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The Drivers of Financial Stress and
Sustainable Homeownership

A year after John and April purchased their home, they realized that after paying credit card bills,
auto loans, utilities, and their mortgage payments, by the end of the month they were frequently
short of money. Also, because of unanticipated maintenance and home repairs, their credit card
debt was building and they started to miss some payment deadlines. It was time to make a hard

decision. They resolved to sell their home and return to renting an apartment.

Introduction

This analysis explores the drivers of financial stress among first-time homebuyers. Identifying the factors

leading to household financial stress is important to understanding what makes homeownership

sustainable. Homeownership is sustainable when a household has the financial capacity to continue

owning its home over time. Conversely, homeownership is unsustainable when a household cannot

manage the financial responsibilities of owning a home. This analysis considers financial stress to be

a necessary condition for unsustainable homeownership. It explores the drivers of financial stress

after first-time homebuyers have bought a home. Identifying the factors
leading to household financial stress is important because the benefits of
homeownership accrue only through sufficiently sustained ownership.

In this context, the analysis captures financial stress through declines

in credit scores. Such declines frequently reflect late or missed loan
payments and high rates of credit utilization. Examining declines in credit
scores over a reasonable period can provide insights into which borrowers
experience financial stress. A decline of 60 points or more in the credit
scores of first-time homeowners is used as a proxy for financial stress.

A logistic regression model shows that the single most important predictor
of future financial stress is the debt-to-income ratio (DTI) at the time a
home loan is originated.

Across first-time homebuyers, the average path of credit scores initially
declines after they buy a home and then increases over time. There are

a few reasons why a borrower’s credit score declines immediately after

a home purchase, including credit inquiries associated with obtaining a
mortgage, increased credit card balances, and new credit lines opened
to buy items such as furniture and appliances. The magnitude of this initial
decline is larger for borrowers who take out mortgages backed by the

Key Findings

This analysis considers financial stress to
be a necessary condition for unsustainable
homeownership.

Examining declines in credit scores over
a reasonable period can provide insights
into which borrowers are more likely to
experience financial stress.

A logistic regression model shows that the
single most important predictor of future

financial stress is the debt-to-income ratio
(DTI) at the time a home loan is originated.

Financial education and counseling could
most effectively be targeted at borrowers
with elevated likelihoods of experiencing
financial stress.
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Federal Housing Administration (FHA) or Veterans Administration (VA) and borrowers with high DTls.
After an initial drop in credit scores proximate to the home purchase, average credit scores tend

to increase for borrowers, with an average increase in score of about 15 points after five years.

With this average in mind, a borrower whose credit score declines by 60 points or more signals

a large deviation from this typical path.

Different types of debt have differing impacts on the likelihood of financial stress, whether mortgage
debt or non-mortgage debt. Credit card and other non-mortgage debt on the household balance
sheet at origination have particularly strong impacts on the likelihood of financial stress. Surprisingly,
however, student debt is associated with lower rates of financial stress, possibly reflecting the higher
earnings growth potential and higher levels of financial knowledge for more educated borrowers.'
The results of this study suggest that financial education and counseling could most effectively be
targeted at borrowers who are more likely to experience financial stress.

Related literature

The literature examining the sustainability of homeownership is limited. Caplin, Cororaton, and Tracy
(2015) argue that homeownership sustainability should be measured at the borrower level and that
sustainability measures based on mortgage-level data can overstate sustainability because they do not
capture the default performance of subsequent mortgages. However, it is challenging to implement
their notion of homeownership sustainability because it requires a history of individual borrower tenure
choices and credit performance through borrower lifetimes. Haurin and Rosenthal (2004) examine

the sustainability of homeownership as measured by the duration of homeownership spells, tracking
individuals for two decades and using National Longitudinal Survey of Youth data. They show that the
duration of homeownership episodes is shorter for minorities, and these differences are mostly due

