repaying the debt,
defaulting on student loans is sometimes inevitable. When it comes to student debt, default is
deemed to occur if the loan has been delinquent for 270 days, meaning that the debt has not been
paid for 270 days, according to Mackenzie (2017). Defaulting on student loans hurts one’s credit
score, which can deter her from other types of borrowing, such as applying for housing
mortgages. Although there has been a moderate increase in the default rate after the Great
Recession in both aggregate and cohort counts, the default rate has stabilized after 2011,
according to Lee and Shin (2017). In addition, the authors also noted that, compared to the
default rate of other consumer credit categories, which have decreased to their pre-crisis levels,
student loan default rate has failed to do so. Student loans default rates remaining high may be a
valid cause of concern, because the defaulting could send the individual in for a downward spiral
in consumption and significantly harm her financial welfare.
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Student debt forgiveness/cancellation/discharge programs

Many programs have been set up to relieve students of the burden from excessive student
loan, per financial need and appropriate circumstances. Based on the most recently published
information on Federal Student Aid (2018), student loan can be forgiven, canceled, or discharged
for reasons discussed below in Table 1-1, although the types of forgiveness program available
are subject to the type of the loan.
Table 1-1. Student loan forgiveness, cancellation, discharge programs

Type of forgiveness, cancellation, or
discharge
Public service loan forgiveness

Teacher loan forgiveness

Closed school discharge

Perkins Loan cancellation and discharge

Total and permanent disability discharge
Discharge due to death
Discharge in bankruptcy (rare)

False certification of student eligibility or
unauthorized payment discharge
Unpaid refund discharge

Criterion
Balance forgiven after 120 qualifying
monthly payments while working full-time
for a qualifying employer in government or
NPOs
Up to $17,500 forgiven when teaching fulltime for 5 complete and consecutive academic
years in a low-income school
Loan discharge when school closes while
student is enrolled or school closes within 120
days with student’s withdrawal
Cancellation when one performs certain types
of public service like Peace Corps or is
employed in certain occupations like child
services
Loan discharge due to certain physical or
mental impairments
Loan discharge due to death of the borrower
Loan discharge due to bankruptcy after
proving that repayment would impose undue
hardship on the individual
Loan discharge due to falsified eligibility to
receive the loan
Loan discharge due to unpaid refund after
withdrawal from school
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Borrower defense discharge

Loan discharge when the education institution
misled the student, or engaged in other
misconduct in violation of certain state laws.

Source: Federal Student Aid, 2018

Out of the programs available, one especially worth highlighting is discharge in
bankruptcy. Unlike other consumer categories of debt, student loan is notoriously famous to be
difficult to get rid of on claims of bankruptcy. According to Mitchell and Ferek (2018), since
1976, the federal government has specified that one must prove undue hardship in order to
submit appeals to file for bankruptcy for student debt; however, the definition was arbitrary and
bankruptcy judges have set the bar high in various cases over time. This stringent standard for
bankruptcy claims has led to the result that very few borrowers have had their loans expunged in
bankruptcy, though many more borrowers could have made “a good-faith effort to repay their
student loans over a five-to-seven-year period and still experience financial difficulty", and they
should have been able to discharge their debt (Mitchell & Ferek, 2018).
Mitchell and Ferek (2018) further wrote in a Wall Street Journal analysis and found
that “fewer than 500 people attempted to extinguish student debt in 2017, when roughly 766,000
individuals and couples filed for bankruptcy”. Apart from the high bar of undue financial
hardship, another reason that fewer borrowers filed for bankruptcy on student loan may be the
increased popularity of repayment programs for federal student loans. To respond to these
concerns around the complexity of bankruptcy filing for student loan, on Feb. 21, 2018, the
Trump administration announced that it would attempt to clarify the definition of “undue
hardship” and thus give borrowers with significant financial difficulty a reasonable chance at
wiping out their debt, according to Mitchell (2018). This change, if successfully carried out, may
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help student loan borrowers expunge their debt and turn their focus to properly save for home
buying and retirement.
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Chapter 2
Lifetime Consumption Model
In order to model one’s education and housing decision to investigate the relationship
between the two, this paper proceeds to build a three-period lifetime consumption model. The
model divides an individual’s lifetime into 3 periods, with utility in each period as a function of
the amount of consumption during that period. Assuming the individual makes all consumption
decisions with the ultimate goal of maximizing her present value of lifetime utility, the model
allows for the introduction of education and housing decision. These 3 periods relevant to the
education and homeownership model are respectively during college, working time, and
retirement, shown below in Table 2-1.
Table 2-1. Periods of lifetime consumption model

Period 1 - college schooling
Period 2 - working time
Period 3 - retirement

Decision

Length (in number of years)