to differences in the socioeconomic attributes of individuals. Turner and Smith (2009) study exits from
homeownership and identify financial stress, proxied by loss of employment, as a necessary condition
for a mortgage to be unsustainable. Lee and Tracy (2018) define sustainability based on a categorization
of home buyers using the New York Federal Reserve Bank’s Consumer Credit Panel. They define the
sustainable group as borrowers who pay off their first-time mortgage, move, and remain homeowners,
while the unsustainable groups include borrowers who default or transition to being renters. Note that
this last category includes households that voluntarily downsize and become renters as a lifestyle choice
rather than because of limited financial capacity. There is also literature in public health examining the
impacts of financial stress on health outcomes, including Kahn and Pearlin (2006), Sweeta et al. (2013),
Turunen and Hiilamo (2014), and Sturgeon et al. (2016).

Data

This analysis uses mortgage and borrower credit information from the National Mortgage Database
(NMDB). The NMDB is a nationally representative 5% sample of closed-end, first-lien residential
mortgages in the United States.” The data used from the NMDB cover mortgages originated from January
2013 to December 2019, and purchased by government-sponsored enterprises (GSEs)—that is, Freddie

1 Ahigher education level is associated with higher levels of earning (U.S. Bureau of Labor Statistics, 2022) and causes higher income (Card, 1999). College
students are more financially knowledgeable than high school students, and people with lower education and incomes tend to have low levels of financial
literacy (Lusardi and Mitchell, 2014; Lusardi, Mitchell, and Curto, 2012).

2 This data set is funded and managed jointly by the Federal Housing Finance Agency and the Consumer Financial Protection Bureau. A closed-end loan is
a loan for which the borrower must repay the entire amount of principal and interest by a specified date. If a borrower defaults on the mortgage and the
property is to be sold, a first-lien mortgage has the first claim on the collateral.
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Mac and Fannie Mae—or guaranteed by the FHA/VA. The analysis is restricted to GSE and FHA/VA
loans because for other market segments, data are limited for variables key to this analysis such as DTI.
Including these segments would require either high rates of data imputation or high rates of dropped
observations, which could potentially bias the regression results. As is standard in the literature on the
sustainability of homeownership, this research is restricted to first-time homebuyers. We also limited the
analysis to one-unit properties.® In this analysis, a first-time home buyer is defined as a borrower who has
no prior home purchase in the credit bureau data over a look-back period of seven years.* The sample is
limited to owner-occupied properties because the sustainability of households owning their first home
is the subject of interest. The sample also eliminates cases where the origination loan-to-value (LTV)

ratio exceeds 97 because these loans generally represent non-
standard loan products.

For each borrower in the sample, the VantageScore® credit

score is captured starting at origination and then quarterly A decline in credit score of
through the third quarter of 2021. The final data set is comprised

60 points or more is used as

of 488,268 first-time homebuyers and includes information
on loan origination characteristics and credit information. an indicator of financial stress.
This sample uses the borrower-level sampling weights provided
by NMDB. A decline in a borrower’s credit score of 60 points or

more is used as the baseline indicator of financial stress, where
the decline is measured as the difference between the credit
score at the time a loan is terminated and the credit score at the time a loan is originated. For loans that
are still active at the end of the sample period, the change is measured using the last available credit
score minus the credit score at origination. For the VantageScore®, a 40-point reduction in a consumer’s
score indicates a doubling of the probability that the consumer will default.® Thus, a 60-point drop in
credit score will approximately triple the expected likelihood of default.

Several variables are included to capture the debt levels of the borrowers. Using the data in NMDB

on mortgage payments as well as monthly payments for auto loans, student loans, credit cards, and
other debt allows DTl to be decomposed into mortgage and non-mortgage components. For the
mortgage-related component, the NMDB provides information on the payment-to-income ratio (PTI),
which is defined as the first monthly mortgage payment divided by the monthly income. The non-
mortgage components are calculated as the monthly payment at the end of the quarter when the
mortgage was originated divided by the monthly household income.® For this analysis, the sample is
restricted to observations in which the sum of the components of DTl is within 5 points of the origination
DTI. This screen is imposed because the NMDB does not have full coverage of the non-mortgage DTI
components and these components are approximated using the information at the quarter of origination
and are not necessary the precise amount at the date the loan is originated. This restriction ensures that
the major debt components of origination DTl are largely included in the data and that observations with
substantial missing debt payments, unreasonably large or small non-mortgage payments or income levels
are excluded.” These additional restrictions lower the sample size from 486,232 to 319,437 observations.
This trimmed sample is used to analyze the differential impacts of different components of DTI.