Education decision

𝑇1

Housing decision

𝑇2
𝑇3
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Parameters
Many parameters are used in this model in order to best capture the many moving pieces
that affect education and housing decision-making for each individual.
In each of the 𝑇1 years in period 1, one makes a continuous education decision, choosing
a value of e (the amount of education) between 0 and 1. 0 indicates opting out of college
completely, and 1 indicates receiving a degree as a full-time student. This gives that having the
value of 0.5 for e would mean that the student is splitting her studying time and non-studying
time half and half. The annual cost of education then becomes 𝑃_𝑒 ∗ 𝑒, with 𝑃_𝑒 being the cost of
education per amount of education, tuition and boarding included. To finance this education, one
has three options: taking out student debt, using endowments from her family, and working parttime while in school. Note that the model allows the student to take advantage of different
combinations of these financing tools, as the income from any of the options can be 0. The
individual can borrow student debt; 𝑑 is denoted as the amount of student debt taken out per
year, which can range from 0 to 𝑑_𝑏𝑎𝑟. Borrowing through student debt in period 1 results in a
corresponding repayment in period 2. In addition, one uses the endowment, with the amount
denoted as 𝐵. Intuitively, a lower value of 𝐵 will correspond to a higher value of d, having the
student borrowing more student loan to finance the education. Lastly, one earns wage 𝑤1 per
working time, thus receiving an income of 𝑤1 (1 − 𝑒). Adding these up, the annual income in
period 1 becomes 𝑤1 (1 − 𝑒) + 𝑑 + 𝐵 − 𝑃_𝑒 ∗ 𝑒. Consumption = income – saving. Assuming no
saving in period 1, the annual consumption is equivalent to the annual income, 𝐶1 =
𝑤1 (1 − 𝑒) + 𝑑 + 𝐵 − 𝑃_𝑒 ∗ 𝑒.
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Education connects period 1 and period 2, where it is treated as an instrument of human
capital investment. With the amount of e, one’s human capital increases from the initial level of
θ, to ℎ(𝑒)𝜃 , where 𝜃 is the individual’s ability prior to higher education, and ℎ(𝑒) is the
proportional change of human capital. Throughout the individual’s lifetime, it is assumed that 𝜃
is known to the individual. ℎ(𝑒) is set to be a non-decreasing and concave function of 𝑒.
Algebraically,

𝜕ℎ(𝑒)
𝜕𝑒

> 0 and

𝜕2 ℎ(𝑒)
𝜕𝑒 2

< 0. ℎ(𝑒) also has a value of 1 when 𝑒 = 0, so that one’s

human capital remains the same in period 1 and period 2, when receiving no education. In this
model, ℎ(𝑒) = 1 + 2√𝑒, satisfying both of the conditions discussed.
In period 2, the individual graduates from college and enters the labor market. Now in
each year out of 𝑇2 years, she receives a base wage of 𝑤2 ; multiplying that by ℎ(𝑒)𝜃, her income
becomes 𝑤2 ℎ(𝑒)𝜃. Note that 𝑤2 is higher than 𝑤1, the base fulltime wage in period 1. The
student debt borrower also repays the student debt throughout this period, paying 𝑑 ×

𝑠̈ 𝑇1
𝑎̈ 𝑇2

per

year. 𝑎̈ 𝑇𝑖 is the present value of a series of payments of $1 payable at the beginning of each year
for 𝑇𝑖 years, the annuity due; 𝑠̈ 𝑇𝑖 is the future value of that annuity due. The payments are
discounted with 𝑟 as the effective annual interest rate, considering inflation. In addition, the
paper denotes the real annual interest rate as 𝑅, where 𝑅 = 1 + 𝑟.
In this period, the individual makes the housing decision, decides between renting and
owning a house by borrowing through a mortgage, becoming a renter or an owner. The renters
pay an annual rent with the amount being 𝑃_𝑟𝑒𝑛𝑡 and save a portion of their income for
retirement, with the saving amount being 𝑠. Again, consumption = income - saving. The annual
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𝑠̈ 𝑇1

consumption for renters in period 2 is then 𝐶2_𝑟𝑒𝑛𝑡𝑒𝑟 = 𝑤2 ℎ(𝑒)𝜃 − 𝑃_𝑟𝑒𝑛𝑡 − 𝑠 − 𝑑 × 𝑎̈

𝑇2

=

𝑠̈ 𝑇

𝑤2 (1 + 2√𝑒)𝜃 − 𝑃_𝑟𝑒𝑛𝑡 − 𝑠 − 𝑑 × 𝑎̈ 1 . The owner buys a house, costing 𝑃_ℎ𝑜𝑢𝑠𝑒. 𝑃_ℎ𝑜𝑢𝑠𝑒
𝑇2

is calculated based on 𝑃_𝑟𝑒𝑛𝑡, as the value of the house is theoretically equivalent to paying rent
to infinity. Knowing this, an equation linking P_house and P_rent is derived below:
𝑃_ℎ𝑜𝑢𝑠𝑒 = 𝑃_𝑟𝑒𝑛𝑡 +

𝑃_𝑟𝑒𝑛𝑡
𝑅

+

1

𝑃_𝑟𝑒𝑛𝑡
𝑅2

+

𝑃_𝑟𝑒𝑛𝑡
𝑅3

+ ...

1

𝑃_ℎ𝑜𝑢𝑠𝑒 = 𝑃_𝑟𝑒𝑛𝑡 × (1 + 𝑅 + 𝑅2 + ...)
𝑃_ℎ𝑜𝑢𝑠𝑒 = 𝑃_𝑟𝑒𝑛𝑡×

1
1−

1
𝑅

𝑅

𝑃_ℎ𝑜𝑢𝑠𝑒 = 𝑃_𝑟𝑒𝑛𝑡× 𝑅−1
The owner then pays

𝑃_ℎ𝑜𝑢𝑠𝑒
𝑎̈ 𝑇

each year to finish paying off the housing debt in period 2.

2

It is reasonable to stipulate that an owner enjoys extra utility from owning a house; to
depict this in the model, an amount z is added to her yearly income. The owner also takes a
portion from her income, s, to save for retirement, just like a renter. Note that an owner can
borrow a mortgage to finance the purchase of a home, and this is also reflected in 𝑠, since 𝑠 can
be negative to indicate borrowing in period 2. An owner’s annual consumption in period 2 is
𝑃_ℎ𝑜𝑢𝑠𝑒

then 𝐶2_𝑜𝑤𝑛𝑒𝑟 = 𝑤2 ℎ(𝑒)𝜃 + 𝑧 − 𝑎̈
𝑇2

𝑠̈ 𝑇1

− 𝑠 − 𝑑 𝑎̈

𝑃_ℎ𝑜𝑢𝑠𝑒

= 𝑤2 (1 + 2√𝑒)𝜃 + 𝑧 − 𝑎̈
𝑇2
𝑇2

− 𝑠−

𝑠̈ 𝑇

𝑑 𝑎̈ 1 .
𝑇2

To capture the differences between renters and owners in terms of borrowing constraint,
the model stipulates different ranges of 𝑠 possible for both groups; specifically, the model sets a
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saving/borrowing constraint. For an individual, the amount saved is the negative of the amount
borrowed in that period. There is only so much one can borrow; the amount borrowed is subject
to credit constraint and banking regulations. To illustrate this fact, 𝑠 for both groups must be
greater than or equal to a value 𝑠_𝑏𝑎𝑟, so that the amount borrowed is less than or equal to an
upper bound set by the banks. It is then reasonable to specify different borrowing constraints for
renters and owners, as owners are able to offer collaterals (in this case, the home) as guarantees
to the banks to reduce the risks the banks take on so that banks are able to limit their losses when
the owners fail to pay back the debt in full. This translated to Table 2-2 below:
Table 2-2. Borrowing constraint

Renter

Owner

𝑠 ≥ 𝑠_𝑏𝑎𝑟_ℎ𝑜𝑢𝑠𝑒

𝑠 ≥ 𝑠_𝑏𝑎𝑟_𝑟𝑒𝑛𝑡

Note that |𝑠_𝑏𝑎𝑟_ℎ𝑜𝑢𝑠𝑒 | > |𝑠_𝑏𝑎𝑟_𝑟𝑒𝑛𝑡 |

Finally, in period 3, the individual enters retirement. Denoting the retirement replacement
ratio as 𝛼, the annual income during retirement is then 𝛼 ∗ 𝑤2 ℎ(𝑒)𝜃; this income includes the
retirement plans benefits offered by the individual’s employer and from social welfare programs
such as social security. Additionally, one also receives the amount saved from period 2, 𝑠𝑅,
which is 𝑠 accumulated with the real interest. Each year, renters in period 3 keep on paying rent,
𝑃_𝑟𝑒𝑛𝑡. In contrast, owners in period 3 do not pay rent and receive some income from the resale
value of the home. The resale value is 𝐻_𝑣𝑎𝑙, then the extra yearly income from owning a house
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is

𝐻_𝑣𝑎𝑙
𝑎̈ 𝑇3

. Once again, just like period 2, the owner receives extra utility from owning a house,

denoted as 𝑧 added to the income.
Hereby the annual consumption for renters in period 3 is:
𝑠̈ 𝑇2

𝐶3_𝑟𝑒𝑛𝑡𝑒𝑟 = 𝛼 ∗ 𝑤2 ℎ(𝑒)𝜃 + 𝑠 𝑎̈

𝑇3

𝑠̈ 𝑇2

− 𝑃_𝑟𝑒𝑛𝑡= 𝛼 ∗ 𝑤2 (1 + 2√𝑒)𝜃 + 𝑠 𝑎̈

𝑇3

− 𝑃_𝑟𝑒𝑛𝑡

The annual consumption for owners in period 3 is:
𝐻_𝑣𝑎𝑙

𝐶3_𝑜𝑤𝑛𝑒𝑟 = 𝛼 ∗ 𝑤2 ℎ(𝑒)𝜃 + 𝑠𝑅 + 𝑎̈
+𝑧
𝑇3
𝐻_𝑣𝑎𝑙

= 𝛼 ∗ 𝑤2 (1 + 2√𝑒)𝜃 + 𝑠𝑅 + 𝑎̈
+𝑧
𝑇3
Table 2-3 below is a comprehensive summary of the parameter notations.
Table 2-3. Parameter notation summary