3 Including observations on 2 to 4 unit properties in this analysis does not alter the paper’s results or conclusions.
4 This definition of first-time home buyer is stricter that used by Freddie Mac, Fannie Mae, and FHA in that they only require a look-back period of three years. 5
See the VantageScore® (2016) report at https://origin.pymnts.com/wp-content/uploads/2016/04/VantageScore-white-paper. pdf.
6 Forcredit cards, this ratio is defined as the minimum required monthly payment divided by monthly income.
7 Mortgages with second-lien debt are also excluded from the sample. The fraction of first-time homebuyers with second-lien debt is very small
(less than 0.1% of the entire sample) and including this group might introduce data errors.
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Exhibit 1 displays summary statistics for EXHIBIT 1
these data by funding source. Focusing

Means of select variables

on the full sample, for GSE mortgages,
8.9% of the borrowers in the sample

. . . Full sample Trimmed sample
experience a credit score decline of
60 points or more, and this doubles to Variable Name GSE FHA/VA GSE FHA/VA
17.7% for FHA/VA borrowers. The FHA/ Credit score decline > 60 points 8.9% 17.7% 8.5% 17.3%
VA borrowers also experience a higher Ever D90+ 0.9% 6.9% 0.9% 6.5%
incidence of ever being 90 days or more Ever D120+ 0.7% 5.6% 0.7% 5.09%
(ever D90+) and 120 days or more (ever DTl 347 M2 13 40
D120+) delinguent on their mortgages. TV 84 95 86 95
As expected, FHA/VA borréwers. on VantageScore® 738 677 740 680
ave.rage have h!g.her.DTI ratlo.?, higher LTV OUPB (in $1000°9) s 190 . 15
ratios, lower origination unpaid balance
(OUPB), and lower credit scores. Most of One borrower >0% 2% 8% >1%
the borrowers in the sample have 30-year 30-yearfixed 92% 99% 93% 99%
fixed rate loans. As for the components 20y e i 0% 5 0%
of DTI, the average payment-to-income 15-year fixed 6% 1% 6% 1%
ratio (PTI) for FHA/VA borrowers is PTI 24.0 26.9 24.5 27.7
26.9, slightly higher than 24.0 for GSE Auto loan DTI 3.6 5.8 3.4 57
borrowers. The FHA/VA borrowers also Credit card DTI 1.5 2.0 1.4 1.9
have higher ratio of auto loan DTI, credit Student loan DTI 1.7 1.7 1.7 1.6
card DTI, and other debt DTI. The average Other debt DTI 1.4 22 0.9 20
student loan DTl is the same for the two Sample size 278,609 207623 188488 130,949

groups. The average statistics of the
Note: DTI = debt-to-income ratio; FHA/VA = Federal Housing Administration/Veterans Administration;

trimmed sample are very similar to the GSE = government-sponsored enterprises; LTV = loan-to-value ratio; OUPB = origination unpaid balance;

full sample, thus increasing confidence PTI = payment-to-income ratio. Ever 90+ = ever 90 days or more delinquent on a mortgage payment;
in using the trimmed sample for the Ever 120+ = ever 120 days or more delinquent on a mortgage payment.

component DTl analysis.