Notation

Interpretation

e

Amount of education

d

Amount of student debt

θ

Ability

h(e)

Human capital proportional change

R

Real interest rate

𝑤1

Wage in period 1
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𝑤2

Base wage in period 2

P_e

Cost of education

B

Endowment

P_rent

Cost of rent per year

P_house

Cost of purchasing the house

H_val

Resale value of house

z

Extra “income” for home owners

α

Retirement replacement ratio

s_bar_r

Borrowing constraint for renters

s_bar_h

Borrowing constraint for house owners

d_bar

Borrowing constraint on student loan

Lifetime utility maximization
The utility function used in this model is U(C(t)) = log(C(t)), where U stands for utility,
C(t) for consumption in period t. Note that the function is non-decreasing and concave. This
property corresponds to the general assumption that the more one consumes, the better off one is,
but with each unit of consumption, the marginal utility falls, per law of diminishing marginal
returns.
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The individual takes the discounted present value of utilities, 𝑼𝒊 , at the beginning of each
period 𝑖, with 𝑼𝒊 given by:
𝑼𝒊 = ∑ 𝛽 𝑡 𝑢(𝑐(𝑡))
𝑡

Where 𝑡 is the discount period, and 𝛽 is the discounting rate on utilities. For convenience,
1

𝛽 is equal to 𝑅. The individual’s utilities from the consumptions in each period at the start of that
period are then below in Table 2-4:
Table 2-4. Present value of utility by period

Period

Utility (𝑼𝒊 )
𝑇1 −1

Period 1

𝑈1 = ∑ 𝛽 𝑡 log(𝑤1 (1 − 𝑒) + 𝑑 + 𝐵 − 𝑃_𝑒 ∗ 𝑒)
𝑡=0
𝑇2 −1

Period 2 - renter

𝑈2_𝑟𝑒𝑛𝑡 = ∑ 𝛽 𝑡 𝑙𝑜𝑔(𝑤2 (1 + 2√𝑒)𝜃 − 𝑃_𝑟𝑒𝑛𝑡 − 𝑠 − 𝑑
𝑡=0
𝑇2 −1

Period 2 - owner

𝑈2_ℎ𝑜𝑢𝑠𝑒 = ∑ 𝛽 𝑡 𝑙𝑜𝑔(𝑤2 (1 + 2√𝑒)𝜃 + 𝑧 −
𝑡=0

𝑠̈ 𝑇
𝑃_ℎ𝑜𝑢𝑠𝑒
− 𝑠 − 𝑑 1)
𝑎̈ 𝑇2
𝑎̈ 𝑇2

𝑇3 −1

Period 3 - renter

𝑈3_𝑟𝑒𝑛𝑡 = ∑ 𝛽 𝑡 𝑙𝑜𝑔(𝛼 ∗ 𝑤2 (1 + 2√𝑒)𝜃 + 𝑠
𝑡=0

𝑠̈ 𝑇2
− 𝑃_𝑟𝑒𝑛𝑡)
𝑎̈ 𝑇3

𝑇3 −1

Period 3 - owner

𝑈3_ℎ𝑜𝑢𝑠𝑒 = ∑ 𝛽 𝑡 𝑙𝑜𝑔(𝛼 ∗ 𝑤2 (1 + 2√𝑒)𝜃 + 𝑠
𝑡=0

𝑠̈ 𝑇1
)
𝑎̈ 𝑇2

𝑠̈ 𝑇2 𝐻_𝑣𝑎𝑙
+
+ 𝑧)
𝑎̈ 𝑇3
𝑎̈ 𝑇3

In the next step, the decision model problem is solved by maximizing lifetime utility
through backward induction. At the decision node of period 2, the individual maximizes her
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utility between choosing to rent and to buy a house, taking 𝑒 and 𝑑 as given, since the education
decision is in the past. Going backward to the decision node in period 1, the individual
maximizes her present value of utility (including the discounted value of utilities in period 2 and
3) over decisions of 𝑒 and 𝑑.
The first optimization occurs in period 2. In this period, the individual is facing the
housing decision, where she maximizes the present value of utilities in period 2 and period 3.
The present value of utilities in period 2 and 3 is then 𝑈2,3 𝑟𝑒𝑛𝑡 = 𝑈2_𝑟𝑒𝑛𝑡 + 𝛽𝑇2 𝑈3_𝑟𝑒𝑛𝑡 for
renters, 𝑈2,3 ℎ𝑜𝑢𝑠𝑒 = 𝑈2_ℎ𝑜𝑢𝑠𝑒 + 𝛽𝑇2 𝑈3_ℎ𝑜𝑢𝑠𝑒 for owners. Renters maximize their present utility
function, 𝑈2,3 𝑟𝑒𝑛𝑡 , over the variable 𝑠, given the parameters including 𝑒 and 𝑑, the education
decision made in period 1. Note that 𝑠 for renters is subject to the constraint of s ≥ 𝑠_𝑏𝑎𝑟_𝑟.
Similar to renters, owners solve the same maximization problem on their present utility function,
𝑈2,3 ℎ𝑜𝑢𝑠𝑒 , over the variables 𝑠. In parallel, note that 𝑠 for owners is subject to the constraint of 𝑠
≥ 𝑠_𝑏𝑎𝑟_ℎ. Finally, the individual compares the maximum utilities of the two options in the