Analysis

One indicator of the sustainability of homeownership would be the change in a household’s ability

to manage credit after purchasing a house. First-time homebuyers who are paying their bills regularly
should see their credit scores rise over time. Exhibits 2a and 2b show the average change in credit score
for borrowers starting at loan origination for GSE- and FHA/VA-backed mortgages. For each loan age
(in quarters), the credit score in that quarter minus the credit score at origination is calculated, and then
is averaged over all borrowers for each origination year. Averaging the credit score path over many first-
time homebuyers removes any idiosyncratic individual variation. The analysis shows that credit scores
initially drop and then trend upward. On average, the credit scores of GSE borrowers decline 13 points
but recover after about 7 quarters to the score at origination. After 5 years from origination, their scores
increase by about 20 points. Scores for FHA/VA borrowers decline more deeply initially, by 15 to 25
points, and take longer (between 7 and 22 quarters) to return to their origination credit score. After 5
years, FHA/VA borrowers average a score increase of 5 to 20 points, depending on the origination year.
Also, across different origination cohorts, the average credit scores of FHA/VA borrowers improve at a
faster rate around the first quarter of 2020, whereas the credit scores for GSE borrowers do not exhibit

such a change.
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EXHIBIT 2A

Average change in post-origination credit score by origination year for GSE borrowers

30 ~ —— 2013 —— 2014 2015 2016 2017

25

20

Average credit score since origination

20 22 24
Quarters since origination

Note: GSE = government-sponsored enterprise

EXHIBIT 2B

2018 2019

26 28 30 32 34

Average change in post-origination credit score by origination year for FHA/VA borrowers

40 - 2013 —— 2014 2015 2016 2017

2018 2019

30

20

Average credit score since origination

-20

-30 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
(0] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Quarters since origination
Note: FHA = Federal Housing Administration; VA = Veterans Administration.
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Examining material declines in credit scores can help EXHIBIT 3

rovide insights into which households are deviatin . . .
P ¥ o 9 Type lll effect size from model of financial stress
from the average score path and experiencing

financial stress. A logistic model predicting a decline

Degrees of Wald
Variable freedom Chi-Square Pr > ChiSq

of 60 points or more in credit score is estimated with

control variables including DTI, LTV, VantageScore®,

OUPB, funding sources, indicator for a single ! ol ! 28054 0
borrower (“one borrower”), product type, and z  (Ceefiseen: 2 e 0
origination year fixed effects. As an indicator of the 3 Funding source 1 21930 0
relative importance of the explanatory variables, 4 v 7 9890 0
Exhibit 3 reports the Type Il effect sizes from this 5 Oneborrower 1 9434 0
model.® The Type lll effect size is based on a 6 OuPB 4 7716 0
chi-square test statistic for the significance of each 7 Product type 4 3438 0
explanatory variable. The chi-square test statistics 8 Year of origination 6 1412 0

and associated p-values shown in the last two ) ) ) o )
. . . X Note: DTI = debt-to-income ratio; LTV = loan-to-value ratio; OUPB = origination unpaid balance.
columns indicate that each of the eight variables

in the model significantly improve the model fit.

DTl is the largest driver of the likelihood of a material decline in credit score, followed by origination

credit score, funding sources, LTV, numbers of borrowers, OUPB, product type, and year of origination.

This contrasts with a default model (ever D90O+) fit to this sample, in which DTl appears only as a

secondary predictor.’

Next, we delve more deeply into the relationship EXHIBIT 4
between DTl and credit score declines by examining . L.
the incidence of material declines in credit scores Financial stress Changes by DTI, 2016 originations
as well as the average change in credit scores. Change in average -
Using loans originated in 2016, the first two columns credit score credit score decline > 60
of Exhibit 4 show the average credit score change
from origination by each DTl category. The 2016

origination year was chosen because it provides a

DTl level FHA/VA GSE FHA/VA
0-20 5% 13%

. . . 20-30 21 18 6% 14%

five-year window of credit score performance for
. 30-35 19 15 8% 15%

these borrowers. The first two columns show that, : ’
on average, all DTl groups experience credit score Sy v & L% lLeve
increases. However, for FHA/VA borrowers with 40-45 15 5 12% 19%
DTl greater than 45, this increase is modest (only >45 12 2 1% 20%
2 points). The last two columns show the percentage Note: DTI = debt-to-income ratio; FHA/VA = Federal Housing Administration/Veterans
of borrowers whose credit scores declined by Administration; GSE = government-sponsored enterprises.