housing decision: rent or buy. She follows the housing option that gives her the most utility. This
decision model in period 2 is then shown below in Table 2-5:
Table 2-5. Housing decision model

Utility comparisons

Decision

𝑈2,3 𝑟𝑒𝑛𝑡 > 𝑈2,3 ℎ𝑜𝑢𝑠𝑒

Choose to rent

𝑈2,3 𝑟𝑒𝑛𝑡 = 𝑈2,3 ℎ𝑜𝑢𝑠𝑒

Choose to buy a house
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𝑈2,3 𝑟𝑒𝑛𝑡 < 𝑈2,3 ℎ𝑜𝑢𝑠𝑒

Indifferent between renting and buying

With the housing decision in period 2, she then discounts the present value of utilities in
period 2 and 3 to return to the education decision in period 1. In this period, she faces the
education decision, where she needs to choose values of e and d. To do this, she looks at the
present value of her lifetime utility, 𝑈1,2,3 .
𝑈1,2,3 = 𝑈1 + 𝛽𝑇1 𝑚𝑎𝑥(𝑈2,3 𝑟𝑒𝑛𝑡 , 𝑈2,3 ℎ𝑜𝑢𝑠𝑒 )
𝑇1 −1

= ∑ 𝛽 𝑡 𝑙𝑜𝑔(𝑤1 (1 − 𝑒) + 𝑑 + 𝐵 − 𝑃_𝑒 ∗ 𝑒) + 𝛽𝑇1 𝑚𝑎𝑥(𝑈2,3 𝑟𝑒𝑛𝑡 , 𝑈2,3 ℎ𝑜𝑢𝑠𝑒 )
𝑡=0

Note 𝑒 and 𝑑 are also included in max (𝑈2,3 𝑟𝑒𝑛𝑡 , 𝑈2,3 ℎ𝑜𝑢𝑠𝑒 ). Maximizing 𝑈1,2,3, the
person chooses the value of 𝑒 and 𝑑, i.e, she decides how much time to invest in education and
how much education debt to borrow.
To summarize, looking forward in life, the individual will make a housing decision in
period 2, based on the present value of the utilities in period 2 and period 3; she also will make
an education decision in period 1, based on the present values of the utilities in all periods. This
method of backward induction yields the optimal decision set for this person, where the decision
set {education decision in period 1, housing decision in period 2} maximizes the person’s
lifetime utility. This way, the model effectively connects education and homeownership across
different time periods.
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Chapter 3
Data Analysis
In order to use the lifetime consumption model to gain insights into individuals’
education and housing decision-making, empirical data is needed to estimate the model
parameters. Unfortunately, primary data on household education debt and homeownership are
not publicly available to calculate the model parameters. To work around this, this paper takes on
the method of simulated moments, henceforth referred to as MSM. Through MSM, the values of
the model parameters are estimated by matching the statistical moments of data simulations from
the model with those moments of the empirical data. In this paper, the moments of the empirical
data are taken from a paper on rising education cost and declining homeownership, written by
Bleemer, Brown, Lee, Strair, and van der Klaauw (2017) at the Federal Reserve Bank of New
York. In the next sections of this chapter, the paper will discuss the data used in the Bleemer et
al. paper and the process of MSM approach.

Data facts
Bleemer et al. (2017) gathered debt and homeownership data from various sources
including The New York Fed Consumer Credit Panel (FRBNY CCP) and The Integrated
Postsecondary Education Data System (IPEDS).
FRBNY CCP is a longitudinal dataset on different categories of consumer liabilities and
repayment, collected by Equifax Inc. The data have been collected each quarter since 1999Q1,
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and data related to student debt specifically are available after 2003. The comprehensive
coverage of debt categories in the CCP include all mortgages, student debt, home equity lines of
credit, and credit card balances. The CCP comprises 5 percent of U.S. individuals with credit
reports (and Social Security numbers), as the data sample includes “people with Social Security
numbers that end in one of five randomly assigned pairs of digits”. As Bleemer et al. discussed,
although the dataset sample is only representative of adults with Equifax credit reports in the
United States, “the coverage of CCP is considerably high for American adults”. Narrowing down
the analysis on young adults (24 to 30-year-olds) between the year 2003 and 2015, the paper
estimates with 774,794 individual-year observations.
In addition, costs of public universities are pulled from IPEDS, to be used as state-cohort
average sticker costs of public colleges, which is the sum of tuition and fees at public state and
universities, excluding room and board. Bleemer et al. (2017) used this sticker price in the
statistical analysis instead of the net cost of education, because using a net price would reflect
student debt and grants received, and differences in household income levels.
With the extracted data, Bleemer et al. (2017) then proceeded to perform logistic
regression to model the dependence of homeownership at age 28, 29, and 30 on the student debt
accumulated by the state-cohort at age 24. The student debt data is taken from the year 2003 to
2011, and the homeownership rate among young-aged consumers is taken from the year 2007 to
2015. The regression model used is:
𝐻
𝐻
𝐻 𝐻
𝐻
𝑌𝑖𝑐𝑙𝑡
= 𝑋𝑐𝑙𝑡 𝛽𝐻 + 𝐸𝑐𝑠
𝛾 + 𝛿𝑆𝐻 + 𝜏𝑐𝑡
+ 𝜖𝑖𝑐𝑙𝑡

𝐻
Where 𝑌𝑖𝑐𝑙𝑡
is an indicator for whether person i of state cohort c residing in county l at time t

(denoting as age t-c) owns a home that secures any type of standard home loan (reflected in CCP
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as a first mortgage, home equity loan, or home equity line of credit). 𝑋𝑐𝑙𝑡 is a vector of covariates
that includes the current (at time t and age 24) county employment-to-population ratio, measured
𝐻
from age 28 to 30 for the person i. Holding time constant, the education measure, 𝐸𝑐𝑠
, represents
𝐻
an individual at state s, cohort c’s student debt at age 24. 𝛿𝑆𝐻 and 𝜏𝑐𝑡
are respectively the state and

cohort fixed effects, to account for persistent differences across states and over time.
Also note that this model has attributed all of the impact from education cost on
homeownership to the channel of student debt, creating an “instrumental variables estimate” (IV
estimate) of homeownership, as “an upper bound on the true causal impact of student debt”
(Bleemer et al., 2017). The regression estimates are reported under the conventional least squares
assumptions on the variance-covariance matrix in Table 3-1 below.
Table 3-1. Empirical regression coefficients

Predictor variables

Regression coefficients, with y being
Homeownership IV

Student Debt, Age 24

-0.396**

Wages, Age 24

-4.409***

Youth Unemployment, Age 24

0.088***

Employment Ratio, Age 24

0.036***

Constant

33.065***

Significance stars: * 10% ** 5% ***1%
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Method of simulated moments
To proceed to use MSM to estimate the parameters, the first step is to simulate data from
the model, by mapping individuals with heterogeneous values of 𝜃 and B and printing their
education and housing decisions. 𝜃 is generated from a Pareto distribution with a single
parameter of φ, where the cumulated density function (CDF) of θ is given by 1 − 𝜃 𝜑 . 𝜑 is
estimated to be 2.61 by Cooper and Liu (2016). Similarly, the paper takes values of 𝐵 from a
Pareto distribution, where the CDF of B is given by 1 − 𝐵 𝜏 . Here, the model parameters are
normalized in terms of 𝑤1. 𝜏 is then 4.298, setting 𝑤1 = 1, according to estimates by Cooper and
Liu (2016).
Although there are many parameters in the lifetime consumption model, many of them
can be effectively estimated by taking computed results from related economic literature. Hence
the only parameters that call for the use of MSM are 𝑑_𝑏𝑎𝑟 and 𝑧. The paper proceeds to discuss
the use of estimations for the other parameters.
The real interest rate, 𝑅, is set to be 1.0445, the current interest rate on direct loans to
undergraduates, previously noted in Chapter 1. 𝛽 =

1
1+𝑅

= 0.95736. 𝑇1 , the length of period 1, is

4 years, since it typically takes 4 years to earn a bachelor’s degree in a public college/university.
Assuming the person graduates at age 22, retires at 67 and dies at 79, 𝑇2 = 67 − 22 = 45 years
and 𝑇3 = 79 − 67 = 12 years. With these values, 𝑎̈ 𝑇𝑖 and 𝑠̈ 𝑇𝑖 can be easily computed.
Taking the estimates of the wage profile for the United States from Cooper & Liu (2016)
and setting 𝑤1 as 1, the model has 𝑤1= 1, and 𝑤2 = 1.148 × 𝑤1 = 1.148 (as cited in Hanushek,
Schwerdt, Wiederhold, and Woessmann, 2013). According to Cooper & Liu, P_e is 0.75× 𝑤1 =
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0.75. Based on estimates by Bertelsen (2018), a renter’s annual income is 40 times the monthly
rent, thus 𝑃_𝑟𝑒𝑛𝑡 is estimated as 30 percent of average income in period 2. 𝑃_𝑟𝑒𝑛𝑡 is then 0.30×
𝑅