60 points or more. For GSE borrowers, the incidence

more than doubles from 5% for the lowest DTl group

to 11% for the highest DTl group. For FHA/VA borrowers, the percentage is almost double,
from 13% to 20%. This simple univariate analysis confirms the relationship between high DTI
and a higher probability of a material decline in the credit score.

8 Forthe full regression coefficients, see Appendix Exhibit A1, Column (1).
9 See Appendix Exhibit A2 for the type Il effect sizes for a model predicting ever D90+ using the same explanatory variables and sample.
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To provide additional insight on how the average borrower’s credit score trajectory depends on DTI,
Exhibit 5 plots the average post-origination credit score path stratified by DTl category for 2016
originations. For each loan age (in quarters), the credit score in that quarter minus the origination credit
score is calculated, and then averaged over all borrowers in each DTl category.

EXHIBIT 5A

Average change in post-origination credit score by DTI for GSE loans

30 ~ ——— DTI0-20 ———— DTI121-30 DTI31-35 ~——— DTI36-40 ——— DTI41-45 ——— DTI>45

25 o

20

Average credit score since origination

0 2 4 6 8 10 12 14 16 18 20
Quarters since origination

Note: DTl = debt-to-income ratio; GSE = government-sponsored enterprises.

Exhibit 5a focuses on borrowers with GSE loans. For all DTl groups, the average credit score initially
declines about 10 points to 15 points, with higher DTI categories experiencing larger initial declines.
Subsequently, the average credit score increases for all DTl groups at roughly the same pace, but it
takes longer for higher DTl groups to recover from their larger initial drop. For the lowest DTl group,
on average it takes 4 quarters for the credit score to recover to the origination level, while for highest
DTl group, it takes more than 10 quarters to recover.

22
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EXHIBIT 5B
Average change in post-origination credit score by DTl for FHA/VA loans

40 A ——— DTI0-20 ———— DT121-30 DTI31-35 ——— DTI36-40 ——— DTI41-45 ——— DTI>45
30

20

Average credit score since origination

-20

-30 1 I I I I I I I I I I I I I I I I I I I I I I

Quarters since origination

Note: DTI = debt-to-income ratio; FHA/VA = Federal Housing Administration/Veterans Administration.

Exhibit 5b focuses on borrowers with FHA/VA loans. As with GSE loans, average credit scores initially
decline, but for FHA/VA borrowers the duration of the decline is longer (up to 6 quarters), and the drop
is deeper for the highest DTl category. On average, it takes the FHA/VA loans with DTls between 21-30
more than 5 quarters for credit scores to recover to the origination level, compared to 18 quarters for the
loans with the highest DTI.

Since DTl is a crucial predictor of financial stress, the analysis examines the impacts of its mortgage and
non-mortgage components: the mortgage payment-to-income (PTI) ratio, auto loans DTI, student loans
DTI, credit cards DTI, and other debt DTI. The trimmed sample is used for this exercise: that is, only those
observations in which the sum of the components of DTl is within 5 points of the origination DTl are
used. This is done to exclude loans with various data inconsistencies, including substantial missing debt
payments or unreasonably large or small non-mortgage payments or income levels.

A logistic model of financial stress is fit on the trimmed sample, where the dependent variable indicates
a drop of 60 points or more in credit score and the control variables include PTIl, non-mortgage DTls, LTV,
Vantage Score®, OUPB, funding sources, an indicator for a single borrower (“one borrower”), product
type, and origination year fixed effects.
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EXHIBIT 6

Estimated coefficients from logistic model of financial stress (trimmed sample)

4
Variable FHA/VA
FHA/VA (base GSE) 0.498*** 0.4771%**
(0.0177) (0.0178)
DTI 0.0237***
(0.000690)
PTI 0.0203*** 0.0263*** 0.0153***
(0.000786) (0.00118) (0.00106)
Auto DTI 0.0228*** 0.0299*** 0.0182***
(0.00122) (0.00214) (0.00148)
Credit card DTI 0.0716*** 0.115*** 0.0454***
(0.00262) (0.00419) (0.00333)
Student loan DTI -0.0332*** -0.0271*** -0.0370***
(0.00235) (0.00352) (0.00316)
Other DTI 0.0602*** 0.0823*** 0.0499***
(0.00206) (0.00349) (0.00250)
Observations 319,437 319,437 188,488 130,949

Note: DTI = debt-to-income ratio; FHA/VA = Federal Housing Administration/Veterans Administration; GSE = government-sponsored enterprises; PTl = payment-to-income ratio.
*** 5<0.01, ** p<0.05, * p<0.1

Exhibit 6 presents select coefficients for the logistic regression results using the trimmed sample.”
Column (1) shows the regression coefficients when the origination DTl is used. Controlling for other factors,
the FHA/VA coefficient of 0.498 in Column (1) shows that these FHA/VA borrowers have a materially higher
likelihood of experiencing financial distress after origination. Columns (2) through (4) use the components
of DTl as control variables. The comparative impact of the components of DTl is shown through the size and
sign of the coefficients. Column (2) shows that PTl and auto DTl components have similar impacts to the DTl
on the likelihood of financial distress, reflected in similar coefficient sizes. Specifically, the DTI coefficient of
0.0237 in Column (1) is of a similar magnitude to the PTl and auto DTI coefficients in Column (2) at 0.0203
and 0.0228, respectively. In contrast, the credit card DTl coefficient in Column (2) is more than three times
larger, at 0.0716, indicating that credit card debt is much more likely to lead to financial stress. Student loan
debt DTl has a negative coefficient at -0.0332, indicating that this form of debt is negatively correlated with
financial stress. This negative correlation between student debt and mortgage default could be explained
by higher earnings growth, higher levels of financial knowledge, or other factors that lead to both higher
student debt and lower rates of financial stress."” Column (3) and (4) report results separately for GSE and
FHA/VA borrowers. Except for student debt, the debt-related DTI coefficients are larger for GSE borrowers
than for FHA/VA borrowers, suggesting that mortgage and non-mortgage debt have a larger impact on
financial stress among GSE borrowers. Credit card and other debt DTl are particularly potent predictors of
financial stress for GSE borrowers.

10 See Appendix Exhibit Al for the full set of regression coefficients.
11 The detailed credit score paths for GSE and FHA/VA borrowers with different levels of student loan DTl are shown in Appendix Exhibits A3 and A4.
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Conclusion

The benefits of homeownership are only realized to the extent
that homeownership is sufficiently sustained. Financial stress,
as measured by a decline of 60 or more points in the credit
scores of home loan borrowers, is an important precursor to the

unsustainability of homeownership. precursor to the unsustainability

Financial stress is an important

DTl is found to be the single most important predictor of a of homeownership.
material credit score decline for first- time homebuyers financing
their home with a GSE- or FHA/VA-backed mortgage. A high
DTl level is associated with a higher probability that homebuyers
will experience a material decline in their credit score. Among
the constituent components, credit card and other debt are highly predictive of future financial stress,
followed by second-lien, mortgage debt, and auto debt. Student loan debt, on the contrary, reduces the

probability of financial stress.

This modeling of the financial stress of first-time homebuyers can be useful in several ways. First,
communicating the likelihood of financial stress at origination could help inform the household’s decision
as to whether to buy a home. Households with elevated likelihoods of financial stress might choose a less
expensive option or delay homeownership. After origination, borrowers with these elevated likelihoods
of experiencing financial stress could consider seeking financial education and counseling through
borrower help centers and/or HUD-approved housing counseling agencies.
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Appendix

Appendix Exhibit Al reports the full set of estimated coefficients from the logistic model of financial
stress. Column (1) reports the coefficients using the full sample. As expected, higher DTl loans are
associated with a higher probability of experiencing a drop in credit score of 60 or more points. For
example, a 1% increase in the DTl level increases the log odds of experiencing financial stress by 0.022.
Other factors associated with financial distress are loans funded by FHA or VA; a VantageScore®
between 680 and 740; LTVs greater than 80 or below 75; low OUPBs; one borrower; and a product
type other than a 30-year fixed-rate mortgage. The negative coefficient on the lowest VantageScore®
category is counterintuitive but may be reflective of regression to the mean in credit scores. Columns (2)
to (5) provide the full coefficients for Exhibit 6.