𝑤2 ℎ(𝑒)𝜃; 𝑃_ℎ𝑜𝑢𝑠𝑒 = 𝑃_𝑟𝑒𝑛𝑡 × 𝑅−1. The resale value of home, 𝐻_𝑣𝑎𝑙, is 0.85× 𝑃_ℎ𝑜𝑢𝑠𝑒.  is
set to be 0.75, a typical estimate for income replacement ratio for retirees in the United States.
The borrowing constraints for renters and homeowners are respectively 15% and 25% of the
individual’s annual income, set by lending banks, according to estimates published on Cornell
Law School (2018).
The second step is to calculate statistical moments from the simulated data matrix and
match them to those moments of empirical CCP data computed by Bleemer et al (2017),
illustrated in Table 3-1. Two variables that Bleemer used (youth unemployment, employment
ratio) were not included in the model in this paper connecting education to homeownership;
therefore, the only empirical regression coefficients used in MSM are the ones for student debt
and wage at 24 to match the ones of the simulated data.
To express this numerically, the logistic regression model used for the simulated data
from the model is then:
𝐻
𝐻
𝐻
𝐻
𝐻
𝐻
𝑌𝑠𝑖𝑚
= 𝐸𝑠𝑖𝑚
𝛾𝑠𝑖𝑚
+ 𝑤𝑠𝑖𝑚
𝛽𝑠𝑖𝑚
+ 𝜖𝑠𝑖𝑚

𝐻
𝐻
Where 𝑌𝑖𝑐𝑙𝑡
, same with Bleemer et al. (2017), represents the homeownership indicator; 𝐸𝑠𝑖𝑚
is an
𝐻
𝐻
individual’s student debt at age 24; 𝑤𝑠𝑖𝑚
is the person’s annual wage in period 2; 𝜖𝑠𝑖𝑚
is the

error term, using least squares approach.
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Writing the coefficients from Bleemer et al. (2017) and from the theoretical model as
matrices 𝑀𝑒 and 𝑀 𝑠𝑖𝑚 , a distance measure between the simulation and the empirical data is
created, denoted as D, below. MSM is then a minimization problem on D, over variables 𝑑_𝑏𝑎𝑟
and 𝑧.

𝛾𝐻
𝛾𝐻
𝑒
]
[
]
𝑀 𝑠𝑖𝑚 = [ 𝑠𝑖𝑚
𝑀
=
𝐻
𝛽𝐻
𝛽𝑠𝑖𝑚
D = (𝑀 𝑠𝑖𝑚 − 𝑀 𝑒 )𝑊(𝑀 𝑠𝑖𝑚 − 𝑀𝑒 )′
Solving this minimization problem in R, the paper yields estimated parameter values below:
𝑑_𝑏𝑎𝑟 = 0.16, 𝑧 = 1.06.
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Chapter 4
Conclusion

Result discussion
Based on the model and the CCP sample, it is estimated that a $1,000 increase in student
debt is associated with a 0.396 percentage point decline in later homeownership rate among the
state-cohort in the data sample. Since owning a house is primary tool for Americans to save and
accumulate wealth, student debt negatively affects homeownership and thus retirement security.
Through MSM, the paper estimates the borrowing constraint on student loan is about 16
percent of the full-time base wage during schooling in period 1. Considering the observation by
Mackenzie (2017) that the student-debt-to-income ratio has been on the rise in the past decades,
the paper reports that homeownership may have mixed responses to the relaxation of student
debt borrowing constraint.
The theoretical model in this paper allows under-matching, where it is completely
possible that someone with a high ability can choose a value of 𝑒 below the optimal value, and
not receive enough education in that sense. Subject to imposed borrowing constraints, undermatching occurs when education debt applies pressure on the high-𝜃 individual’s budget
constraint, limits her ability to smooth consumption by owning a house in the future, causing her
to deviate from the optimal consumption bundle. It is worth noting that under-matching is not
uncommon among college-aged individuals and can be attributed to many sources such as taste
differences and imperfect capital market, in particular, the housing purchase pressure, as
observed in this paper.
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Limitations and further research
Although the model was able to capture the important interactions between education as a
human capital investment and homeownership, the model is, admittedly, a simplified snapshot of
consumers’ decision making, and it leaves out some practical scenarios. First, the model assumes
after graduation, the student immediately enters into the labor market and earns a higher wage
than in college. Currently, the model does not take the possibility of unemployment into
consideration. To capture this possibility, a fix to the model would be simply to incorporate a
probability of employment and using an expected value of utility in period 2. Denoting the
probability of unemployment as p*, an example to consider unemployment for renters is
illustrated in Table 4-1.
Table 4-1. Utility for renters in period 2 under employment scenarios

Annual utility in period 2 if employed

𝑙𝑜𝑔 (𝑤2 ℎ(𝑒)𝜃 − 𝑃_𝑟𝑒𝑛𝑡 − 𝑠 − 𝑑

Annual utility in period 2 if unemployed

𝑙𝑜𝑔 (𝑤2 − 𝑃_𝑟𝑒𝑛𝑡 − 𝑠 − 𝑑

𝑠̈ 𝑇1
)
𝑎̈ 𝑇2

𝑠̈ 𝑇1
)
𝑎̈ 𝑇2

(1 − 𝑝∗ ) 𝑙𝑜𝑔 (𝑤2 ℎ(𝑒)𝜃 − 𝑃𝑟𝑒𝑛𝑡 − 𝑠 − 𝑑

𝑠̈ 𝑇1
𝑎̈ 𝑇2

)+

Expected annual utility in period 2
𝑠̈ 𝑇

𝑝∗ 𝑙𝑜𝑔 (𝑤2 − 𝑃_𝑟𝑒𝑛𝑡 − 𝑠 − 𝑑 𝑎̈ 1 )
𝑇2

In addition, defaulting on student loans was not included in the model; although default
rates are leveling out, as mentioned in Chapter 1, a potential default is still worth discussing in

29

the model. Defaulting on student loan can negatively affect the borrower’s credit score; this
effect may be illustrated in the model by shrinking the borrowing constraint and further limiting
homeownership. Including the possibility of defaulting and how it further restricts the
individual’s ability to borrow will improve the model.
Lastly, the paper models the link between student debt and homeownership and
retirement by forcing borrowers to balance payments to student debt and payments to housing
and compelling them to maximize utility with the budget constraints. A more complex model
could consider other possible channels that lead student debt to homeownership.

Policy discussion and outlook
As is seen from the model simulations and empirical data observations, student debt
poses a significant burden on the future financial welfare of students in homeownership and
retirement security. Responding to alarming notions that student loan is hurting the “American
dream”, on the state level, many programs were created to aid borrowers in paying off student
loan and purchasing a house, namely those in New York and Ohio, according to Berman (2017).
New York State subsidizes mortgages and provides assistances that are up to $15,000 in down
payment to recent graduates who are buying homes in one of the several upstate cities. The
program is available for steadily employed graduates with good credit, who have earned higher
education degrees within past 2 years, subject to certain income and home-price limits. A similar
but more established initiative in Ohio, “Grants for grads”, offers assistance on down payment
and a discounted mortgage interest rate to recent college graduates buying homes in the state.
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This program bears requirements on degrees, income and credit score, and specifically serves
first time home buyers.
On the federal level, the Trump administration has been working on adjusting the current
student debt forgiveness/cancellation/discharge programs, previously discussed in Chapter 1.
According to Josh Mitchell at The Wall Street Journal (2018), House Republicans proposed their
education bill to change the terms of the income-drive repayment plan in late 2017. Incomedriven repayment programs “set your monthly student loan payment at an amount that is
intended to be affordable based on the student’s income and family size” (Federal Student Aid,
2018). “Around 6.5 million Americans owing $352.5 billion in federal loans are enrolled
in the programs”, according to Education Department figures, as Mitchell pointed out.
According to Federal Student Aid (2018), previously under the income-driven repayment
programs, students pay generally 10 to 20% of their discretionary incomes for up to 10 to 12
years, when their debts are forgiven after the amount of time specified. Under the proposed bill
by House Republicans, borrowers would pay 15% of their discretionary incomes toward student
debt, with no option for forgiveness. The change would essentially make borrowers pay off more
debt sooner, in an attempt to stem the government’s losses from student loans. Notably, the
proposed bill would also eliminate fees charged by the government when issuing loans and
automatically enroll delinquent borrowers into income-driven repayment and verify their
incomes through the Internal Revenue Service. This helps address consumer concerns that many
borrowers fail to enroll in income-driven repayment plans because of the tedious documentation
process and less-than-sufficient information from contractors collecting payments.
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Looking forward, changes are needed to address the issue around the massive student
debt America has accumulated. As was discussed previously, slow repayment is a prominent
contributing factor to the rapid growth of student loan balances. Often times, repayment issues
can be attributed to poor understanding of personal debt and failure to utilize repayment
programs available. Thus, to help address the issue of student debt, the solution conveniently
comes back to education. It is key to improve the financial savviness of the borrowers when it
comes to student debt. An example would be to establish more effective financial literacy
programs or courses that help student borrowers understand the loans they had taken out, the
importance of paying it off early, the tools available to help with repayment. In the same time, it
is highly recommended that state and federal government pass new laws, improve transparency
around bankruptcy procedures, and fund effective programs to alleviate some student loan
burden for aspiring homeowners, taking lessons from the states of New York and Ohio.
Based on the analysis performed in this paper and Bleemer et al. (2017), it is evident that
student loan, in particular, slow repayment of student loan and persevering large unpaid
balances, adversely affects homeownership in later life and financial welfare in later life periods,
including retirement. Student loan does so by consuming a significant portion of borrowers’
disposable income, elevating the debt-to-income ratio, and damaging the credit score. Students
who wish to borrow to fund their higher education should take into consideration these longlasting effects of student debt overhang. This observation offers some insights in potential
opportunities to improve homeownership rates among young consumers through better funding
of higher education and student debt management.
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