APPENDIX EXHIBIT Al

Estimated coefficients from logistic model of financial stress

Q) (2) (3) (4) Trimme(j)Sample
Variable Full Sample Trimmed Sample Trimmed Sample Trimmed Sample GSE FHA/VA
FHA/VA (base GSE) 0.506*** 0.498*** 0.471%**
(0.0143) (0.0177) (0.0178)
DTI 0.0222*** 0.0237***
(0.000551) (0.000690)
PTI 0.0203*** 0.0263*** 0.0153***
(0.000786) (0.00118) (0.00106)
Auto DTI 0.0228*** 0.0299*** 0.0182***
(0.00122) (0.00214) (0.00148)
Credit card DTI 0.0716*** 0.115%** 0.0454%**
(0.00262) (0.00419) (0.00333)
Student loan DTI -0.0332*** -0.0271%** -0.0370***
(0.00235) (0.00352) (0.00316)
Other DTI 0.0602%** 0.0823*** 0.0499%**
(0.00206) (0.00349) (0.00250)
LTV 0-60 0.118*** 0.0956 0.114~* 0.158** -0.0277
(0.0425) (0.0604) (0.0607) (0.0663) (0.166)
LTV 61-70 0.0793* 0.0186 0.0456 0.119* -0.245
(0.0431) (0.0622) (0.0625) (0.0674) (0.185)
LTV 71-75 -0.000696 -0.0383 0.000336 0.0554 0.0324
(0.0323) (0.0459) (0.0463) (0.0504) (0.144)
LTV 81-85 0.162*** 0.147*** 0.197*** 0.266*** 0.0899
(0.0412) (0.0557) (0.0561) (0.0650) (0.133)
LTV 86-90 0.152*** 0.105** 0.1771%** 0.225%** 0.0911
(0.0336) (0.0470) (0.0475) (0.0528) (0.126)
LTV 91-95 0.295%** 0.263*** 0.332%** 0.398*** 0.186
(0.0307) (0.0438) (0.0443) (0.0490) (0.120)
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LTV 96-97 0.406*** 0.379*** 0.451%** 0.520*** 0.319***
(0.0312) (0.0444) (0.0450) (0.0519) (0.118)
Vantage 0-680 -0.344*** -0.356%** -0.444*** -0.637*** -0.210***
(0.0180) (0.0223) (0.0226) (0.0357) (0.0439)
Vantage 681-720 0.0596*** 0.0226 -0.0436* -0.175%** 0.186***
(0.0181) (0.0223) (0.0224) (0.0291) (0.0450)
Vantage 721-740 0.0425** 0.00756 -0.0247 -0.122%** 0.198***
(0.0193) (0.0237) (0.0237) (0.0291) (0.0477)
Vantage 741-760 -0.132%** -0.174%** -0.168*** -0.266*** 0.0905*
(0.0195) (0.0238) (0.0238) (0.0281) (0.0496)
Vantage 761-780 -0.211%** -0.286%** -0.273%** -0.322%** -0.0825
(0.0216) (0.0265) (0.0265) (0.0301) (0.0578)
OUPB $0-$125k 0.223*** 0.238*** 0.174*** 0.203*** 0.147***
(0.0160) (0.0202) (0.0212) (0.0296) (0.0317)
OUPB $125-$175k 0.0466*** 0.0523*** 0.0253 0.00366 0.0408
(0.0157) (0.0193) (0.0198) (0.0278) (0.0291)
OUPB $175-$225k -0.0291* -0.0342* -0.0470** -0.137*** 0.0224
(0.0163) (0.0200) (0.0202) (0.0287) (0.0296)
OUPB $225-$300k -0.0322* -0.0407** -0.0498** -0.126*** 0.0222
(0.0165) (0.0200) (0.0201) (0.0278) (0.0300)
One borrower 0.247*** 0.2271%** 0.234%** 0.246*** 0.224%**
(0.00920) (0.0116) (0.0123) (0.0183) (0.0167)
15-year fixed -0.386*** -0.340%** -0.353*** -0.334%** -0.391
(0.0750) (0.0960) (0.0961) (0.101) (0.343)
20-year fixed -0.467*** -0.460*** -0.470%** -0.448*** -0.455%**
(0.0354) (0.0457) (0.0458) (0.0497) (0.125)
Other fixed loan -0.0512 -0.0392 -0.0581 -0.0716 0.0436
(0.0950) (0.128) (0.129) (0.153) (0.244)
Constant -3.442%** -3.422%** 3,337 -3.530%** -2.746%**
(0.0404) (0.0542) (0.0548) (0.0684) (0.132)
Observations 486,232 319,437 319,437 188,488 130,949

Note: Robust standard errors in parentheses. The base LTV category is 76-80. The base Vantage score category is >780. The base OUPB category is >300k. The base category
for product type is a 30-year fixed rate mortgage. DTI = debt-to-income ratio; FHA/VA = Federal Housing Administration/Veterans Administration; GSE = government-sponsored
enterprises; LTV = loan-to-value ratio; OUPB = origination unpaid balance; PT| = payment-to-income ratio.

**% 5<0.01, ** p<0.05, * p<0.1

Appendix Exhibit A2 illustrates the Type Il effect size for the default model, which has the same
explanatory variables as the financial stress model, and the dependent variable is whether the borrower
ever has missed a payment for 90 days or more. The Type Il effects show that the most important
predictor is the credit score at origination, followed by the origination year, the funding source (whether
the loan is backed by a GSE or FHA/VA), the number of borrowers, DTI, LTV, product type, and OUPB.
Unlike the financial stress model, DTl is not a top predictor for the ever D90+ event.

Appendix Exhibit A3 shows the average post-origination credit score path stratified by student loan DTI
category for 2013 originations. The student loan DTl is categorized into 0%-2%, 2%—-6%, and more than
6%, representing roughly 75%, 15%, and 10% of the total sample size for 2013 mortgages borrowers,
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respectively. Unlike other components of DT, both

APPENDIX EXHIBIT A2

GSE and FHA/VA borrowers with higher student
loan DTl have smaller initial credit score declines and
generally experience larger average credit score
increases over time.

For GSE borrowers with student loan DTI greater
than 6%, their initial credit score drop is less than
10 points, and it takes around one year for their
score to recover to the origination level. In contrast,
borrowers with less student loan debt have higher
initial credit score declines (of around 12 to 15
points), and generally need 7 to 8 quarters for the
credit score to return to the origination level. The

p—
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Type lll effect size from model of ever D90+
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Chi-Square
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413
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pattern also holds for FHA and VA borrowers. One
reason for the reverse trend is that borrowers with
higher student loan debt would be more likely to
have graduate or other professional degrees. For

Note: DTI = debt-to-income ratio; LTV = loan-to-value ratio; OUPB = origination unpaid balance.
Ever D90+ = ever 90 days or more delinquent on a mortgage payment.

example, borrowers working as lawyers, dentists, and doctors can accrue substantial levels of student

debt but this could be offset by their high earnings potential. This relationship between student debt and
credit score increases also holds for FHA/VA borrowers, as shown in Appendix Exhibit A4.

APPENDIX EXHIBIT A3

Average change in post-origination credit score

by student loan DTl for GSE borrowers
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APPENDIX EXHIBIT A4

Average change in post-origination credit score
by student loan DTl for FHA/VA borrowers
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Note: DTl = debt-to-income ratio; GSE = government-sponsored enterprise.

Quarters since origination

Note: DTl = debt-to-income ratio; FHA/VA = Federal Housing Administration/
Veterans Administration.
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